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Editorial on the Research Topic
 Women in science—Regulatory science 2021





Introduction

All publications in this Research Topic on Women in Regulatory Science have female first authors, and the diversity in scientific subjects and high quality of the publications truly underline that regulatory science is blessed with a high number of very specialized, extremely skillful and high performing women. The publications indeed demonstrate how women are moving science forward.



Scientific advice

Murphy et al. examine the contributions of patient participation in scientific advice procedures at the European Medicines Agency (EMA), describing methodology used to involve patients in scientific advice and presenting an analysis of feedback received from EMA procedure coordinators as well as patients who have participated. There is a significant added value from patient engagement in EMAs Scientific Advice procedures suggesting the need to further expand patient input to real-world evidence for the benefit of public health.

Dekker et al. address new approaches in the use of remote monitoring technologies (RMT) in clinical registration trials by evaluating regulatory qualification opinions, qualification and scientific advices provided between 2013 and 2019 by the EMA Committee for Medicinal Products for Human Use (CHMP). The RMTs included accelerometers to measure activity and/or sleep, mobile applications and glucose monitoring devices, mostly proposed as secondary or exploratory endpoints. CHMP recommendations concerned relevance, validation, precision, compliance and actual use as well as privacy and data handling. RMTs in registration trials are still rare but use has increased over time. This insight may stimulate the use of novel RMTs in a regulatory context.



Repurposing of medicines

Drug repurposing is the process of identifying a new use for an existing medicine in an indication outside the scope of the original approved indication. Asker-Hagelberg et al. address the issue of repurposing of authorized medicines taking the examples collected during the COVID-19 pandemic into consideration and stressing the need for initiatives. A European Union framework for repurposing of established medicines is described.



Pediatric drug development

The EU Pediatric Regulation was introduced in 2007 and is currently undergoing revision. A pediatric legislation has existed for even longer in the USA. Existing differences in the legislative framework may cause different pediatric requirements for similar indications granted for similar drugs across jurisdictions. In a cross-sectional study, Christiansen et al. study mandatory requirements for pediatric drug development in the EU and the US, comparing requirements for therapeutic indications granted at the time of initial approval for novel drugs approved in the two regions from 2010 to 2018. This is an important contribution to the evaluation of how aligned requirements for pediatric drug development are across the regions.



Global drug registration requirements

Zhong et al. compared registration requirements to Proprietary Chinese medicine in Hong Kong and Canada based on publicly available information. Similarities and differences exist between the two regulatory systems in terms of quality, safety and efficacy requirements. Knowledge of the Proprietary Chinese Medicines product license application procedure and requirements in Hong Kong and Canada will enable an appropriate strategy for gaining product approval.



General healthcare

Enticott et al. describe Australian experiences with a Learning Health System stressing the need for cross disciplinary work and data sharing. The study aimed to describe the process and present a perspective on a coproduced Learning Health System framework, with development led by publicly funded Academic Health Research Translation Centres with a mandate to integrate research into healthcare to deliver impact. This continuous learning approach aims to deliver evidence-based healthcare improvement.



Funding and innovation

Diabetes Mellitus (DM) is one of the World Health Organization's priority diseases under research by the program of Innovative Medicines Initiative (IMI). Brito et al. reviewed the Impact of the IMI initiatives related to DM by analyzing publications from projects under the initiative. The IMI funded projects identified new biomarkers, medical and research tools, clinical trial designs, clinical endpoints and therapeutic targets, to name a few. Based on the scientific data produced, the authors provide a joint vision with strategies for integrating personalized medicine into healthcare practice.

Janssens et al. studied patient preferences for Multiple Myeloma Treatments by qualitative interviews in 4 EU countries and thematic analysis. Results pointed at the need for Multiple Myeloma drug development, evaluation and individual treatment not only focusing on extending the life but also taking side effects into account as these significantly impact Multiple Myeloma patients' quality of life.

Sessa et al. describe the role and limitations of the European Patients Academy on Therapeutic Innovation (EUPATI) in Switzerland (CH) in promoting patient involvement in medicines research and development. EUPATI CH initiated a multi-stakeholder survey involving patient representatives, academia, pharmaceutical industry, healthcare professionals, and government agencies. A need for collaboration amongst stakeholders as well as funding, knowledge and human resources was identified.



Clinical development

Kearney et al. describe how various stakeholders can utilize regulatory affairs and clinical affairs to navigate the nuanced landscape behind the development and use of clinical diagnostic products. This work emphasizes the critical importance of utilizing regulatory affairs and clinical affairs as an integral part of product development to ensure sustained innovation.

Monti et al. stress the need for academic follow-up studies postmarketing identifying barriers and possible solutions from experiences with breast cancer. The authors describe the regulatory hurdles of getting approvals for an academic study funded by an EU call on validation of biomarkers for personalized cancer medicine.

We conclude this editorial with a gender-related research study. Gender medicine investigates the influence of sex/gender on the pathophysiology, prevention and treatment of disease, and on social and psychological aspects. Medical research was previously performed dominantly on men in preclinical and clinical studies, but the picture is changing. Artificial intelligence (AI) algorithms assist health professionals with data management, preclinical image-based diagnostics, robotic surgery, prediction models, and decision-making support. Yoon et al. conducted a bibliometric analysis of gender-related articles in medical AI over 20 years. The number of publications and percentage of gender-related articles in medical AI fields increased from 2001 to 2020, with a steep increase in the last 5 years. This underlines an increased focus on gender-related medical research, to the benefit of the patients.
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Ethnopharmacological Relevance: Chinese Medicine plays a symbolic role among traditional medicines. As Chinese Medicine products are widely used around the globe, regulations for Chinese Medicine products are often used as models for the efficient regulation of natural products that are safe, and high-quality.

Aim of the Study: We aimed to compare the regulatory registration requirements for Proprietary Chinese Medicines in Hong Kong and Canada.

Materials and Methods: We compared registration requirements for Proprietary Chinese Medicine in Hong Kong and Canada based on publicly available information provided by the respective Regulators. A marketed product, Zhizhu Kuanzhong Capsule (SFDA approval number Z20020003; NPN approval number 80104354), was used as a case study to demonstrate the similarities and differences of the requirements in both Hong Kong and Canada.

Results: There were similarities and differences between the two regulatory systems in terms of the quality, safety and efficacy requirements. Despite the superficial appearance of similar categories and groups/classes, Hong Kong requires significantly more primary test data compared to Canada's reliance on attestation to manufacturing according the standards outlined in approved reference pharmacopeias/texts.

Conclusion: Improved understand of the similarity and differences will enable applicants to plan appropriate strategies for gaining product approval. Exploring ways to harmonize the regulatory process has the potential to benefit manufacturers, regulators, and patients by increasing efficiency and decreasing costs.

Keywords: proprietary Chinese medicine, traditional Chinese medicine, herbal medicine, natural health products, Chinese medicine regulation, Chinese medicine registration, product license application regulation, Zhizhu Kuanzhong


INTRODUCTION

Regulation of health products is generally considered necessary to protect the public. The vast majority of countries have implemented policies and practices aimed at reviewing the safety and effectiveness of health products before allowing them to be marketed to the general population. In an increasingly globalized marketplace, manufacturers face a wide array of regulatory regimes as each country requests different information or evidence and often requires different standards for assessing products. While recognizing the right of each sovereign nation to set its own standards, one wonders whether voluntary harmonization of key standards and evidence requirements might save significant time and money ultimately increasing access of populations to safe, effective and high quality products.

The implementation of evidence-based reviews to avoid costly replication of efforts and facilitate timely access to medications has been a topic of global discussion and debate. For example, in the United States, the Prescription Drug User Fee Act VI and 21st Century Cures Act recommend a more effective and efficient regulatory review model, authorizing the Food and Drug Administration to enhance capacity to review products under a variety of models and pathways (1). In the European Union, the European Medicines Agency has been taking steps toward more flexible approaches to its drug approval system (2).

Traditional medicine is defined by the World Health Organization as “the sum total of the knowledge, skill, and practices based on the theories, beliefs, and experiences indigenous to different cultures, whether explicable or not, used in the maintenance of health as well as in the prevention, diagnosis, improvement or treatment of physical and mental illness” (3). Traditional medicine products often have long histories of use in their original cultural settings but may have limited translational research supporting their use. As demand for these products increases around the world, especially in markets outside the country of origin, there is an urgent need for regulation of traditional medicines. This creates challenges for regulators and manufactures. Regulators look for conventional scientific evidence of safety and efficacy, while consumers and manufacturers are concerned that over regulation may limit patient access to safe and effective medicines that have been used for hundreds of years in their country of origin. Unlike Western biomedicine, health claims of traditional medicines are sometimes difficult to evaluate in jurisdictions outside the country of origin where there may be limited experience or expertise in assessing the quality of traditional products. In addition, the significant variation in guidelines and requirements for product registration/licensing creates unnecessary barriers for manufacturers.

In order to explore these challenges, we conducted a case study of the regulatory requirements for obtaining a product license for Zhizhu Kuanzhong Capsule, a Proprietary Chinese Medicine in two policy environments: Hong Kong and Canada. Hong Kong and Canada were chosen because they both have well-developed regulatory systems for traditional medicines, but are based in very different cultures which allows the identification of similarities and differences that may have relevance for a range of systems. We focused on the quality control, safety, and effectiveness aspects of the regulatory process as these are arguably more amenable to possible harmonization across states and cultures. The paper concludes with a discussion of components of the regulatory process where harmonization may have the greatest impact to facilitate the efficiency of the regulatory approval process while also enhancing its rigor and ability to achieve the objective of protecting the public.



DEFINITION AND REGULATIONS

The regulatory pathway and requirements for Proprietary Chinese Medicine in Hong Kong and Canada are available online on their respective regulatory bodies' websites (4–7).

In Hong Kong, Proprietary Chinese Medicine is regulated by Chinese Medicine Council of Hong Kong, a statutory body established under the Chinese Medicine Ordinance established since 1999. Under the regulation, the selection of the classification category and the registration group of a Proprietary Chinese Medicine product license application is a decision made by the applicant and reviewed by the regulatory body. The registration requirements are dependent on the selected classification category and registration group (Figure 1). Other than the “New Medicine Category” that must be registered under Group III, for Proprietary Chinese Medicines under the “Established medicines category” (ancient or pharmacopeia prescriptions with original dose form) and “Non-established medicines category” (health-preserving medicines and single Chinese medicine granules), there are no distinctive guidelines which help the applicant to determine whether products should be registered under Group I, Group II or Group III. The applicants may choose to apply for registration in any of the three groups (8). This creates an incentive for applicants to select registration groups with fewer requirements, i.e., Group I with basic documents or Group II with further safety and quality supporting documents, instead of Group III which requires the submission of a dossier with comprehensive documents (see Table 1 for a summary of required materials). Though the applicants are encouraged to consult the Chinese Medicine Regulatory Office of the Department of Health, currently there is no official pre-submission meeting arrangement in Hong Kong to help ensure that the applicants have selected the right product license registration group.


[image: Figure 1]
FIGURE 1. The classification categories and registration groups of Proprietary Chinese Medicines and their requirements in Hong Kong (8).



Table 1. Product license application requirements summary for Hong Kong and Canada (5, 9).

[image: Table 1]

In Canada, Proprietary Chinese Medicine is defined as a natural health product (NHP) and regulated by Natural and Non-prescription Health Products Directorate of Health Canada under the Natural Health Products Regulations which came into effect on January 1, 2004. A wide range of health products whose active ingredients exist in nature and are used for self-limiting conditions fall within the category of natural health products including herbal medicines, vitamins and minerals, essential fatty acids and many different traditional medicines including most Proprietary Chinese Medicine. Proprietary Chinese Medicine can be registered under a Class I or Class II or Class III product license (9) (see Figure 2). For example, Proprietary Chinese Medicines which meet the Compendial requirements may submit an application under Class I. The well-defined application guidelines help applicants to determine the right type and class of the product license for which they should apply. If in doubt, applicants can request a Pre-submission Meeting to clarify the type of application required (9). In addition, if after reviewing all relevant regulations, guidance and tools, an applicant is unsure if a product is suitable for licensing as a natural health product, the applicant is encouraged to submit a product classification request prior to submitting a product licensing application. It should be noted that in the Canadian system, at least one “claim” must be approved as part of the licensing application. Recognizing that many Proprietary Chinese Medicines may be used for a wide variety of conditions (representing different claims), the regulatory system, which requires additional documentation for applications in Classes 2 and 3, creates an incentive for applicants to seek approval for a single claim in the lowest Class possible with the least regulatory burden.


[image: Figure 2]
FIGURE 2. The types and classes of Proprietary Chinese Medicines product license application and their requirements in Canada (9).




STRUCTURED (QUALITY, SAFETY, AND EFFICACY) REQUIREMENTS OF PROPRIETARY CHINESE MEDICINES IN HONG KONG AND CANADA


Hong Kong

For Proprietary Chinese Medicines in the “Established medicines category” and “Non-established medicines category” to be registered under Group I, basic documents related to safety, efficacy & quality of the medicine are required for the application. For “Health-preserving medicines” in the “Non-established medicines category,” a long-term toxicity test is required to verify safety because these products are intended for long-term use.

For Proprietary Chinese Medicines in the “Established medicines category” and “Non-established medicines category” to be registered in Group II, further documents supporting their safety and quality are required, such as real-time stability testing, in addition to the basic documents related to the safety, efficacy, and quality of the medicine.

For Proprietary Chinese Medicines under the “Established medicines category,” “Non-established medicines category,” and “New medicines category” to be registered in Group III, comprehensive documents documenting the safety, efficacy, and quality of the medicine are required, such as principal pharmacodynamic studies, clinical trial protocol, and summary report, etc. (8).



Canada

The Natural and Non-prescription Health Products Directorate (NNHPD) requests that applicants identify the class under which they are applying in the cover letter of their application according to the definitions. If a Class is not identified correctly in the cover letter, the application will be refused.

By attesting to a monograph, the applicant is confirming that the application meets all of the monograph parameters (Class I) to which the applicant has attested. If applicants are not attesting to full monograph parameters in Class II or III applications, they must ensure that evidence or a rationale for not attesting to the monograph has been provided.

The details of the quality, safety and efficacy requirements for Hong Kong and Canada are listed in Tables 2–4, respectively (10–16).


Table 2. The quality requirements of proprietary Chinese medicines in Hong Kong and Canada (10, 11).

[image: Table 2]


Table 3. The safety requirements and purity standards (under Quality Requirements' guidelines) of proprietary Chinese medicines in Hong Kong and Canada respectively (11, 12).

[image: Table 3]


Table 4. The efficacy requirements of proprietary Chinese medicines in Hong Kong and Canada (11, 13).
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IMPACT OF REGULATIONS IN HONG KONG AND CANADA

Product regulations are the gates defending public health against health products without proven quality, safety, and effectiveness. They should ensure minimum quality of products provide the basis for quick action if post marketing reports identify issues with specific products. Although there is no international standard for regulation for Proprietary Chinese Medicines, the regulatory authorities of Hong Kong and Canada have both adopted a multi-pronged regulatory strategy by dividing applications into groups and classes.

In Hong Kong since registration of Proprietary Chinese Medicines took effect in 2003, more than 2,400 Proprietary Chinese Medicines products have been issued a certificate of registration (17). The registered products not only provide safe Chinese Medicine products to the public, but also have driven ancillary economic activities and created employment opportunities. In 2019, the Hong Kong government established the Hong Kong Chinese Medicine Development Fund with HKD 500 million to promote the development of the Chinese Medicine including support to enhance the overall standard of the industry (18). Manufacturers of Proprietary Chinese Medicines can apply the fund to design or purchase equipment that meets the requirements of Chinese Medicine Manufacturing Quality Management (GMP) (19). Moreover, the government will provide a list of accredited testing institutes to assist manufacturers to meet technical requirements and provide required documentation throughout the registration process (20).

In 2012, Canada established guidelines regarding product license application for traditional medicines including Chinese Medicine. Noteworthily, instead of evidence for ingredients that are already known to be safe and efficacious, Canada's regulatory approach allows assessment of traditional medicines based on efficacy and safety data from relevant traditional healing paradigms (21). However, Proprietary Chinese Medicines that consist of modified or inconsistent Chinese Medicine classical formulae are not eligible for this regulatory pathway and require detailed safety or efficacy documentation. For products that are eligible for Class I, manufacturers must attest that they are manufacturing the product according to the requirements outlined in the Canadian monograph which is based on the Canadian regulatory authority's review of the evidence and determination of what is required to ensure a product is safe and of sufficient quality (22).



TAKING ONE PROPRIETARY CHINESE MEDICINE AS AN EXAMPLE: ZHIZHU KUANZHONG (ZZKZ) CAPSULE

ZZKZ Capsule (SFDA approval number Z20020003; NPN approval number 80104354), manufactured by Shuangren Pharmaceutical Co., Ltd. of Lonch Group, has been marketed for more than 10 years in China. This Proprietary Chinese Medicine originates from the traditional prescription “Zhizhu Decoction.” ZZKZ Capsule is mainly composed of the following four commonly used Chinese herbs: Rhizoma Atractylodis Macrocephalae (plant Atractylodes macrocephala Koidz.), Fructus Aurantii Immaturus (plant Citrus × aurantium L.), Radix Bupleuri (plant Bupleurum chinense DC.), and Fructus Crataegi (plant Crataegus pinnatifida Bunge). The combination of these four herbs is commonly used to treat spleen deficiency, qi stagnation, liver-stomach disharmony as well as stomach duct and abdomen fullness within the traditional Chinese medicine paradigm (23). To illustrate the similarities and differences between the two regulatory processes, we summarized the requirement of documents for ZZKZ Capsule to register in both Hong Kong (Group I) and Canada (Class I) in Table 5.


Table 5. Zhizhu Kuanzhong Capsule - product license application in Hong Kong and Canada (8, 9).

[image: Table 5]

Regulation in Hong Kong requires six different safety test reports including heavy metals and toxic elements report, pesticide residues report, microbial limit test report, etc. A summary of evidence including reference materials is required to support product efficacy. In addition, details of the manufacturing method, product specifications and stability testing are required.

In contrast, regulation in Canada requires confirmation that all ingredients are listed in the relevant tables of acceptable Traditional Chinese Medicine Ingredients in the Compendium of Monographs and attestation from the manufacturer that the product is manufactured according to the preparations and methods of processing outlined in one of five specific approved reference pharmacopeias/texts. Similarly, conditions of use and adverse effects identified on the label must be consistent with those outlined in one of the five acceptable reference pharmacopeias (24).

Thus, Hong Kong and Canada take very different approaches to the regulation of the same product which appear to entail very different amounts of effort, time and money on the part of manufacturers who wish to obtain a license to market the same product. This creates a “natural experiment” that would be worth investigating to explore which regulatory approach is the most efficient at supporting the licensing of safe, effective and high quality products available for consumers.



DISCUSSION

One of the biggest challenges facing manufacturers is the lack of consistency of regulatory requirements globally. In some cases, the documentation required is very similar; in other cases, it varies dramatically. The classification criteria for Proprietary Chinese Medicines registration are different in Hong Kong and Canada but both involve judgements based on historic records of Proprietary Chinese Medicines and include evidence of safety, efficacy and quality. What differs is the type of evidence that must be submitted.

For example, for Proprietary Chinese Medicines that qualify for registration in Group I (Hong Kong), manufacturers are asked to provide safety and efficacy data including product specification, toxicity test report and stability test report. In contrast, for a similar category of products (Class I) in Canada, manufacturers are only required to submit documentation that the Proprietary Chinese Medicines will be manufactured and used in line with traditional data and in strict compliance with all the parameters of a specific NNHPD monograph recognized by the Health Canada. It includes the information from Pharmacopeia published by a reputable agency (e.g., the Pharmacopeia of the People's Republic of China or translated version of the Drug Standard of People' Republic of China), ensures that there are sufficient data to demonstrate the quality, safety and efficacy of the Proprietary Chinese Medicines.

Applications for Proprietary Chinese Medicines that fall into the “non-established” or “new medicines” category in Hong Kong, and under the “modern health claims” category in Canada, will be assessed under the requirements outlined for Group III in Hong Kong and under requirements of Class II or Class III in Canada. The requirements in the two countries for these kinds of products also differ. For example, in Hong Kong, clinical trials with the new indications will required to be conducted in the Hong Kong population before registration. In Canada, depending on the health risk of the Proprietary Chinese Medicine, the claimed therapeutic functions or efficacy must be supported by evidence from the health care literature (including traditional Chinese medicine literature), by research studies assessing product efficacy including clinical trials, and/or a complete critical summary of a systemic review reflecting the totality of evidence.

The safety requirements for chemical contaminants such as heavy metals and toxic elements, pesticide residues and microbial contaminants are similar in Hong Kong and Canada, but there are important differences (Supplementary Material 2). For example, Hong Kong has put emphasis on the some toxicity tests including the mutagenicity test and the reproductive and development toxicity test, as well as dose related toxicity tests; whereas Canada has more emphasis on testing for impurities that may cause toxicity, such as mycotoxins, solvent residues and incidental impurities, related substances and process impurities. Canada also has listed clear guidelines on the performance tests of the finished products (11, 12). These differences significantly increase the time and cost burden to manufactures hoping to license/register products in multiple jurisdictions.

Finally, Proprietary Chinese Medicines manufacturers raise concerns about inconsistent requirements from regulatory authorities with respect to packaging and labeling (25). In 2020, the regulatory body in Hong Kong updated guidelines regarding labels and package inserts of Proprietary Chinese Medicines (26, 27) while requirements on labeling and packaging for Proprietary Chinese Medicines are comparatively less specified in Canada (28).

As a component of traditional medicine, Proprietary Chinese Medicines create unique challenges for regulators in countries outside those where the products are traditionally used due to their complex nature and use within health paradigms that differ from Western biomedicine. It appears that safety and quality parameters may be the easiest to think about harmonizing as these parameters may be the least impacted by health paradigm differences. Agreement across regulators regarding which tests are required/acceptable to prove safety and quality would significantly increase the efficiency of the regulatory process for both manufacturers and regulators (Supplementary Material 3). With the development of global standards on submission, review and authorization of these products, manufacturers could submit the same testing data to multiple regulatory agencies. And regulatory agencies could consider fast tracking the review of products that were already approved in other countries that share similar standards.



CONCLUSION

Knowledge of the Proprietary Chinese Medicines product license application procedure and requirements in Hong Kong and Canada, and understanding their similarity and differences will enable the applicants to develop an appropriate strategy for gaining product approval. Exploring ways to harmonize the regulatory process has potential to benefit manufacturers, regulators, and patients by increasing efficiency and decreasing costs.
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Aims: Recently, the use of novel remote monitoring technologies (RMTs) in trials has gained much interest. To facilitate regulatory learning, we evaluated qualification opinions (QOs) and advices (QAs) and scientific advices (SAs) of the Committee for Medicinal Products for Human Use (CHMP) to gain insight in the types of devices that are intended to be used in clinical trials for supporting/submitting application for obtaining marketing authorization (registration trials) and the main recommendations of the CHMP.

Methods: QOs, QAs, and SAs of the CHMP that assessed RMTs between 2013 and 2019 were eligible for our study. The following information was extracted from the documents: year of advice/opinion, device and endpoints used, type of endpoint (primary, secondary, exploratory, or safety), and main recommendations of the CHMP.

Results: In total two QOs, four QAs, and 59 SAs were included in our study (total of SAs between 2013 and 2019 = 4,054). In the SAs, accelerometers to measure activity and/or sleep parameters (n = 31) were the most frequently used devices, followed by mobile applications (n = 6) and glucose monitoring devices (n = 6). Usually, these measures were proposed as secondary or exploratory endpoints (n = 32). The main recommendations of the CHMP were related to relevance of the (novel) outcome measure; validation; precision, accuracy, sensitivity, and specificity; compliance; sampling interval; and data handling and privacy.

Conclusions: Although there was a trend toward an increased use over time, the use of RMTs in registration trials is still relatively rare. In the absence of formal European regulatory guidance on mHealth technologies, insight in the main recommendations of the CHMP may stimulate the use of novel RMTs in a regulatory context.

Keywords: remote monitoring devices, European Medicine Agency, scientific advices, qualification advices, qualification opinions


INTRODUCTION

In recent years, remote monitoring technologies (RMTs) have rapidly evolved and gained increasing interest of health technology industry, clinicians, medicine developers, and regulators (1). Several public–private initiatives have emerged that provide platforms for collaborations between patient, clinical, and research communities as well as mHealth companies to promote new developments, provide guidance, and take patient and consumers views into account. The Duke Margolis Center, for example, convened a working group of experts, including the Food and Drug Administration (FDA) and released a set of recommendations on how to promote efficient and ethical research-capable technologies such as mHealth apps and wearables for real-world evidence generation (2).

RMTs offer new opportunities to assess novel endpoints or possibly better ways to measure existing endpoints. With these technologies, endpoints can be assessed in the home environment, which has several advantages. For example, measurements are less time point dependent and are able to capture fluctuations in disease activity and activity patterns, such as differences between weekdays and weekends. Next to this, less visits to clinics are necessary, which may decrease participation burden and promote participation. Furthermore, endpoints can be assessed with high frequency, which improves data completeness and sensitivity. Lastly, RMTs offer objective ways for real-time outcome measurement and may reduce white coat effects.

From a regulatory perspective, it is important that novel endpoints are reliable, accurate, sensitive to change, and validated for purpose of use. The Clinical Trials Transformation Initiative (CTTI), a collaboration between pharma companies, academics, and the FDA, issued recommendations on the development of novel endpoints generated by mobile technology for use in clinical trials (3). These recommendations focus on optimizing novel endpoint selection as well as practical approaches to the novel endpoint development process. In Europe, the Heads of Medicines Agency (HMA)/European Medicines Agency (EMA) Task Force on Big Data has released a subgroup report on “Social Media and M-Health Data” that explored social media sites and mHealth technologies that could be valuable to support medicine regulation decision-making and its main challenges in using these data for regulatory purposes (1). Furthermore, as of June 2020, the EMA published Questions and Answers (Q&A): Qualification of digital technology-based methodologies to support approval of medicinal products (4). This Q&A document does not contain comprehensive guidance but reflects the EMA's current experience, and further considerations may be added as the EMA's experience increases. However, it does provide some important recommendations to consider for successful qualification of digital technology-based methodologies.

In the European regulatory context, the EMA provides three different procedures for device manufacturers and pharma companies to obtain feedback from the Committee for Medicinal Products for Human Use (CHMP). First, a qualification opinion (QO) issues an opinion on the acceptability of a specific use of a novel methodology in the context of research and development (5). This opinion is publically available on the EMA website and based on the assessment of data submitted to the EMA. The CHMP can also issue an advice on protocols and methods that are intended to develop a novel method with the aim of moving towards qualification (5). Additionally, the CHMP can provide medicine developers advice on study protocols, including endpoint selection, of a medicinal product with the aim of marketing approval (6). Both qualification advices (QAs) and scientific advices (SAs) are confidential and only provided to applicants.

The aim of the current study was to evaluate the scope and types of RMTs that are currently intended to be used in clinical trials for supporting/submitting application for obtaining marketing authorization (registration trials). Furthermore, we systematically collected the main recommendations and attention points of the CHMP concerning endpoints that are generated by mHealth technologies by evaluating the QOs, QAs, and SAs of the CHMP between 2013 and 2019 that covered RMTs.



METHODS

SAs, QAs, and QOs of the CHMP of the EMA were evaluated on the use of RMTs in registration trials that were issued between 2013, and 2019. QAs and QOs that assessed novel endpoints or improved established endpoints measured by mHealth technologies that can be used in a remote setting were included in our study. Likewise, SAs that covered studies using endpoints measured by RMTs were eligible for our study (inclusion criteria). We excluded advices and opinions that covered technologies that were solely used for the following: to document questionnaires and patient-reported outcome measures, for the delivery or administration of medicinal products, in animal studies or other preclinical studies, for therapeutic purposes, and non-electronic devices (exclusion criteria). In case more than one SA covered the same medicinal product and indication, only the first advice was included in our study.

QOs on novel methodologies for medicine development were accessed through the EMA website (https://www.ema.europa.eu/en/human-regulatory/research-development/scientific-advice-protocol-assistance/qualification-novel-methodologies-medicine-development) and QAs and SAs through the internal EMA database that contains these confidential documents. First, we identified potentially relevant documents in this database using the search terms “device” and “electronic.” Next, we additionally searched the database using the following search terms that were based on findings of the first step: actimeter, actigraphy, actimetry, wearable, accelerometer, GPS, smartphone, and six specific names of commercial RMTs. All QAs and SAs that were identified using these search terms were carefully read to determine whether or not they met the inclusion and exclusion criteria. Likewise, only QOs that met the inclusion and exclusion criteria were included.

From the QOs and QAs, we extracted the following information: the device used and novel outcome measure(s), date, and main recommendations of the CHMP. Likewise, we collected information on the device(s) used and outcome measure(s), date, type of endpoint(s) (primary, secondary, or exploratory), and main recommendations of the CHMP of the SAs. In case an endpoint was proposed by the applicant as a primary (or secondary) endpoint, but this was not endorsed by the CHMP, the opinion of the CHMP was adopted. Since both QAs and SAs are confidential, we could not provide any information that could lead back to a specific medicinal product (SAs) or a novel endpoint (QAs). Therefore, results from these documents are presented at an aggregated level. This approach was approved by the legal departments of the Dutch Medicines Evaluation Board (MEB) and EMA.



RESULTS

Two QOs [stride velocity 95th percentile in Duchenne muscular dystrophy (7) and proactive in COPD (8)], four QAs, and 59 SAs met our inclusion and exclusion criteria. The number of SAs that included RMTs tended to increase over time, especially in 2019; however, the total number of SAs that the EMA issued also increased over time (Figure 1).


[image: Figure 1]
FIGURE 1. Number of scientific advices that included remote monitoring technologies and total number of scientific advices per year. SAs, scientific advices; RMTs, remote monitoring technologies.


In a majority of the 59 SAs, accelerometers were proposed (n = 31) to monitor different activity and/or sleep parameters (Table 1). Other common devices included remote electronic peak flow, glucose, blood pressure, and heart rhythm measurement devices. In six QAs, mobile applications (apps) were considered for outcome measurement. These included apps to perform active tests (n = 2) and more complex mobile apps that combined both active and passive monitoring (n = 4). In a majority of cases, these mobile apps were proposed for measuring disease activity in neurologic or psychiatric disease areas (n = 5).


Table 1. Overview of remote monitoring devices and outcome measures of the scientific advices.

[image: Table 1]

Subsequently, we determined for what type of endpoints the RMTs were proposed in the SAs. The majority of RMTs were proposed as secondary or exploratory endpoints (Figure 2). Furthermore, in 12 SAs, it was not entirely clear for what type of endpoint the applicant intended to use the outcome measure. In the majority of these cases, there was no clear distinction made between secondary or exploratory endpoints. In eight SAs, the measurement was accepted by the CHMP as a primary or co-primary endpoint. Furthermore, in one SA, the RMT was not endorsed by the CHMP, and an alternative method to assess the outcome measure was proposed. Lastly, in one SA, the RMT was intended to be used for outcome measurement in an explorative natural history study. Safety measures included the following: ketone or hypoglycemia measurement (n = 2) and remote measurement of QT/QTc intervals or detection of arrhythmias (n = 3).


[image: Figure 2]
FIGURE 2. Type of endpoints as measured by remote monitoring technologies. *In this scientific advice (SA), the remote monitoring technology (RMT) was not endorsed by the Committee for Medicinal Products for Human Use (CHMP) and another method for outcome measurement was proposed by the CHMP; #in this SA, the RMT was used in an explorative natural history study.


The main questions and recommendations of the CHMP for applicants of the QOs, QAs, and SAs are summarized in Table 2. The main questions and concerns of the CHMP were related to (1) the relevance of the (novel) outcome measure for the disease; (2) validation of the novel outcome measure; (3) precision, accuracy, sensitivity, and specificity of the novel endpoint; (4) compliance and handling of missing values; (5) sampling interval; and (6) data handling, accessibility, and privacy. In case the novel endpoint was expected to be an improved measure compared to the established outcome measure, not all recommendations of Table 2 do fully apply. This was acknowledged by the CHMP. Additionally, applicants frequently asked the CHMP questions relating to the medical device regulation. However, this is not the remit of the CHMP, and applicants were advised to direct these questions to a notified body.


Table 2. Main concerns and questions of the CHMP for the applicants.
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Some attention points of the CHMP will be illustrated. Applicants should provide information on compliance with a technology and handling of missing values. Selective non-compliance might be an issue, especially if compliance is relatively low. In case of mobile applications for instance, patients may be less likely to perform active tests when they experience more symptoms. This might partly be prevented by instructing the patient to perform the test every day at the same time, and electronic reminders such as alarms. Furthermore, the use of medication trackers might be relevant, especially for conditions with clear on/off states such as Parkinson's disease where patients can experience much more symptoms when levodopa starts to wear off (category D: compliance).

For many novel endpoints generated by RMTs, sampling intervals need to be determined. In case of “stride velocity 95th percentile in Duchenne muscular dystrophy measured by a wearable and valid device,” a recording period of 180 h per month was chosen [QO, (7)]. Argumentations were that (A) variability decreased up to a plateau after this recording period, (B) this period seemed short enough to be used as a baseline measurement and long enough to cover week-to-week variations in activity, (C) disease progression is not expected during this period, and (D) patient burden was not considered to be too strenuous (category E: sampling interval). This sampling interval was endorsed by the CHMP.

Since RMT data need to be stored and transported to the research site, data handling and privacy issues need to be addressed. In case of the QO of stride velocity 95th percentile in Duchenne muscular dystrophy, a risk analysis was conducted by the applicant and considered acceptable by the CHMP. One reason that privacy was not a big concern in this QO was that the data recorded were only motion sensors of wrist and ankles, and no private information such as GPS location or name and address could be retrieved from the wearable device and system measures (category F: privacy and data handling).



DISCUSSION

The present study shows that the use of RMTs in a regulatory context is still relatively rare, and the majority of RMTs were proposed for measurement of secondary or exploratory endpoints. The most commonly used RMTs are accelerometers that can evaluate both measures of activity and sleep. Other RMTs include mobile apps that track disease activity, electronic peak flow meters, continuous glucose monitoring, blood pressure and heart rhythm monitoring, and remote cough measurement devices. Most recommendations of the CHMP apply to all novel endpoints and are not specific for mHealth technologies, such as relevance of the novel endpoint for the indication of interest; validation with current golden standard and legacy endpoints; and sensitivity, specificity, accuracy, and precision of the novel endpoint. Recommendations that are more specific for RMTs include good compliance and acceptability of the novel technology and guarantee of optimal data security and privacy.

Currently, comprehensive guidance on the development of novel endpoints generated by mHealth technologies is lacking in Europe. However, the EMA recently published a Q&A on the qualification of digital technologies (4), and globally, several other initiatives in this field exist. The CTTI, a public–private partnership between the FDA, academics, and pharma companies, was created in 2007 to develop practices that will increase the quality and efficiency of clinical trials. The CTTI project “Novel Endpoints” issued recommendations for the development of a novel endpoint generated by mobile technologies, including a stepwise approach for the development process (3, 9). This approach consists of a first section that describes a pathway for selection of outcome assessment, mobile technology, and patient population as well as a second section that addresses specific development steps for a mobile technology-derived outcome assessment into an endpoint for regulatory clinical trials (9).

The importance of most of the steps of the CTTI approach is also stressed by the CHMP. One exception is the CTTI recommendation to develop a user manual. This was not explicitly recommended by the CHMP in the QOs and QAs we evaluated, possibly because this was already provided by most applicants. Furthermore, in its approach, the CTTI emphasizes the importance of patients' and caregivers' insights in the selection process of meaningful health aspects, concepts of interests, and specific measurements. Although the CHMP specifically requested information on the correlation of novel endpoints with outcome measures such as quality of life and patient-reported outcome measures (PROMs) in many advices and opinions, this specific point of attention was made less clear by the CHMP in the documents we evaluated regarding RMTs. In general, in the assessment of novel endpoints generated by RMTs, the CHMP focused on validation of the new outcome measure with a golden standard or legacy measure that are usually part of the CHMP guideline for the corresponding disease. Although patient organizations and individual patients currently participate in several boards, committees, and working parties of the EMA, including SA and ad-hoc expert groups (10), patients' views on selection of novel endpoints and technologies could get a more prominent place in the EMA's procedures.

Many organizations underline the importance of pre-competitive collaboration, for instance for the development of industry-wide standards for the collection and reporting of data captured by mobile technologies and algorithms used to convert the data into medically meaningful endpoints (2, 9). Several of these collaborations exist (11–14), including different Innovative Medicines Initiative (IMI) projects such as IMI WEB-RADR that developed a mobile app for adverse drug reaction reporting (15). The Duke-Margolis Center for Health Policy also recommends to create such collaborations in their mHealth action plan for real-world evidence generation that they released in collaboration with the FDA (2). They propose a learning mHealth research community, in which patient representatives, analytics tool companies, device and pharma industries, clinical societies and healthcare centers, researchers, payers, and regulators participate. In their plan, the mHealth research community should consist of four learning areas that focus on patient engagement, clinician engagement, methods and tools for using mHealth data, and defining fit-for-purpose.

In Europe, the HMA-EMA Joint Big Data Taskforce issued a subgroup report on social media and mHealth data (1). They recommended to bring relevant stakeholders together to promote the use of innovative mHealth technologies and facilitate learning of regulators on topics such as technological capability, data quality, and analytical methodologies for mHealth technologies. Next to this, they advised to liaise with medical device regulators to ensure effective regulation of mHealth devices. Furthermore, regulators could contribute to data quality by more proactively defining expectations, for instance by defining to what extent and type of validation is required for different types of mHealth data, and considering the need for specific regulatory guidance. Lastly, they recommended to explore how apps and mHealth devices might be used within pharmacovigilance and post-authorization research. Although this subgroup report was a good starting point, it did not provide specific guidance on the use of mHealth technologies in registration trials. Possibly, this might (partly) explain why our study shows that RMTs are infrequently used in the regulatory context up until 2019, despite recent technological developments.

As of June 2020, the EMA published a Q&A on the Qualification of digital technology-based methodologies to support approval of medicinal products (4). Although this document is not intended as comprehensive guidance, it provides some key recommendations for successful qualification. As expected, most points addressed in this Q&A were also identified by the evaluation of opinions and advices of our study, which were issued before this Q&A was available. However, some recommendations were not explicitly mentioned in our overview of the main recommendation of the CHMPA. These include (1) rationale to support the added benefit as compared to traditional methods; (2) evolution of the device throughout the validation program, what changes were made to the system, when, and their potential impact; and (3) ensuring the correct use of the technology by a best practice guide. Furthermore, the Q&A emphasizes the importance of “the context of use” as a critical reference point for regulatory assessment of any qualification application. In this context, the impact of the use of different digital technologies (e.g., bring your own device) should be discussed, and a risk management plan should be provided, including for example information on interference with other applications on the device, effect of upgrades, etc. Lastly, the Q&A contains some practical recommendations such as early interaction with EMA during the development process.

To the best of our knowledge, the current study is the first study that systematically evaluates the opinions and recommendations of the CHMP on the use of RMTs in QOs, QAs, and SAs. Next to this, our study provides insight in the current use of RMTs in a regulatory context. Limitations of our study are that we focused on RMTs that measure efficacy and safety endpoints. We excluded advices and opinions that covered technologies that were solely used to measure compliance and devices that were only used as e-diaries or questionnaires, even if these devices were used to assess efficacy or safety outcomes. Furthermore, detailed recommendations for validation of composite scores, for instance in case of mobile apps combining passive and active tests, were considered beyond the scope of this research. Next, we could have erroneously excluded relevant advices and opinions in case they did not match our search terms. However, this seems less likely given our extended second search round using search terms based on the results of our first search. Lastly, despite our detailed evaluation, we could have overlooked some recommendations or opinions of the CHMP in the QOs, QAs, and SAs, since this part of our research was qualitative by nature.

In conclusion, our study shows that, despite the current pace of technological innovation, the use of RMTs in the regulatory context is still relatively limited. In the absence of formal European guidance on the use of mHealth technologies, our study provides insight in the main recommendations and attention points of the CHMP. These include relevance of the novel endpoint for the indication of interest; validation with current golden standard and legacy endpoints, including those endpoints that matter most to patients; sensitivity, specificity, accuracy, and precision of the novel technology; good compliance and acceptability; and guarantee of optimal data security, and privacy. The development of clear guidance for the use of mHealth technologies in registration trials might promote the development of novel improved endpoints and improve ultimately data quality and regulatory decision making.
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Diabetes Mellitus is one of the World Health Organization's priority diseases under research by the first and second programmes of Innovative Medicines Initiative, with the acronyms IMI1 and IMI2, respectively. Up to October of 2019, 13 projects were funded by IMI for Diabetes & Metabolic disorders, namely SUMMIT, IMIDIA, DIRECT, StemBANCC, EMIF, EBiSC, INNODIA, RHAPSODY, BEAT-DKD, LITMUS, Hypo-RESOLVE, IM2PACT, and CARDIATEAM. In general, a total of €447 249 438 was spent by IMI in the area of Diabetes. In order to prompt a better integration of achievements between the different projects, we perform a literature review and used three data sources, namely the official project's websites, the contact with the project's coordinators and co-coordinator, and the CORDIS database. From the 662 citations identified, 185 were included. The data collected were integrated into the objectives proposed for the four IMI2 program research axes: (1) target and biomarker identification, (2) innovative clinical trials paradigms, (3) innovative medicines, and (4) patient-tailored adherence programmes. The IMI funded projects identified new biomarkers, medical and research tools, determinants of inter-individual variability, relevant pathways, clinical trial designs, clinical endpoints, therapeutic targets and concepts, pharmacologic agents, large-scale production strategies, and patient-centered predictive models for diabetes and its complications. Taking into account the scientific data produced, we provided a joint vision with strategies for integrating personalized medicine into healthcare practice. The major limitations of this article were the large gap of data in the libraries on the official project websites and even the Cordis database was not complete and up to date.

Keywords: innovative medicines initiative, diabetes, complications of diabetes, personalized medicine, type 2 diabetes, type 1 diabetes


INTRODUCTION

Innovative Medicines Initiative (IMI) is a unique pan-European public and private partnership that pioneered large-scale open collaborations between large pharmaceutical companies, small and medium-sized enterprises, public authorities (including regulators), organizations of patients, academia, and clinical centers to throw bottlenecks in research and development (R&D) of new effective and safer medicines (1).

To implement the Innovative Medicines Initiative, the European Commission and the European Federation of Pharmaceutical Industries and Associations (EFPIA) hold joint responsibility for creating and operating a new non-profit international organization (1).

IMI aims to accelerate the discovery and development of more effective vaccines, medicines, and treatments with fewer side-effects, especially in areas where there is an unmet medical or social need. IMI intends to implement patient centered projects, prompting the patient access to innovative pharmaceutical options (1, 2). This initiative provide socio-economic benefits and contribute to the health of European citizens, minimize duplication of work at different organizations, increase competitiveness, and help to establish Europe as the most attractive and competitive site for innovation (1, 2).

The first programme of IMI (IMI1) was created by Council Regulation (EC) n.° 73/2008, of 20th December 2007. The overall aim was to support pre-competitive pharmaceutical research and development, through the funding of innovative patient-centered projects for the research of European health priorities defined by the World Health Organization (WHO) (3). IMI1 programme was based on four strategic interdependent areas (Four-pillars) namely Safety, Efficacy, Knowledge Management, and Education and Training (1). The vision of this programme consisted on the creation of new scientific knowledge and capabilities/techniques to support the ability to identify a lack of efficacy or safety quickly in all stages of the medicine development process, even when a potential medicine has promising pre-clinical data (1). In addition, IMI1 programme intended to support the benefit-risk assessment conducted by the regulatory authorities (1, 2).

For this initiative, the budget committed was €2 billion (2, 4). During the execution period of IMI1 programme (2008 to 2013), eleven calls for proposals were released, which resulted in 59 funded-projects (4, 5).

The success of the IMI1 programme prompted the European Commission and the European Federation of Pharmaceutical Industries and Associations to take the commencing of initiating a second IMI programme (IMI2) under the Horizon 2020 vision of “improve the health and well-being of populations, reduce health inequalities, and ensure sustainable people-centered health systems” (5). Innovative Medicines Initiative 2 Joint Undertaking was established by Regulation (EU) n.° 557/2014, 6th of May (6). The major research axes recognized for IMI2 were: target & biomarker identification, innovative clinical trial paradigms, innovative medicines, and patient tailored adherence programmes (5). This programme ran from 2014 to 2020 and the budget committed was up to €3.276 billion, half funded by the European Comission and the other part from EFPIA.

Diabetes mellitus (DM) is one of the eleven priority diseases addressed by IMI1 and IMI2 programmes in the Strategic Reseach Agenda. This is a chronic metabolic disorder characterized by a defined phenotype (hyperglycemia accompanied by greater or lesser impairment in the metabolism of carbohydrates, lipids, and proteins), triggered by either lack of insulin secretion or decreased sensitivity of the tissues to insulin (7–9). Worldwide, a majority of diabetic patients (80–90%) have type 2 diabetes (T2D) and 5–10% type 1 diabetes (T1D) (8).

In 2014, WHO estimated that the prevalence of diabetes could reach more than 20% of the world's population within the next 20 years (8, 10, 11). Besides, the diabetes-associated mortality rate has been increasing, being the seventh leading cause of death in 2016 (12), and the disease and its acute and chronic complications represent a major economic burden on the global healthcare system and the wider global economy (5). For all the factors, previously presented, WHO considered this disease as the pandemic of the 21st century (8).

With the purpose of slowing the increasing prevalence, decreasing the mortality rate and diminishing the economic burden of diabetes and its related complications, IMI focused on projects aimed at understanding T1D and T2D, developing new precision medicines, identifying better patient-focused outcome measures for diagnosis, treatment selection and prognosis of T1D, T2D, and complications of diabetes, as well as promoting better lifestyle management and adherence to prescribed medicines (1, 5).

IMI1 programme funded six projects in the Diabetes & Metabolic disorders field, namely: Surrogate markers for micro- and macro-vascular hard endpoints for innovative diabetes tools (SUMMIT), Improving beta-cell function and identification of diagnostic biomarkers for treatment monitoring in diabetes (IMIDIA), Diabetes research on patient stratification (DIRECT), Stem cells for biological assays of novel medicines and predictive toxicology (StemBANCC), European Medical Information Framework (EMIF), and European Bank for induced pluripotent Stem Cells (EBiSC).

In IMI2 programme, until October of 2019, seven projects were supported in the area of Diabetes & metabolic disorders (13). These projects were: Translational approaches to disease modifying therapy of type 1 diabetes: an innovative approach toward understanding and arresting type 1 diabetes (INNODIA), Assessing risk and progression of prediabetes and type 2 diabetes to enable disease modification (RHAPSODY), Biomarker enterprise to attack DKD (BEAT-DKD), Liver Investigation: Testing Marker Utility in Steatohepatitis (LITMUS), Hypoglycaemia–redefining solutions for better lives (Hypo-RESOLVE), Investigating mechanisms and models predictive of accessibility of therapeutics into the brain (IM2PACT), and Cardiomyopathy in type 2 diabetes mellitus (CARDIATEAM).

Of the 13 projects, one was targeted to type 1 diabetes—INNODIA, three to type 2 diabetes—DIRECT, EMIF, and RHAPSODY, four to complications of diabetes—SUMMIT, BEAT-DKD, LITMUS, Hypo-RESOLVE, and CARDIATEAM, and the remaining four were scientific-oriented—StemBANCC, EBiSC, IMIDIA, and IMI2PACT. A more detailed description of the projects and its objectives is available in Supplementary Material section.

A total of €447.249.438 was mobilized for Diabetes (€253.865.866 from IMI1 and €193.383.572 from IMI2), however there has not been a systematization of scientific production by the IMI-funded projects.

The purpose of this literature review was to summarize the project results of IMI1 and IMI2 programmes into the major research axes of IMI2 programme and propose a joint vision model including the data collected into two inter-dependent paths, one scientific-oriented and the other medical-oriented.



MATERIALS AND METHODS

The data sources used in this review were the IMI website, the official project websites, contact with the project coordinators and co-coordinators, and the CORDIS (The Community Research and Development Information Service) database. From IMI website it was collected the project's start and end date, the grant agreement number, the contributions, and the coordinators and co-coordinators' e-mail addresses. The aim of each project was retrieved from its official website. The sources of the publications were the project's official website, CORDIS database, and the contact via e-mail with the coordinators and co-coordinators (Table 1).


Table 1. Summary of sources and publications included in this study.
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The contacts with the coordinators and co-coordinators were conducted in January of 2019 and for non-respondents, a recall in February of 2019. This step was performed for all projects.

The literature research on the project's websites and the CORDIS databases was conducted from February 2019 to October 2019. In October 2019, a new consultation was conducted on the IMI website, and the new funded projects (IMI2PACT and CARDIATEAM) were included.

For SUMMIT's project, a total of 98 citations were screened, 52 from the SUMMIT's website and 46 from the CORDIS database. A total of 67 references were excluded: (i) duplicates−29, (ii) book chapters−2, (iii) not access to the full text−7, (iv) the publication's objective was not related to diabetes mellitus or its complications−9, and (v) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−20. For this project, a total of 31 articles were included.

For IMIDIA's project, a total of 29 citations were screened, 13 from the IMIDIA's website and 12 from CORDIS database. A total of 11 references were excluded: (i) duplicates−5, (ii) book chapters−1, (iii) the publication's objective was not related with diabetes mellitus or its complications−3, and (iv) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−2. For this project, a total of 18 articles were included.

For DIRECT's project, a total of 25 citations were screened on the list of publications sent by the project coordinator. Since this list is not available online (either on the project's website or on CORDIS database), we present it in the Supplementary Material section. A total of nine references were excluded: (i) duplicates−1, (ii) not access to the full text−2, and (iii) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−6. For this project, a total of 16 articles were included.

For StemBANCC's project, a total of 122 citations were screened, 91 from the StemBANCC's website and 31 from CORDIS database. A total of 103 references were excluded: (i) duplicates−30, (ii) book chapters−1, (iii) the publication's objective was not related to diabetes mellitus or its complications−71, and (iv) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−1. For this project, a total of 19 articles were included.

For EMIF's project, a total of 165 citations were screened, all from the EMIF's website. A total of 136 references were excluded: (i) duplicates−1, (ii) article's exclusion criterion was the presence of diabetes−1, (iii) the publication's objective was not related with diabetes mellitus or its complications−120, and (iv) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−14. For this project, a total of 29 articles were included.

For EBiSC's project, a total of 15 citations were screened, six from the EBiSC's website and 9 from CORDIS database. A total of 14 references were excluded: (i) the publication's objective was not related to diabetes mellitus or its complications (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−14. For this project, a total of one article was included.

For INNODIA's project, a total of 79 citations were screened, 47 from the INNODIA's website and 32 from CORDIS database. A total of 34 references were excluded: (i) duplicates−32, (ii) not access to the full text−1, and (iii) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−11. For this project, a total of 35 articles were included.

For RHAPSODY's project, a total of 39 citations were screened, 20 from the RHAPSODY's website and 19 from CORDIS database. A total of 28 references were excluded: (i) duplicates−21, (ii) book chapters−1, and (iii) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−6. For this project, a total of 11 articles were included.

For BEAT-DKD's project, a total of 90 citations were screened, 52 from the BEAT-DKD's website and 38 from CORDIS database. A total of 65 references were excluded: (i) duplicates−40, (ii) the publication's objective was not related to diabetes mellitus or its complications−10, and (iii) the publication's achievements did not allow to induce a scientific advance in Diabetes field (e.g., state of the art, outdated information, the article's data don't address an objective of the IMI2 programme)−15.

No results were identified in LITMUS, Hypo-RESOLVE, IMI2PACT, and CARDIATEAM projects.

The search and screening processes are summarized in Figure 1.
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FIGURE 1. Flowchart of literature search.


The results gathered in the literature review were integrated into the axes presented by the IMI2 programme, namely target & biomarker identification, innovative clinical trials paradigms, innovative medicines, and patient-tailored adherence programmes.

The data collected was organized according to the objectives established for each axis by the Strategic Research Agenda (SRA).



RESULTS

In Target & Biomarker identification axis, from the 10 objectives outlined in SRA, those achieved were (1) identify and validate biological markers, tools and assays, (2) determinants of inter-individual variability, (3) understand the molecular mechanisms underlying the disease, (4) develop a platform of pre-clinical assays, and (5) develop systems models.

For the “innovative clinical trial paradigms” axis, the data applied two of the twelve objectives defined in SRA, especially (1) utilize innovative endpoints, trial designs, simulation and analytical approaches to devise new clinical trial paradigms and (2) develop innovative clinical endpoints.

In the innovative medicines axis, from the eleven objectives in SRA, those with results were: (1) identify new or alternative therapeutic concepts (targets) for treatment and prevention of disease, (2) develop novel therapeutic agents and disease prevention strategies, and (3) as implement new approaches for the development and production of biopharmaceuticals and tissue engineering.

Lastly, from the seven objectives in SRA, the data collected for maximizing patient-tailored adherence programmes address only one goal, namely develop patient-centered predictive models.

In short, the outline of the projects with results in the research axes of the IMI2 programme, namely target & biomarker identification, innovative clinical trials paradigms, innovative medicines, and patient-tailored adherence programmes, is displayed in Figure 2.
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FIGURE 2. Projects' distribution according to their outcomes and the axes of the IMI2 programme.


No outputs were identified in LITMUS, Hypo-RESOLVE, IMI2PACT, and CARDIATEAM projects, as these were starting close to or during the literature search process.

Due to the quantity and diversity of data collected, we summarized the results obtained by each IMI funded-project in figures that are presented in Supplementary Material section.

A wide range of biomarkers have been identified for the onset of type 1 diabetes (14–24) by INNODIA; for risk prediction (14, 15, 17–21) and identification of patients at high-risk of type 2 diabetes (25) by SUMMIT, IMIDIA, DIRECT, and EMIF; for pancreatic β-cells function and protection by RHAPSODY (26, 27) and INNODIA (14, 16, 22–24); for hyperglycemia by RHAPSODY (28); for protection, prediction, initiation, progression, patient stratification, and medicine efficacy of diabetic kidney disease (DKD) (29, 30) by SUMMIT and BEAT-DKD (31–39); for development of cardiovascular disease (CVD) by SUMMIT (30, 40, 41); and for the development of diabetic retinopathy (DR) by SUMMIT (30, 42, 43).

Additionally, several novel tools were identified for diabetes, T1D, T2D, diabetic complications, and genetic research. The tools for diabetes intended to diagnose and monitoring disease progression [IMIDIA (44–49), DIRECT (50), and RHAPSODY (51)]. The tools designed for T1D were focused on monitor β-cell function, screen individuals at high risk, and select the more benefic intervention [INNODIA (15, 52, 53)]. For T2D, a new test was proposed to follow-up patients' insulin treatment need [EMIF (54, 55)]. Regarding diabetic complications, new tools were developed to enable the detection of patients at high risk of developing CVD and DR [SUMMIT (30, 56, 57)]. At last, in genetic research area, new tools were validated for the identification of single nucleotide polymorphism [SUMMIT (58–61) and StemBANCC (62, 63)].

Concerning the novel determinants of inter-individual variability, SUMMIT (43, 60, 64–72), IMIDIA (46, 49, 73–76), DIRECT (50, 77–82), EMIF (83–89), INNODIA (22, 23, 90–93), and RHAPSODY (27, 28, 94, 95) proposed a significant number of genetic markers for predisposition, initiation, identification, and progression of diabetes and its complications. Additionally, SUMMIT and DIRECT verified the influence of genetic factors in patients' medicine-response (96–101), and BEAT-DKD identified a non-genetic inter-individual therapeutic variability factor, i.e., NT-proBNP levels (37, 102, 103). DIRECT also confirmed the influence of gut composition (99, 100), age of diagnosis (50), year of diagnosis (104), and BMI factors (105) on the onset of diabetes, and EMIF showed the association with other factors such as ethnicity and metabolic health on T2D risk and development of complications (106). Moreover, two models of patient stratification were proposed, one by INNODIA for glycemic control in patients with T1D (107) and another by RHAPSODY and BEAT-DKD related with the identification of the patient's risk level for certain diabetic complications (108).

Novel relevant pathways were proposed to understand β-cell development and function [by IMIDIA (109–113), StemBANCC (114–119), and RHAPSODY (27)], type 1 diabetes (by INNODIA (16, 20, 23, 120–125), type 2 diabetes [by DIRECT (50), EMIF (85, 126–130), and Rhapsody (131)], CVD [SUMMIT (30, 132) and INNODIA (133)], DKD [BEAT-DKD (32, 36, 134–138)], DR [SUMMIT (30, 42, 43)], endometrial cancer risk [EMIF (139)], dementia [EMIF (140)], non-alcoholic fatty liver disease [EMIF (54, 55, 141–143)], anorexia or bulimia [INNODIA (125)], and attention-deficit hyperactivity disorder [INNODIA (125)].

In terms of pre-clinical studies, StemBANCC (114, 144, 145), EBiSC (146, 147), and IMIDIA (45, 49) proposed innovative iPSCs lines derived from diabetes and created their own databases; StemBANCC, INNODIA and RHAPSODY developed three catalogs, namely β-cell' Bi-DOCS (148), HLA-I peptidome of β-cells (21) and cis-eQTLs for T2D (149); IMIDIA (44–49), StemBANCC (144, 150), and RHAPSODY (151) established several protocols to improve the reliability of laboratory studies; and SUMMIT (30, 152, 153) and IMIDIA (46) developed new specific animal models.

Regarding systems models, two new in silico models were generated by SUMMIT (30), one for clinical complications in T1D and the other for aspirin action. In addition, BEAT-DKD proposed three models associated with DKD, namely the Drosophila nephrocyte to reveal mechanisms of podocyte function and glomerular diseases (154), the systems biology to better prediction of patient's medicine- response (155), and an in-silico analysis to identify compounds reversing a set of renal age-associated genes associated with the disease's progression (32).

For clinical trials, two novel design models were proposed, one by DIRECT and a second by BEAT—DKD: the Genotype-based Recall (GBR) (156) and “umbrella” or “platform” trials (157, 158), respectively. Regarding the innovative clinical endpoints, DIRECT validated a prediction model for T2D–DIRECT-DETECT, which may be used in the selection process in clinical trials (159, 160).

New potential therapeutic targets were suggested for the treatment of accelerated atherosclerosis in diabetic patients (161) (SUMMIT), for treating glomerular disease in T2D patients (36, 135, 162–164) (SUMMIT), for T2D patients with obesity (165) (EMIF), for counteracting hyperglycemia in individuals with T2D (166) (IMIDIA), for prevent or reverse β-cell loss [IMIDIA (167), StemBANCC (114, 116, 168, 169) and INNODIA (14, 90, 120, 121, 170–172)], and for diabetes with a focus on the use of new concepts such as epitranscriptome-based therapy by RHAPSODY (173), StemBANCC (114–116, 168, 169, 174), EMIF (86), and RHAPSODY (173). In terms of novel pharmacologic agents for T2D, SUMMIT developed the clinical trials of Aleglitazar (175), RAAS inhibitors (176), and supported the use of low-dose aspirin for the secondary prevention of cerebro-cardiovascular events (177).

Furthermore, DIRECT demonstrated the cardio-metabolic benefit of metformin (178), BEAT-DKD supported the clinical efficacy of SGLT2 inhibitors and GLP1R agonists in diabetic patients with DKD (179, 180), and StemBANCC established four different stem cell-based replacement treatments (181–183). For large-scale production, StemBANCC demonstrated that the continuous peristaltic pump-based circulation technology, in a hydraulically driven bioreactor, can be a potential 3D tool and a key in this process (184).

Lastly, it was established two patient-centered screening tools for T2D, more precisely the “palette” model, based on molecular taxonomy, and the DIRECT-DETECT prediction model, composed by glycaemic deterioration biomarkers (159, 160, 185).



DISCUSSION

Based on the objectives of the IMI funded-projects and the results previously mentioned, we propose an integrated model addressing diabetes in its multiple dimensions, which includes two inter-dependent paths that should be executed in parallel, the first one being more scientific-oriented and the second one medical-oriented, as illustrated in Figure 3.
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FIGURE 3. Integrated vision model for diabetes, based on the objectives and results of the IMI funded-projects. Color meaning: gray, general population; green, individuals at low risk of diabetes; yellow, individuals at medium risk of diabetes; orange, individuals at medium-high risk of diabetes; red, individuals at high risk of diabetes; dark orange, individuals at high risk of DKD; dark red, individuals at high risk of CVD; brown, individuals at high risk of DR; light red, individuals at high risk of NAFLD; and light orange, individuals at high risk of hypoglycaemia. BEAT-DKD, Biomarker Enterprise to Attack DKD Project; CARDIATEAM, Cardiomyopathy in Type 2 Diabetes Mellitus Project; CVD, Cardiovascular diseases; DIRECT, Diabetes Research on Patient Stratification Project; DKD, Diabetic Kidney Disease; DR, Diabetic Retinopathy; EBiSC, European Bank for induced pluripotent Stem Cells Project; EMIF, European Medical Information Framework Project; Hypo-RESOLVE, Hypoglycaemia, Redefining Solutions for Better Lives Project; IMIDIA, Improving Beta-cell Function and Identification of Diagnostic Biomarkers for Treatment Monitoring in Diabetes Project; INNODIA, Translational Approaches to Disease Modifying Therapy of Type 1 Diabetes: An Innovative Approach Toward Understanding and Arresting Type 1 Diabetes Project; LITMUS, Liver Investigation: Testing Marker Utility in Steatohepatitis Project; NAFLD, Non-Alcoholic Fatty Liver disease; RHAPSODY, Assessing Risk and Progression of Prediabetes and Type 2 Diabetes to Enable Disease Modification Project; StemBANCC, Stem Cells for Biological Assays of Novel Medicines and Predictive Toxicology Project; SUMMIT, Surrogate Markers for Micro- and Macro-Vascular Hard Endpoints for Innovative Diabetes Tools Project.


The scientific dimension would include the acquisition of more biological samples and genetic data and with the help of SUMMIT, IMIDIA, EBiSC, StemBANCC, EMIF, and IMI2PACT promote the research on β-cells as well as validate new biomarkers, genetic markers, patient stratification, discover more molecular mechanisms/pathways, and develop new treatments for T1D, T2D and diabetic complications. Besides, this approach aims at conducting clinical trials with more safety and efficacy endpoints through the application of those identified by SUMMIT, DIRECT, INNODIA, and BEAT-DKD to allow a marketing authorization of innovative medicines/therapeutics in a shorter time, less expensive and more focused on personalized medicine.

The medical dimension would include the use of predisposition markers developed by IMIDIA, DIRECT and INNODIA to identify people at higher risk of developing diabetes, with a particular interest in T2D, promoting the possibility of early intervention mainly in lifestyle habits, diet and physical exercise, and thus delaying the disease. Following the natural cycle of the disease, the objective would be to diagnose the recent-onset patients, through imaging technologies, tools and patient-centered models for clinicians developed by DIRECT, IMIDIA, INNODIA and RHAPSODY. Subsequently, the characterization of the subtype of patient and the treatment selection would be performed through the application of the DIRECT, INNODIA or RHAPSODY/BEAT-DKD stratification models and considering the inter-individual factors that impact the patient's response to the therapeutic agents identified by SUMMIT and DIRECT. The monitoring of disease progression would be possible in case of implementation of biomarkers, genetic markers and tools created by SUMMIT, IMIDIA, DIRECT, INNODIA, EMIF and RHAPSODY, with adaptations of pharmacological treatment dose or medicines changes in case of inadequate response. Additionally, with the use of biomarkers, genetic factors and tools developed by SUMMIT and BEAT-DKD, it would be possible to identify patients who during the progression of the disease, are more likely to develop diabetic complications, enabling to act in advance. With the application of imaging technologies developed by SUMMIT and EMIF and the information provided by BEAT-DKD, LITMUS, Hypo-RESOLVE, and CARDIATEAM, it would also be possible to predict the identification of patients with diabetic complications, especially diabetic nephropathy, diabetic retinopathy, cardiovascular disease, hypoglycemia, and non-Alcoholic Fatty Liver disease. Through the use of genetic factors and biomarkers developed by SUMMIT and BEAT-DKD, it would be desirable to select the best pharmacological treatment option according to the patient's characteristics and then monitor the follow-up to retard/stabilize its progression.

Summarizing, our integrated vision model supports a clinical model directed primarily and mainly at prevention, through the individual genetic and biological knowledge; as a first-line intervention, acting in the delay of diabetes onset; and in cases of diagnosis, to promote treatment according to the subtype of patients and monitor the progression of the disease. Only in this way, it will be possible to decrease the incidence and mortality rate of diabetes, provide an increase in the patient's quality of life, ensure sustainable people-centered health systems, and minimize direct and indirect diabetes-related costs in health systems.

Overall, it was found that the target & biomarker identification and innovative medicines axis have more published data. This was because these were major bottlenecks addressed by IMI 1 programme and included goals that corresponded to the key unmet needs in Diabetes during the programme's execution period 2008–2013.

Our literature review is subject to some limitations. When collecting the projects' data, we found a large gap in their publication's library, mainly SUMMIT, IMIDIA, and DIRECT projects. On SUMMIT website, there were only publications between 2010 and 2014, however, on the Cordis database, we found publications up to 2018. Similarly, although the IMIDIA website only included publications from 2011 and 2012, the Cordis database had articles until 2014. Regarding the DIRECT project, its website had only assembled the publications of the participating companies, all published before obtaining funding. Other limitations include the unsuccessful response from the project's coordinators and co-coordinators, and the CORDIS database was also not updated and complete.



CONCLUSION

In order to reduce the incidence, the mortality rate, and the economic burden on healthcare systems, as well as to improve disease management, until October of 2019, IMI1 and IMI2 programmes funded 13 projects encompassing several bottlenecks identified for R&D and clinical practice in Diabetes area.

Taking into account the scientific production available by these projects, we prepared a joint vision model including two paths: one scientific-oriented and the other medical-oriented. The scientific dimension integrates the current knowledge regarding this disease, research tools, as well as clinical trial designs and endpoints to allow marketing authorization of new effective and safer medicines in a shorter time and less expensive. The medical dimension includes the application of predisposition markers (biological and genetic), diagnostic tools, stratification models, treatment selection, and monitoring the progression of the disease to prevent/delay the development of diabetic complications.

As IMI programmes fostered the enhancing of knowledge and the improvement of the medical practice (with better tools, medicines, and prediction models), being a big step for the implementation of personalized medicine, it is clear that this initiative has an important role in the scientific advances that have occurred in recent years.

In terms of future perspectives, the biggest bottleneck will be the implementation of the proposed joint vision model, or a similar one, into the clinical practice, although all IMI-funded projects highlight this trend as the only one able to provide an effective response in the treatment of chronic diseases, in particular diabetes, and there are already proves of shifts in the paradigm. Nevertheless, the involvement of key stakeholders, including patients, will always be essential to the success of this process.
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Background: Investigational and marketed drugs for the treatment of multiple myeloma (MM) are associated with a range of characteristics and uncertainties regarding long term side-effects and efficacy. This raises questions about what matters most to patients living with this disease. This study aimed to understand which characteristics MM patients find most important, and hence should be included as attributes and levels in a subsequent quantitative preference survey among MM patients.

Methods: This qualitative study involved: (i) a scoping literature review, (ii) discussions with MM patients (n = 24) in Belgium, Finland, Romania, and Spain using Nominal Group Technique, (iii) a qualitative thematic analysis including multi-stakeholder discussions.

Results: MM patients voiced significant expectations and hopes that treatments would extend their lives and reduce their cancer signs and symptoms. Participants however raised concerns about life-threatening side-effects that could cause permanent organ damage. Bone fractures and debilitating neuropathic effects (such as chronic tingling sensations) were highlighted as major issues reducing patients' independence and mobility. Patients discussed the negative impact of the following symptoms and side-effects on their daily activities: thinking problems, increased susceptibility to infections, reduced energy, pain, emotional problems, and vision problems. MM patients were concerned with uncertainties regarding the durability of positive treatment outcomes, and the cause, severity, and duration of their symptoms and side-effects. Patients feared short-term positive treatment responses complicated by permanent, severe side-effects and symptoms.

Conclusions: This study gained an in-depth understanding of the treatment and disease-related characteristics and types of attribute levels (severity, duration) that are most important to MM patients. Results from this study argue in favor of MM drug development and individual treatment decision-making that focuses not only on extending patients' lives but also on addressing those symptoms and side-effects that significantly impact MM patients' quality of life. This study underscores a need for transparent communication toward MM patients about MM treatment outcomes and uncertainties regarding their long-term efficacy and safety. Finally, this study may help drug developers and decision-makers understand which treatment outcomes and uncertainties are most important to MM patients and therefore should be incorporated in MM drug development, evaluation, and clinical practice.
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INTRODUCTION

Patient preference studies use qualitative and quantitative methods to understand which treatment and disease-related characteristics (efficacy outcomes, side-effects, and symptoms) are important to patients, how important they are to patients, the trade-offs patients are willing to make between these characteristics, and how preferences may vary according to individual patient characteristics (1–3). Stakeholders involved in drug development and evaluation—such as drug developers, regulators, Health Technology Assessment (HTA) bodies and payers—have acknowledged the potential value of using patient preference studies to inform their respective decisions (4–6). More specifically, patient preference studies could: (i) reveal the patient perspective on unmet treatment needs in early drug development, (ii) inform the development of patient reported outcome measures and the selection of clinical trial endpoints, (iii) help understand which are the key favorable and unfavorable effects and uncertainties in regulatory benefit-risk assessment, (iv) quantify the relative importance of treatment characteristics in HTA and payer decisions, and (v) inform the development of decision aids used in shared individual treatment decision-making between patients and clinicians (1, 4–18).

On the regulatory level, the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) intend to systematically include preference studies in regulatory benefit-risk assessment (4–6, 19–21). Mirroring the FDA's efforts toward guidance surrounding patient preference studies, the EMA aims to develop guidance on appropriate methods for patient preference study design, conduct, analysis, and presentation for regulatory purposes, to ensure that high quality methodologies are applied (4). A reflection paper by the EMA details opportunities for the development of new guidelines by the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH). These guidelines will aim to provide a globally harmonized approach to inclusion of the patient's perspective in a way that is methodologically sound and sustainable for both regulated industry and regulatory authorities (22). From the HTA/reimbursement perspective, the National Institute for Health and Care Excellence (NICE) argues that patient preference studies could be used to inform the selection of clinical trial endpoints, and inform regulatory benefit-risk assessment, echoing the EMA's viewpoints (23). In addition, NICE sees a role in preference studies for informing their HTA assessment alongside other types of clinical and economic evidence (23, 24). Similarly, drug developers more often include preference studies in their drug development plans, regulatory, and HTA submissions (25).

However, while stakeholders have expressed an interest in using patient preference studies to inform their respective decisions, previous research has revealed that more evidence-based preference study development is needed to build methodological and practical knowledge and address uncertainties regarding the design, conduct, and use of patient preference studies (1, 10, 26). In response to this, several research projects, such as the IMI PREFER project, have been initiated by drug developers, academic researchers, as well as HTA bodies and regulatory agencies. Such projects aim to investigate how patient preference studies could inform decision-making, and how such studies could be designed to meet methodological requirements of stakeholders involved in these decisions (27–29).

A crucial initial step in patient preference studies is the use of qualitative data collection for identification of the key attributes and levels of importance to patients for inclusion in the subsequent quantitative phase of the study. Attributes are the key aspects that impact patients' choices toward treatments and include benefits, risks or other clinical and non-clinical aspects that influence the desirability or acceptability of medical interventions (30). Therefore, attributes of key importance to patients may align decision-making with patient's perspectives both in the individual treatment decision-making context (16–18), as well as in decision-making regarding drug development, authorization, and reimbursement. Attribute levels are the values or categories used to characterize the performance of a treatment (31). As qualitative methods provide in-depth and meaningful information from patients, their use is recommended for the development of attributes and levels. Qualitative methods with patients may reduce the potential for misspecification of attributes through overreliance on the views of experts and researchers (27, 28). In doing so, using qualitative research for the development of attributes and levels may improve the validity of subsequent quantitative preference surveys. Therefore, by combining both qualitative and quantitative methods in preference studies, the data collected on patient preferences is likely to be more comprehensive, meaningful, and a valid interpretation of the true patient perspective (32). However, qualitative preference research that informs subsequent preference surveys remains underreported, creating uncertainty regarding the methodological and practical application of these methods and results for informing subsequent quantitative preference surveys.

Eliciting preferences from Multiple Myeloma (MM) patients is especially valuable in view of the rapid development of various novel MM treatments with substantial effects on survival, toxicity, efficacy, and related long-term uncertainties. Among patients and various stakeholders, the impact of these treatments on patients' lives, attitudes and choices toward treatments is largely unknown. MM is the second most frequent hematological malignancy after non-Hodgkin lymphoma, accounting for 1% of all cancers and 10% of blood cancers (33, 34). MM is characterized by a proliferation of plasma cells in the bone marrow, typically accompanied by the secretion of monoclonal immunoglobulins (M-proteins or paraproteins) (35). This proliferation causes symptoms such as skeletal damage, hypercalcemia, renal insufficiency, anemia, and infections (36). Because MM disrupts the normal functioning of the bone marrow, damages the bones and causes kidney failure, MM is considered to be a debilitating and life-threatening disease. Despite several drugs being available, MM has been labeled an incurable disease and only half of the diagnosed patients live longer than 5 years (33).

New MM treatments are currently being developed that have different side-effect profiles, mechanism of action, and efficacy from those currently available. More specifically, innovative treatments currently under development, such as bispecific T-cell engagers and chimeric antigen receptor therapies (CAR-T), have shown to be efficacious but also associated with severe risks such as cytokine release syndrome (an acute systemic inflammatory syndrome characterized by fever and multiple organ dysfunction) and neurotoxicity's (such as encephalopathy, aphasia, delirium, tremor, and seizures) (37). Differences between treatments, based on varying benefits and risks, raise the question about how MM patients value these treatment aspects. Furthermore, decisions surrounding MM treatment can be labeled as “preference sensitive” decisions where: (i) multiple treatment options exist and there is no option that is clearly superior for all patients; (ii) the evidence supporting one option over others is considerably uncertain or variable and (iii) patients' views about the most important benefits and acceptable risks of a treatment vary considerably within a population and may differ from those of healthcare professionals (20).

Therefore, given the lack of valid, meaningful, and comprehensive qualitative research on MM patient preferences, the present study aimed to understand which characteristics MM patients find most important, and hence should be included as attributes and attribute levels in a subsequent preference survey. By pursuing these objectives, this study derives experience-based learnings regarding the design, conduct and analysis of qualitative research aiming to develop attributes and levels for inclusion in subsequent preference surveys in the context of drug development and evaluation. Such methodological learnings may foster the development of a standardized approach to be used by all stakeholders across disease areas, and serve to include a validated patient preference framework for drug development, allowing for future comparisons of patient preference studies and their results.



MATERIALS AND METHODS


Study Context

The Patient Preferences in Benefit-Risk Assessments during the Drug Life Cycle (PREFER) project is a 6-year public private partnership that received funding from the Innovative Medicines Initiative (IMI) 2. This project seeks to guide drug developers, regulatory authorities, and HTA bodies (including reimbursement agencies and payers) on how and when patient preference studies should be performed and how the results can be used to inform decision-making. The initial phase of the PREFER project included discussions with a broad representation of stakeholders such as patients, patient organizations, regulatory authorities, HTA bodies, and reimbursement agencies that expressed interest in preference studies, and revealed the need to further explore and test preference methods (1, 7, 9, 10, 26). Therefore, this study has been developed in the context of recommendations formulated by IMI PREFER. The results of PREFER are expected to lead to changed practices, in that stakeholders will routinely assess whether a preference study would add value at key decision points in the medicinal product life cycle and, if so, implement patient preference studies according to the PREFER project recommendations (38).



Study Design

This study was designed and executed according to: (i) the recommendations on qualitative data collection and analysis methods for initial attribute development (39, 40); (ii) the steps describing attribute and level development in health preference research formulated by Bridges et al. (41); (iii) the criteria described by Hensher et al. (42) regarding what constitutes “good” attributes; (iv) the framework method for thematic analysis described by Lacey and Luff (43) and (v) the recommendations for reporting the results of a qualitative preference study (40).

Following recommendations by Hollin et al. (40), Coast et al. (39), and Bridges et al. (41), this paper describes: (i) the rationale for the methodological steps and choices taken to develop attributes and levels; (ii) a detailed description of the included participants; (iii) details regarding the practical steps and setting of the qualitative study including the recruitment, discussion guides, involved researchers; (iv) details of the subsequent steps including the transcription, translation, and analysis and (v) the results of the qualitative study.



Study Phases

To understand the key characteristics of importance to MM patients, a qualitative study was completed in three phases (Figure 1). Several preference studies attest to the usefulness of qualitative methods with patients and advocate for the use of literature reviews to inform the development of attributes and levels (31, 39–41, 44). Therefore, this study involved three phases, whereby each phase informed the subsequent phase (Figure 1): (i) a scoping literature review, (ii) discussions with MM patients using Nominal Group Technique (NGT), and (iii) a combined quantitative and qualitative thematic analysis involving multi-stakeholder discussions with patients, patient organizations, clinicians, and preference research experts.


[image: Figure 1]
FIGURE 1. Design of the qualitative study consisting of three phases: (i) a scoping literature review, (ii) discussions with MM patients using Nominal Group Technique (NGT), and (iii) analysis involving multi-stakeholder discussions with patients, patient organizations, clinicians, and preference experts. The subsequent quantitative study will be conducted using the attributes and levels identified in the present qualitative study. MM, Multiple Myeloma; NGT, Nominal Group Technique; EMA, European Medicines Agency.



Phase 1: Scoping Literature Review

The scoping review aimed to identify potential relevant characteristics (treatment outcomes, symptoms, and side-effects) for grading in subsequent patient discussions using NGT. Bridges et al. (41) recommend that attribute development should be supported by evidence on the potential range of preferences and values that respondents of the preference survey may hold. Therefore, the list of treatment characteristics that was used for the NGT (Appendix 1, section 3) was informed by a scoping literature review of: (i) the attributes and key results of published preference studies conducted among MM patients (Appendices 2, 3), (ii) favorable and unfavorable effects of MM treatments already assessed by EMA that includes characteristics of treatments already being prescribed to patients (Appendices 4, 5) and (iii) primary and secondary endpoints and adverse events reported in phase 3 MM clinical trials in the European Union (EU) to ensure the attribute list captured treatment characteristics of therapies in development; this was done so that in the discussions patients would be able to discuss potential “future” treatment outcomes and side-effects, even though they had not yet experienced them (Appendices 6, 7).

Searches for published preference studies among MM patients were conducted in PubMed and Embase (see Appendix 2 for the selection procedure). The search queries included free text terms in title and/or abstract and Medical Subject Headings (MeSH) and included synonyms for the following two concepts: “multiple myeloma” AND “patient preferences.” The database searches yielded 250 publications. Publications were included if they reported preferences from MM patients. Conversely, studies were excluded if: (i) preferences were not elicited from patients (e.g., only from caregivers or clinicians); (ii) no preference method (qualitative/quantitative) was applied; (iii) no preferences were reported (e.g., study protocols) and (iv) the study focused on: patient preferences for whether or not patients are willing to participate in decision-making, patient preferences for remote monitoring, or if the study investigated whether patients do or do not want to receive information. The results were screened in a 2-fold manner. First, the title and abstract were screened based on the in- and exclusion criteria. Afterwards, the full text was reviewed against the same criteria. From the database searches, 15 publications were included in the review. Subsequently, the following information was extracted (Appendix 2): (i) first author and year; (ii) type of publication; (iii) research objective; (iv) participants; (v) preference method(s) used; (v) attributes/items/factors identified or used in the study and (vi) key results. To develop a final list of characteristics for grading (Appendix 1), the treatment characteristics that emerged from the scoping review were combined and then grouped with both the characteristics of treatments being prescribed to patients (Appendices 4, 5) and with the characteristics of treatments included in phase 3 MM clinical trials (Appendices 6, 7).



Phase 2: Discussions With Multiple Myeloma Patients Using Nominal Group Technique


Objectives and Rationale

Phase 2 aimed to: (i) understand which characteristics, including those identified in phase 1, were most important to MM patients, and hence should be included as attributes in the subsequent preference survey that quantifies the relative importance of these attributes; (ii) understand the factors and dimensions influencing patient choices; what determines whether patients would take, not take, or discontinue a certain treatment, and hence should be included as attribute levels and (iii) understand the language patients use to describe symptoms, treatment outcomes, and side-effects, and hence should be the language used to describe the attributes and levels.

To reach these objectives, discussions with 24 MM patients in Belgium, Finland, Romania, and Spain were held (see “Recruitment, study population, and setting” for a rationale for including these countries). The discussions used NGT, a type of focus group discussion methodology, that asked patients to rank and reach consensus on the most important characteristics (see “step-by-step procedures”). While standard focus group discussions use open discussion throughout, NGT is a consensus focus group methodology that differs from standard focus group discussions. In addition to providing a format for open discussion, NGT includes a structured four-stage process and a methodology for capturing participant responses and with inclusion of prioritization and participant's individual and collective perspectives. NGT is specifically suited to identify attributes due to its structured approach and grading methodology; the grading allows researchers to select and understand which treatment characteristics are most important and hence should be used for developing the attributes in the subsequent preference survey. Furthermore, NGT has the advantage over other qualitative consensus methods as it ensures groups to reach consensus in a short period of time (39).



Patient Involvement and Piloting

In addition to inclusion in NGT discussions, MM patients, and MM patient organizations were involved in all steps of research. MM patients and/or MM patient organization members provided written and oral feedback on all patient materials including the information sheet, informed consent, answer sheet (including explanatory parts), and questions. All patient documents were first translated by a professional translation company to the native language of participants, and subsequently revised for accuracy and understandability by patients, patient organizations, and clinicians.



Recruitment, Study Population, and Setting

Hematologists performed the recruitment at their respective hospitals and were asked to ensure a diverse patient population was invited to participate in the discussions. It was anticipated that several individual patient characteristics—such as socio-demographics, disease stage and treatment experience—could influence participants' opinions and rankings. The goal was to ensure that the attributes and levels identified in this study were not directed only to patients with a specific treatment exposure, disease history, age or country of origin; but rather toward all patients along the MM spectrum. Therefore, during recruitment, heterogeneity in terms of treatment experience, disease stage, age, and country was introduced as much as possible. During sampling, hematologists used the following inclusion criteria: (i) patients diagnosed with symptomatic MM; (ii) patients ability to understand the language to be used in the discussion and (iii) patients ability to participate in the discussion.

Recruitment sought to include between 5 and 7 MM patients across four countries: Belgium, Finland, Romania, and Spain. These countries were included to account for potential differences in patient characteristics and, as mentioned above, to increase heterogeneity and thereby ensure the identified attributes and levels were not only relevant to a particular type of patient. While McMillan et al. (45) describes that most NGTs include between 2 and 14 participants, a maximum of seven is recommended as a much larger number would delay the phased process of the NGT discussion, which aims to reach consensus in a short time span (up to 2 h). Therefore, minimally 5 and maximally 7 patients were included in each country. There are no guidelines that define how much data, and hence, participants should be included in qualitative research (30). Instead, saturation is often used to define when data collection can stop (30, 32, 46). Saturation is defined as the point when “no new information or themes are observed in the data” (47). Hennink et al. (48) state that when the goal is to identify “core” issues, few discussions could be enough to reach data saturation, and some studies have reached saturation after 4–6 focus groups (30, 32, 46). Since the goal of our study was to identify core, overarching attributes, it was expected that data saturation could be achieved by including between 5 and 7 MM patients in four countries (n = 24 across all countries). Following qualitative data collection, it appeared that the same themes of treatment attributes were observed across different countries. Hence, it was decided that saturation was reached and no additional data was needed to inform the attributes and levels.

The discussions were organized at a location convenient for participants, between April and November 2020, and considered the implications of the coronavirus (COVID-19) pandemic; discussions were organized either face-to-face or online, according to the preference of participants and recommendations set-out by hospitals regarding patient contact.



Step-by-Step Procedures

As part of the recruitment process, an invitation letter was sent to those expressing interest in the study and fulfilling inclusion criteria (see “Study recruitment, population and setting”). Potential participants were contacted to verify their willingness to participate and if so, arrange the practicalities of the discussion. The information sheet and informed consent was provided to participants in their own language. Both documents were provided to participants prior to the discussion, and the informed consent form was signed by all participants before the discussion. As preparation for the discussion, participants were invited to complete an answer sheet containing three sections: (i) participants' background characteristics, including Chew's Set of Brief Screening Questions (Appendix 1, section 1); (ii) open questions probing for treatment characteristics of importance (Appendix 1, section 2) and (iii) a grading exercise asking patients to grade the treatment characteristics identified in the scoping literature review from 1 (= not important at all) to 5 (= very important) (Appendix 1, section 3). The NGT discussion consisted of the following four steps (Appendix 8): (i) idea, (ii) round robin, (iii) clarification and finalization of the list of attributes, (iv) grading and consensus.

Each discussion was conducted by a person fluent in the native language of the participants. The discussions lasted around 90 min, were voice-recorded and included a break of ~10 min. The audio-recordings were transcribed verbatim by a professional transcribing company in the original language and then translated to English. To ensure patients' opinions were accurately reflected in the subsequent analysis and development of the attributes and levels, the moderators were closely involved in the subsequent analysis (see phase 3).




Phase 3: Analysis Involving Multi-Stakeholder Discussions

In the final phase, a combined quantitative descriptive analysis of patients' rankings and iterative qualitative thematic analysis of the discussion transcripts was used to determine overarching themes of prioritized treatment characteristics relevant to all participating patients, regardless of their treatment exposure, disease history, age, or country of origin.


Quantitative Analysis

Participants' self-reported characteristics, as obtained through sections 1 and 3 of the answer sheet (Appendix 1) were analyzed descriptively using Microsoft Excel. Patient characteristics were tabulated for all patients together and for each of the questions asked in Appendix 1. ANOVA and Fischer exact tests were performed to investigate statistically significant differences between groups of participants and countries. Health literacy was determined using Chews' set of brief screening questions (49). The grades for the characteristics were calculated per country to derive rank orders and averages at country level. To obtain a final rank of the themes pertaining to treatment characteristics, the averages for each theme were calculated by combining the previously calculated averages obtained in the four countries.



Qualitative Analysis

The qualitative analysis took into account the following criteria and best practices for attribute and level development; therefore, attributes and levels should be:

• Relevant to patients and/or policy-makers, plausible, capable of being traded, unambiguous, distinctly different from other included attributes, comprehensive, and of salience to respondent's decisions (39, 40);

• Inclusive of all aspects that might be important for an individual in coming to a decision (28, 39);

• Not too close to the latent construct such as overall quality of life (28);

• Not have such a large impact on decisions that large numbers of respondents of the quantitative survey make no errors when deciding, such as overall happiness with the alternative treatments presented in the preference survey (28);

• Not intrinsic to a person's personality, these aspects need to be considered in analyzing and describing preference heterogeneity (28);

• Developed through an iterative, constant comparative analysis approach to continually modify and extend the attributes and levels to ensure that all key aspects can be incorporated through this modification (28);

• Inclusive of all aspects that might be important for an individual in coming to a decision, as ignoring important attributes and levels may bias findings; and qualitative methods to determine overarching attributes must encompass key themes combined with piloting to avoid bias (28);

• Created through a process consisting of conceptual development where the attributes and levels are identified, followed by refinement of language to ensure the intended meaning is conveyed toward the participants in the preference survey (28);

• Inclusive of all characteristics that potentially characterize the alternative treatments presented to participants in the preference survey, with consideration that some characteristics may be excluded if the alternative treatments are not plausible to subjects (39).

The framework method by Lacey and Luff (43) was used to develop overarching themes that capture prioritized characteristics for inclusion as attributes and levels (Table 1). The analysis was performed by a multi-stakeholder team including patients, patient organizations, clinicians, and academic preference research experts. Discussions with patients and patient organizations specifically sought to confirm whether the themes captured the most relevant characteristics for inclusion as attributes and levels, and whether the results described accurately represented their views. In particular, MM patients and/or MM patient organization members provided written and oral feedback on the relevance, comprehensiveness, and understandability of the themes of characteristics for inclusion as attributes and levels. Discussions with clinicians were held to confirm the clinical plausibility of the attributes and levels. Also, to ensure adherence to rules for attribute and level development, preference expert input was included. Finally, the attributes and levels were reviewed by MM patients to receive end-user feedback.


Table 1. Iterative steps of the qualitative thematic analysis using the framework method.
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RESULTS


Participants' Characteristics

In total, 24 MM patients (6 per country, 4 countries) agreed to participate. The average response rate across countries was 46%. Reasons for not participating were: (i) research topic was not in their field of interest; and (ii) not willing to communicate in groups. The mean age across countries varied between 60 and 65 years (M: 61 across all countries, range 46–73). Most participants had a Masters' degree (42%) followed by a Bachelor (25%) or High school degree (25%). Most participants (58%) described their activity level as “not my normal self, but able to be up and about with fairly normal activities” (fair mobility), followed by “normal, without any limitations” (no limitations; 25%) and 13% identified themselves as “not feeling up to most of the things, but in bed of chair less than half of the day” (sedentary) (Appendix 9). Most participants (88%) did not live alone at the time of the discussion. Many participants were employed (50%) or retired (42%). The median participant received their MM diagnosis at the age of 55. Participants were heterogeneous in terms of how long they had received their diagnosis; ranging between 18 years ago to the same year of the discussion.

Nearly all patients (96%) were on treatment at the time of the discussion. Across countries, participants were most frequently treated with proteasome inhibitors (PIs) (50%), immunomodulating agents (IMiDs) (46%) and steroids (46%), followed by supportive treatments (33%, e.g., calcium and vitamin D supplements, pain medication) and monoclonal antibodies (mAbs) (21%). Participants were previously treated with an average of three different regimens (one treatment line referring to one drug or a combination of drugs given for a specific time duration) at the time of the discussion and the number of treatment lines across participants ranged between one and seven previous treatment lines. Fifty-eight percentage of patients indicated that they suffer from at least one of the following chronic health problems: heart rhythm disorders, prostate hypertrophy, hypertension, hypothyroidism, glaucoma, renal insufficiency, diabetes, and arthritis. The vast majority (83%) of participants indicated that they were not in frequent contact with a patient organization. Across countries, the majority of participants had a high (46%) or moderate (42%) health literacy.

Statistical tests (Fischer exact and ANOVA) revealed no significant differences between the patient groups of the different countries, regarding their age (F = 1.61, p = 0.22), gender (X2 = 1.90, p = 0.81), education (X2 = 8.01, p = 0.62), work status (X2 = 10.76, p = 0.05), contact with patient organizations (X2 = 3.72, p = 0.22), other chronic health problems (X2 = 6.73, p = 0.08), health literacy (X2 = 2.99, p = 0.93), and number of treatment lines (F = 2.64, p = 0.09).

However, there were statistical differences in activity level (X2 = 10.78, p = 0.03), living situation (X2 = 4.70, p = 0.04), enrolment in clinical trial (X2 = 8.33, p = 0.04), and years since diagnosis (F = 3.28, p = 0.04). In particular, the Finnish group had a better activity level than the other groups; 67% of the participants considered their activity level as “normal, without any limitations.” Further, only 50% of the Finish group was not living alone vs. 100% in the other countries. Regarding clinical trial enrolment, nearly all Finnish participants were currently (50%) or previously (30%) enrolled in a clinical trial, as opposed to the other countries, where nearly equal distributions were observed (42% yes vs. 54% no). Spanish participants were more recently diagnosed with MM (M: 1 year since diagnosis) vs. Belgian participants (M: 9 years) (see Appendix 9 for a full overview of participants' characteristics).



Themes Capturing Prioritized Characteristics for Inclusion in Attributes and Levels

Patients across countries and with varying disease and treatment experiences reached consensus on the importance of the following eleven attribute themes (outcomes, side-effects, and symptoms): life expectancy, life-threatening side-effects, treatment response, mobility problems, thinking problems, infections, reduced energy, pain, emotional problems, eating and digestive problems, and vision problems. These attribute themes are categorized below into: (i) favorable effects: treatment outcomes considered desirable or beneficial, and (ii) unfavorable effects: side-effects and symptoms negatively impacting patients' life expectancy and/or quality of life.

Regarding the types of attribute levels, patients highlighted the importance of specifying the duration and severity of the treatment effects as it would determine their treatment choices. In particular, patients expressed the fear of short-term positive treatment outcomes and long-term negative effects. Conversely, several expressed that transient side-effect are more acceptable. Patients were also afraid of symptoms and side-effects that are so severe, in that sense that they would hamper them in performing their daily activities. Therefore, severity and duration were specified as attribute levels.

Patients highlighted the importance of both life expectancy and quality of life: “as many years with the best quality of life as possible” and highlighted that the balance between the treatments' effect on their life expectancy and quality (would) determine their individual treatment choices: “I would reconsider continuing treatment) if the impact on daily life is so great that the quantity of life (years) becomes less important than the quality of life.” Participants' willingness to accept a reduction in quality of life in return for an increased life expectancy differed across participants and depended on their individual situation and personal attitudes. In particular, participants who were older, had undergone more treatments, and had no young children, seemed to place more importance on quality of life related attributes (such as pain) rather than life expectancy, and vice versa. However, on average, life expectancy was graded the highest by MM patients, followed by side-effects and symptoms that significantly impact patients' life expectancy and/or quality of life.


Favorable Effects: Treatment Outcomes Considered Desirable or Beneficial


Life Expectancy

Increasing life expectancy was on average, the most important treatment outcome for patients across the four countries: “Lengthened life span is of course most important,” “I think that the most desirable effect of myeloma treatment would be longer life, and, I don't know whether this needs any justification as to why.” Depending on their personal context, participants described that they want to be there to see their children grow up, take care of their loved ones and be professionally active. MM patients described the negative psychological impact of the uncertainty of how long they had to live: “the sword of Damocles hanging over me.”



Treatment Response

Participants voiced significant expectations and hopes that treatments would work to successfully fight their cancer and extend their lives. Any improvement or positive treatment outcome was considered to be important: “Any improvement would be welcome.” Participants agreed that they want a treatment that will have lasting improvements in any signs and symptoms associated with their cancer and removal of cancer cells.

Many patients hoped for a complete remission, i.e., a complete removal of all cancer signs. Several participants acknowledged that cure—a complete and permanent elimination of all cancer cells—is not achievable with current treatments. However, to be cured permanently, was considered to be the ultimate treatment goal by some patients: “I am hoping that by continuing the treatment I will get cured.” Several also described that if the treatment would cure them, they would be willing to accept even those treatment side-effects that they had described as the worst treatment effects.

Positive laboratory and imaging tests were recognized as important indicators of a stabilization of cancer progression. The knowledge and interest of some participants regarding MM biomarkers was remarkable; several participants shared detailed experiences regarding their test results and the importance of positive laboratory and imaging findings. Patients also highlighted that test results impact their psychological well-being; despite burdensome symptoms and side-effects, positive results give patients hope and motivation to carry on: “To get that M-component to fall or become invisible; these are such improvements that they do make even some more difficult side-effects acceptable.” The importance of a sustained positive treatment response (inclusive of reduction in symptoms) was also noted.




Unfavorable Effects: Side-Effects and Symptoms Negatively Impacting Patients' Life Expectancy and/or Quality of Life


Life-Threatening Side-Effects

Patients were afraid of serious side-effects that are life-threatening and could (permanently) damage other (vital) organs: “Of course, any life-threatening side-effects (…) would make me think twice (…), as the side-effects would then be worse than the illness.” The following side-effects were raised: developing another cancer, stroke, heart failure, septic shock, and severe bleeding. Among these, the fear and uncertainty of developing another cancer was highlighted multiple times: “You also have psychological consequences, the fear of a secondary cancer.”



Mobility Problems

Participants discussed which physical symptoms and side-effects significantly reduce their independence and “control their life.” In particular, bone fractures were highlighted as major issues reducing patients' ability to move, and hence, reducing their independence and overall quality of life. Regarding bone fractures, several patients expressed the desire for an improvement in their “bone weakness” or a stabilization of their bone destruction. Aside from the negative physical impact of bone weakness, patients also described the negative psychological impact of these issues; the fear of being active due to a high risk of fractures: “So it's the fear to try to do something and get a fracture, like that, break a bone, that fear.” Vice versa, patients argued that an increased ability to move would improve their psychological well-being. Some participants added that bone pain could be both due to the disease as well as due to treatment with bisphosphonates. The importance of the duration and severity of their mobility problems was also stressed; while some patients expressed to be willing to accept temporary immobility, permanent immobility—requiring a rollator or wheelchair—was considered to be unacceptable by many. Patients also expressed the burden of the uncertainty of the duration of these problems: “When will I be able to ski? Will I ever be able to ski? To do the things we did before.”

Symptoms associated with nerve damage and subsequent mobility problems were also discussed extensively. These issues commonly occur in extremities [feet, legs (calves), hand, fingers] and are particularly burdensome because they limit patient movement. Examples of these symptoms are: chronic (strange) sensations or tingling (“pins and needles”); over-sensitivity of the skin and bruises; numbness or reduced physical sensations (i.e., “sleeping” feet, fingers, and toes). Furthermore, participants described weakness or stiffness in feet and legs causing instability: “Not having tingling in the feet. It makes walking difficult for me, the feeling of always having numb feet is very unpleasant.” Participants argued how improvements in these problems would be highly welcome: “If something was found that would improve the whole tingling sensation that has become chronic.” Participants hoped these effects would improve once the treatment is stopped. Several feared constant mobility problems related to neuropathic symptoms and raised the uncertainty related to the duration of these issues. Those participants who themselves did not experience permanent side-effects, admitted to the psychological trauma of watching and knowing other MM patients who were permanently immobile and dependent on others.



Thinking Problems

Patients expressed fear of cognitive changes that would affect their daily mental activities such as: difficulties to think clearly, concentrate and pay attention (e.g., difficulties in reading a book, watching TV), memory loss, lower levels of consciousness, hallucinations (seeing, feeling, or sensing things that seem real but are not), dizziness, and confusion. Patients feared permanent and severe thinking problems that may reduce their independence, such as permanent memory loss (dementia) and definitive forgetfulness. Patients both speaking from experience, as well as those who had not yet experienced these symptoms, stated that such problems may prevent them from performing their professional and daily activities: “Anything that could affect the brain or ability to concentrate (…) would really be a problem and would mean that I would have to give up my job which I really like and which forms a big part of my life.” Patients also felt that thinking problems may also result in a change to their identity, and negatively affect how they interact with others. Patients described how difficult it would be to have both thinking problems and mobility problems: “So then there is not much left because you cannot read a book, (…) you cannot even do something else with your thoughts. And then in fact you can hardly do anything anymore.” One patient also described how a lack of ability to think—“a complete loss of thinking”—makes it difficult to plan anything in the future.



Infections

Patients discussed the negative consequences, both physically and mentally, of having an increased susceptibility to infections: “so we are just afraid of infections, because our resistance is reduced” (…) especially in view of the COVID-19 pandemic: “Especially now in the corona crisis, it's not that I'm panicking, but I just keep my distance due to being afraid of infections because our resistance is so low.” Several specific infections and related problems were described such as lung infections, skin infections/disorders, throat infections, cold, flu, fever, and neutropenia.



Reduced Energy

Reduced energy and related problems, including extreme tiredness (also described as exhaustion, fatigue, complete lack of physical strength), sleeping problems, and breathlessness after minimal activity were discussed extensively. Patients described that these problems hinder them from performing daily activities, such as being physically active and independent and hence, significantly reduce their overall quality of life. Mirroring patients' reflections concerning the other side-effects, patients were afraid of permanent and severely reduced energy problems. Further, the psychological burden of having no physical strength and energy was highlighted: “I'm always a very positive person, but then, my partner was even shocked, that my morale was below zero.” One patient even mentioned having experienced such severely reduced energy to the extent of losing the ability to see clearly.



Pain

Among the several types of pain that MM patients experienced, the most frequent and severe pains patients discussed were: bone pain in the back, chest, feet or hips, muscle pain and cramps, for example in the legs, and nerve pain (sharp, burning, or jabbing pain caused by nerve damage): “I don't get up without back pain, after a walk I also have back pain.” The fear of constant and/or more severe pain was repeatedly mentioned, as well as the impact of pain on both the psychological and physical aspects of patients' life's: “Due to bone pain, many activities are not possible”; “What you have to do to feel less pain is find a posture in which you don't feel it, because of course, it stops you from doing lots of things.”

Some patients described that there is currently no treatment (including morphine) that alleviates their pain. Similarly, patients hoped for a treatment that would alleviate or eliminate their pain, and thereby help them perform their daily activities and be independent: “Above all, not feeling pain, when doing any daily activity.” A life without pain, was considered a (more) normal life: “To be able to have a normal life, without pain.” One patient described the unbearable pain experienced due to shingles and post herpetic neuralgia. Some patients also described episodes of headache on the day of treatment, painful urination, and extreme stomach aches following stem cell transplantation: “Severe stomach ache, I felt like I was on fire from the throat to the rectum.” One patient, however, mentioned to have never experienced any type of pain: “I'm atypical, in the sense that I haven't felt any kind of pain.”



Emotional Problems

Patients raised the following emotional problems: (i) easily becoming emotional or becoming less emotional (apathetic); (ii) becoming more aggressive; (iii) feeling depressed; and (iv) feeling insecure because of changes to your body such as: weight loss, weight gain, hair loss, dry eyes, stomach bloating, or abdominal distention—described by one patient as “9 months pregnant”—or loss of height due to compressed vertebrae. Patients were afraid of these problems as these often result in personality changes, are daily reminders of their cancer diagnosis and may also prevent patients from doing their daily activities. Several participants found changes to their body problematic as they had a negative impact on their emotional well-being: “Because, you immediately look different, you don't feel good in your body.” One patient highlighted that these problems are often considered less important by “outsiders” in comparison to other, life-threatening effects: “if you tell the doctors that too, and I understand that too, then it is seen as slightly less important.” It was not clear whether depression and becoming emotional were caused by treatment, the cancer directly, or because of knowing that their life might end soon. For emotional problems as well, the hope for non-lasting, temporary problems as opposed to permanent problems was expressed.



Eating and Digestive Problems

Nausea, vomiting, incontinence, constipation, diarrhea, loss of appetite, taste changes, and swallowing problems were all described as problems that significantly reduce patients' quality of life. As for other side-effects and symptoms, several patients were afraid that these problems would become permanent. One patient noted that these problems are problematic because they can lead to reduced social contacts. Whether or not patients had experienced these problems, as well as the severity of the problems they had experienced, depended on patients' particular treatment experience. For example, nausea, diarrhea (and consequently, reduced energy) was linked to treatment with lenalidomide. Some patients noted the burden of retracting gums and jaw problems that prevented them from eating properly and thought these problems were likely due to myeloma rather than treatments.



Vision Problems

Patients expressed the fear of suffering from (permanent) vision problems and becoming blind: “I indeed know a number of people who (…) lost sight. That's a bit of my biggest fear.” One patient experienced transient vision changes: “Certainly in the evening, when I am tired, I can hardly see.” Another patient noted that his vision problems could be due to treatment with lenalidomide. However, it remained largely unclear whether vision problems could be also side-effects of other treatments, due to the cancer itself or perhaps related to aging. For these problems as well, the hope for temporary side-effects as opposed to permanent changes was expressed.




Other Considerations Relevant for Myeloma Treatment


Preferences Differ According to Patients' Individual Characteristics and Experiences

Patients highlighted that their individual preferences were shaped by their previous treatment and disease experience. Particularly, whether they had experienced a certain symptom or side-effect, determined their views and preferences toward those symptoms and side-effects. Patients more frequently raised those symptoms and side-effects they had experienced, heard, or seen with other MM patients than those they or a close contact had never previously experienced: “When one has gone through these (side-effects), one can think differently from one who hadn't experienced these.” Whereas, frequent symptoms and side-effects were discussed often, (e.g., bone fractures) others, more new or rare symptoms, were discussed by one or few patients (e.g., vision problems). Aside from treatment and disease experience, it also appeared that age, working status, whether patients have carers (such as children) may be important in determining and understanding why patients place more or less value on certain treatment characteristics. Further, participants who were professionally active frequently emphasized the impact of side-effects that limit their ability to continue working (such as cognitive problems).



The Burden of Uncertainty

On several occasions patients discussed the psychological burden of uncertainties including the cause, duration, type, and severity of side-effects and symptoms: “What can be done about it, is it treatable or does it mean death? And will stopping (the treatment) help (…)? It's a terribly awkward thing.” Patients also expressed difficulty coping with the uncertainty of the duration of their side-effects and symptoms; patients were afraid that these side-effects would remain permanent or that the side-effects would permanently damage organs: “So I am also a bit scared; are there no side-effects that are permanent, I am of course also a bit scared, but I still hope that that they really will disappear.” Regarding uncertainties related to the cause of their problems, patients discussed that at times they we unsure if their symptoms are related to treatment or their myeloma. Some participants stated the importance of managing expectations and that knowing what side-effects to expect before beginning treatment, is important to help them decide whether or not to start or continue a treatment: “If it is known in advance, then it can be decided that I will not take this treatment because of it.” Participants also underlined the important role healthcare providers have in addressing these uncertainties: “Doctors don't say much about these future side-effects (…) In fact, I've had to find out about things myself (…) Maybe [if I had this information] it would have made it easier to accept them and to live with them.”



Hope for New Treatments

Increasing life expectancy was also important to patients as some believed it would increase the chance that during the course of their disease a new, and ideally curative, MM treatment would become available. Patients seemed to be motivated by the knowledge that new treatments are currently being developed and that perhaps one of the novel therapies would become available for them, and in time.



Treatability of Side-Effects and Symptoms

Some patients highlighted that when side-effects and symptoms “can be handled in some way,” they become manageable and therefore less “important” than side-effects or symptoms for which no treatments are currently available. For example, patients described that severe pains, the development of a new cancer, and cognitive changes are not treatable with current drugs, and therefore perceived as being worse: “That is, severe pain and the onset of another cancer can really be quite difficult. These problems can be something that can't be helped at all.”




Risk Tolerance Differed Across Participants

Participants seemed to accept that treatments will always have side-effects: “No matter what the treatment is, side-effects will appear. If I would fear the side-effects I would not be undergoing any treatment.” Naturally, they hoped for these side-effects to be as few and as mild as possible. However, the severity and number of risks patients were willing to accept in order to receive a certain benefit (i.e., their risk tolerance), differed across patients. Several patients noted that they were willing to accept even severe side-effects if that would be the condition to continue treatment. Others described only to be willing to accept severe side-effects on the condition that the treatment gives noticeable improvements in their disease.


Sharing Experiences Among Patients

Participants shared positive feedback regarding their participation in the discussion, they expressed a sense of comfort knowing that other patients experience similar issues. Some expressed that they were happy to be able to have participated in the discussion and share their experiences, feelings, and thoughts with other myeloma patients. The desire to continue the discussion after the focus group discussion was also expressed, as well as the suggestion of gathering via patient support groups.






DISCUSSION

This study identified treatment and disease-related characteristics (outcomes, side-effects and symptoms) and attribute levels that are key factors in determining treatment attitudes and choices by MM patients. In particular, MM patients across four European countries and with varying disease and treatment experience reached consensus on the importance of the following 11 themes of treatment outcomes, side-effects, and symptoms: life expectancy, life-threatening side-effects, treatment response, mobility problems, thinking problems, infections, reduced energy, pain, emotional problems, eating and digestive problems, and vision problems. Furthermore, this study highlights that MM patients are also concerned with the uncertainties regarding the durability of positive treatment outcomes, as well as the cause, severity and duration of their symptoms and side-effects. Regarding the attribute levels, MM patients feared only short-term positive treatment responses (benefits) but with permanent and severe side-effects and symptoms (risks) such as permanent severe pain or permanent blindness. Finally, this research presents and investigates a specific qualitative methodology in the context of patient preference studies, useful to further the methodological field and enable other researchers to investigate preferences and include results in decision-making that affects patients.

The attributes identified in this research will benefit stakeholders to identify priorities and unmet treatment needs for (new) treatments in MM. Specifically, results from this study point toward a need for MM treatment that not only focuses on extending patients' lives, but as well on improving those symptoms and side-effects that significantly impact MM patients' quality of life. Symptoms and side-effects explained and valued by patients are: mobility problems, thinking problems, increased susceptibility to infections, reduced energy, pain, emotional problems, eating and digestive problems, and vision problems. Furthermore, this research will inform what quality of life-related endpoints and outcomes are important to patients and should therefore be incorporated, in addition to traditional endpoints (such as progression-free survival and overall survival), in MM drug development and evaluation. Examples of HRQoL questionnaires commonly used in myeloma clinical trials are EORTC QLQ-MY2014, FACT-MM, EORTC-QLQ-C30, FACT/GOG-Ntx, and MDASI-MM. Among these, the FACT-MM, EORTC QLQ—MY20, and MDASI-MM are MM specific scales (i.e., including domains specifically related to MM) (50, 51). All of the items included in the MM specific scales were also identified in the current research, which is an important validation of our study results and vice versa, validates the work done to identify the items of these MM-specific scales. However, whereas these scales investigate patients' experience with these problems, the present study also reveals how important these problems are for patients, as well as why they are important and how they impact their lives. Further, this study reveals the following additional specific aspects of importance to MM patients, which are not included in all current MM-specific questionnaires: (i) fear of life-threatening effects, (ii) instability and strange sensations such as hypersensitivity of the skin, numbness or reduced physical sensations, (iii) weakness or stiffness of the legs, feet, toes, and extremities due to nerve damage, (iv) nerve pain, v) the following physical changes: weight loss, stomach bloating, loss of height due to compressed vertebrae, (vi) the following emotional changes: becoming apathetic, aggressive, depression, (vii) eating and digestive problems: such as nausea, vomiting, (viii) vision problems such as blurred vision, (vi) the psychological burden of coping with uncertainties about the durability of positive treatment response, the cause, duration, and severity of side-effects and symptoms.

Some of these additional findings may be explained by the fact that since the development of the HRQoL questionnaires, novel treatments with new side-effects and related uncertainties have been developed and administered to MM patients. For example, life-threatening neurotoxicity's and cytokine release syndrome are new side-effects associated with emerging treatments such as bispecific T-cell engagers and CAR-T therapies, which are not captured by previous questionnaires but in this study were captured in the context of life-threatening side-effects or side-effects that are so significant that they require hospitalization for monitoring (37). Further, (recently) approved drug therapies for MM have been associated with visual changes such as blurred vision and decrease visual acuity (52). The identification of these additional items provides a rationale for including these aspects in a next revision of the HRQoL questionnaires. Systematically including the items identified in this type of research in clinical development, regulatory benefit-risk assessment, HTA/reimbursement decisions and post-marketing decisions, could result in a more patient-centric drug development and evaluation process. Conversely, when there is no evidence that a MM drug targets any of the attributes identified in this study, it may be recommended that such evidence needs to be collected before or after marketing authorization and/or reimbursement and should subsequently be taken into account when designing clinical or real-world evidence research protocols.

This research revealed areas of importance where clear information about MM treatments is needed to inform drug development, regulators, HTA bodies, and healthcare providers. When there is a lack of knowledge and information, e.g., regarding the long-term effects and their severity, this uncertainty should be made public, in an accessibly way to patients. This starts from the clinical trial evidence reported by the pharmaceutical company toward regulators (in clinical trial databases, the marketing application and then reported on the European Public Assessment Report (EPAR), Summary of Product Characteristics (SmPC) and EMA website), and downstream when reporting the clinical trial evidence toward HTA agencies, healthcare providers and patients. MM healthcare professionals, patients, regulators and HTA bodies/payers should be able to easily retrieve this information in clinical trial databases, marketing materials and package inserts of MM drugs. Accurate and clear information about these aspects and uncertainties would result in more informed decision-making by regulators, HTA bodies, physicians and patients. Particularly in the clinical, individual treatment decision-making between healthcare providers and patients, transparent communication before and during treatment may increase patients' satisfaction with the treatment decision and motivation to start or continue a certain treatment and therefore result in better outcomes and patient quality of life as expectations are managed.

Finally, this study may inform the development of PREFER recommendations and future guidance regarding patient preference studies (and methodology) in the context of drug development and evaluation. More specifically, this study derives 10 experience-based learnings regarding the design, conduct and analysis of qualitative research aiming to develop attributes and levels for inclusion in subsequent preference surveys, useful for the PREFER recommendations and future guidance regarding patient preference studies (Table 2).


Table 2. Experience-based learnings regarding the design, conduct, and analysis of qualitative research for informing subsequent quantitative preference surveys in the context of drug development and evaluation −10 avenues for optimization.

[image: Table 2]

If preference studies are to inform drug development, regulatory, and reimbursement decisions, it is essential to reflect on how the key attributes and levels for inclusion in preference survey were identified. Misspecification of attributes may lead to biased findings, and hence, biased preference studies, hence undermining development, regulatory, and reimbursement decisions. It is therefore important to reflect on how the characteristics identified in this study compare to those identified in previous preference studies among MM patients. Comparing the attributes found in this study to those identified in the scoping review of previous preference studies (Appendix 2), reveals that a large portion of these studies used attributes that were not appointed by patients themselves but developed using top-down methods, starting from the perspective of researchers, developers or decision-makers. Previous preference studies have also used attributes that were associated with one specific therapy. In contrast, this study identified patient-relevant attributes across different therapies (for example, novel immunotherapies), countries and directly from myeloma patients. There are several potential reasons for differences in attributes identified across preference studies. Attribute identification, to date, is mostly done through studies involving literature reviews and qualitative empirical studies. Qualitative empirical research always requires contextualizing the results in view of the research setting. This implies that several factors may differ across qualitative studies, such as the selected sample, the stakeholder conducting study (e.g., a patient organization vs. a pharmaceutical company), the researcher or decision-makers' interests, the time of study and the specific questions asked. All of these factors need to be taken into account when looking at the results (i.e., the identified attributes) as a difference in any of these may already explain a difference in the identified attributes. Differences in methodology for attribute and level identification are likely triggered by uncertainties regarding the best methodological approach for this study type. While the present study derived experience-based learnings, the methodological field is continuously and rapidly evolving, and other qualitative study methods are also under investigation. Combining and comparing experiences and methodological understanding from different qualitative approaches will be useful to inform the development of a standardized approach for use by all stakeholders across disease areas. Furthermore, methodological understanding will assist with the development of a validated framework for designing and conducting preference studies aiming to inform drug development and evaluation.

Although the attributes reflect areas of consensus, there was heterogeneity with regards to the value each patient attached to the attributes. In particular, participants more frequently valued those symptoms and side-effects they had previously experienced. Further, participants who were older, had undergone more treatments, or had no young children seemed to attach more importance to quality of life related attributes (such as pain) than life expectancy, and vice versa. Participants who were professionally active frequently emphasized the impact of (cognitive) side-effects on their ability to continue working. Likewise, participants' willingness to accept more reduction in quality of life (i.e., symptoms and risk of life-threatening side-effects) in return for a potential increase in life expectancy differed across participants, depending on their individual situation and personal attitudes. These findings underscore the importance of further quantitative preference research that statistically substantiates these hypotheses and provides a quantified understanding of individual patients' values of life extension vs. symptom reduction vs. risk of life-threatening side-effects.

The existence of patient subgroups with systematically different preferences may be viewed both as a challenge and opportunity from the perspective of decision-makers (industry, drug developers, and HTA bodies) who develop, authorize and reimburse drugs for groups of patients and not for individual patients. In particular, it raises the question whether their decisions need to be tailored toward specific patient populations whose preferences align with the product characteristics being developed or evaluated. The existence of subgroups in the MM patient population with systematically different relative attribute values and risk tolerances may also inform the identification of key areas of unmet needs, benefits and risks for this relevant population. For example, a company could submit clinical evidence to apply for marketing authorization and reimbursement for the elderly, more treatment experienced MM population (also called the relapsed refractory RRMM) and clinical trial results may indicate that the treatment causes quality of life related problems (such as mobility, vision problems) in this population. If results from a preference study reveal that this population finds quality of life related attributes (such as mobility, vision problems) more important than life expectancy, then decision-makers should likely place more value on these risks during their assessment of treatment outcomes and ensure these risks are taken into account during their decision-making.

As for the limitations, it is important to reflect on the impact of the COVID-19 on this research. This is especially relevant since this study consisted of qualitative discussions with MM patients, who have a higher susceptibility to infections. Conducting this study during COVID-19 required flexibility from both participants and the study team. For the online and telephone discussions, it is likely that participants, who were not comfortable with online discussions or telephone (e.g., older participants), were less likely to participate. The study team tried to be as inclusive as possible during recruitment, by offering both face-to-face and online discussions, according to the preferences of the participants and the local social distancing and hospital guidelines. Further, technical support for participants was given throughout the entire study. A steps-wise guideline explaining the practicalities of the discussion beforehand, and ensuring there was an opportunity, before the session, for participants to test whether they could participate in the discussion. Still, the median age of diagnosis of patients included in this study was 55, which is 11 years younger than the median age reported by Kazandijan in 2016 and 14 years younger than the average age of diagnosis reported by ASCO in 2020 (53, 54). However, there was a large age range between the youngest and oldest patient (46–73), and therefore the attributes captured in this study for inclusion in the next quantitative phase also reflect those that are most important for elderly patients. Further regarding generalizability, it is important to note that the purpose of this study was not to make statements about a population larger than the included sample. Rather, it aimed to gain in-depth insight into the opinions of patients participating in the discussions including which attributes are important to them and why.

Participant heterogeneity in terms of treatment and disease experience [including the type of treatments received, disease stage (i.e., refractory level and number of previous treatments, experienced side-effects)] and demographic characteristics were introduced to avoid distortions in the data; it was envisioned that these personal characteristics and experiences could influence participants' opinions. Hence, heterogeneity among the focus group participants, particularly regarding their disease and treatment experience, triggered interactions between patients with varying backgrounds and facilitated discussions around a large range of symptoms, treatment outcomes, and side-effects, even though some individual participants (earlier diagnosed, with less treatment experience) had not experienced them themselves. The inclusion of a heterogeneous group of participants and their interactions, due to the focus group methodology, helped ensure that the identified attributes and levels are not geared to only patients with a particular background (e.g., with a particular therapy experience, disease experience, level of education). Likewise, to ensure that patients would be able to discuss “future” treatment outcomes and side-effects of novel treatments or treatments under development (i.e., symptoms they had not yet experienced themselves, such as those associated with bispecific T-cell engagers and CAR-T), the focus group discussions included endpoints and adverse events reported in phase 3 MM clinical trials from 2010 onwards (found in the literature review). Further, the attribute selection also captured the favorable and unfavorable effects of (recently) approved MM drug therapies.

The results of this (and other qualitative research) are time, study context and participant bound and hence need to be interpreted considering the specific time period and (drug therapy) context the study took place as well as in view of the type of participants that took part. For example, this study took place during COVID19 and this may have led to the fact that patients more frequently raised their increased susceptibility to infections. Further, the results should be viewed in the specific drug therapy context patients are experiencing currently; the MM treatment context is rapidly evolving and a significant number of new and emerging treatments have been introduced. These novel treatments are bringing prolonged survival but also potential side-effects of uncertain severities and duration on the long term. For example, new treatments such as novel immunotherapies (e.g., bispecific T-cell engagers and CAR-T) have been associated with (acute) side-effects and these may cause psychological and physical distress to patients. The introduction of these new therapies and rapidly evolving drug therapy context likely explains why patients expressed the psychological burden of their uncertainties related to their side-effects and efficacy outcomes, particularly regarding treatments only being marketed and prescribed for a relatively short time period. This study highlights that patients are concerned with uncertainties regarding the long-term duration and severity of their side-effects (such as neuropathic, mobility and vision problems) and about how long the treatment will continue to work for them. Information about which uncertainties are most important to patients may help stakeholders (drug developers, regulators, HTA bodies, physicians) by providing insights about the uncertainties most pressing to patients; to be considered during decisions about evidence generation, marketing authorization, market access and subsequently managed in the individual treatment decision-making context.

Several patient characteristics (disease stage such as refractory level and number of previous treatments), symptom experience, and demographic data (including country of origin, health literacy/education) likely influence preferences, i.e., the value that participant place on attributes (outcomes, symptoms, and side-effects). For example, MM patients that are younger, less frail and who have limited treatment exposure may tolerate and perceive side effects differently. Therefore, it will be important to investigate, transparently describe, and consider the impact of these patient variables on preferences, and to describe this impact as well as their influence on preferences. Therefore, in the survey following this qualitative study, we aim to characterize and describe the demographics of the study population using patient characteristics when reporting the results. Additionally, in the follow up quantitative survey, research will focus on the statistically significant impacts of patient characteristics on preferences.



CONCLUSION

This study gained an in-depth understanding of the treatment and disease-related characteristics (outcomes, side-effects, and symptoms) and types of attribute levels (severity, duration) that are most important to MM patients. Results point toward a need for MM drug development, evaluation, and individual treatment decision-making that not only focuses on extending patients' lives, but that addresses symptoms and side-effects that significantly impact MM patients' quality of life. This study underlines the need for communication toward patients about the short and long-term effects of MM treatments. Finally, this study may help stakeholders to understand which quality of life-related treatment outcomes are most important to MM patients and therefore should be considered for systematic incorporation in MM drug development, evaluation and clinical practice.
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Our healthcare system faces a burgeoning aging population, rising complexity, and escalating costs. Around 10% of healthcare is harmful, and evidence is slow to implement. Innovation to deliver quality and sustainable health systems is vital, and the methods are challenging. The aim of this study is to describe the process and present a perspective on a coproduced Learning Health System framework. The development of the Framework was led by publicly funded, collaborative, Academic Health Research Translation Centres, with a mandate to integrate research into healthcare to deliver impact. The focus of the framework is “learning together for better health,” with coproduction involving leadership by an expert panel, a systematic review, qualitative research, a stakeholder workshop, and iterative online feedback. The coproduced framework incorporates evidence from stakeholders, from research, from data (practice to data and data to new knowledge), and from implementation, to take new knowledge to practice. This continuous learning approach aims to deliver evidence-based healthcare improvement and is currently being implemented and evaluated.
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INTRODUCTION

Data and benchmarking alone do not drive healthcare improvement, and core challenges remain, with estimates of around 30% of care is low value and 10% potentially harmful (1). Furthermore, effective sustainable healthcare improvement appears to be an intractable problem. There is a recognized vital need for systems-level change to improve healthcare using an iterative learning health system (LHS) approach (1, 2). The LHS broadly encompasses the operationalization and conversion of routinely collected health data into useful information to enable informed, timely decisions to improve quality healthcare and health outcomes (2–8). Herein, we describe the coproduction process and the outcome for the development of the Monash Partners LHS framework, integrating research and data utilization into healthcare to improve outcomes.

This framework development occurred in the context of publically funded Academic Health Science Centres (AHSC) in Australia, where AHSCs have a strong focus on research translation (9, 10) and are tasked with driving “Better Health through Research.” Monash Partners Academic Health Science Centre (Monash Partners) is a partnership between leading health services, teaching, and research organizations, accredited by the Australian National Health and Medical Research Council (NHMRC). The mission of Monash Partners is to connect researchers, clinicians, and the community to innovate for better health and deliver health impact. Monash Partners led this work engaging all 10 NHMRC accredited Australian Research Translation Centres, under the auspices of the Australian Health Research Alliance (AHRA: www.ahra.org.au). AHRA has a national reach across 95% of academic and research teams of Australia, and over 80% of acute health services are collaborating to improve health nationally (9). AHRA formed a data-driven healthcare improvement national system level initiative to “improve health outcomes across our community, through data-driven innovation and care.” In this context, Monash Partners led a rigorous national priority setting process across AHRA centres, communities, healthcare, government, and other stakeholders. The top priority was to create data-driven hubs for healthcare improvement or LHS, across the AHRA centres.

With ever increasing data availability, there is a growing interest in how best to use it to inform decision making in healthcare delivery (2). Systems are needed to ensure the most relevant information, and evidence can guide healthcare decision making (11, 12). Improved healthcare requires systems in which routine data, from service delivery, and patient care, can lead to iterative cycles of knowledge generation and improvement in healthcare, as a result of daily practice (5, 6). Informed decision making is needed at all levels of healthcare, including decisions made by policymakers, hospital executives, clinicians, and by patients themselves (13). In this perspective article, we outline the codevelopment process, present the codesigned framework, and describe the ongoing coproduction of the LHS as it is implemented, evaluated, and scaled through government funding.


Evidence Synthesis and Codesigning a LHS

The LHS was developed using a multistep codesign process including; engaging the national data-driven healthcare improvement committee across the centres and establishing leadership through the Monash Partners data governance committee with consumer and stakeholder input; obtaining resources through the Australian Government Medical Research Future Fund; and appointing a fellow (JE) and jointly agreeing on a vision and undertaking a rigorous process to develop the framework. We synthesized evidence on systematic review and qualitative research and completed workshops and consultations. The framework was codesigned with stakeholders, with coproduction in implementation and scale-up. Our stakeholders played an integral role throughout from foundational design, ongoing development, current implementation, embedding, and operationalizing the framework evaluating measurable health care improvement.

National governance was established through the data-driven healthcare improvement committee, and the initial priority setting process occurred with nominated members from each competitively accredited Research Translation Centre, consumers, and stakeholder representatives (9). Detailed methods and results of the systematic review and qualitative research are published elsewhere (7, 8) and summarized here.



Collective Vision and Evidence Collection

The codesign process involved multidisciplinary stakeholders including community, clinicians, academics, administrators, and industry and generated a collective vision of “Learning together for better health” to guide framework development.



Systematic Literature Review

The systematic review captured the academic and gray literature evidence on effective LHS (or similar entities with alternative names) that stimulated partnerships across multiple stakeholders and increased the translation of data and research in healthcare, with explicit evidence of health impact (8).

Forty-three articles were identified, which described research translation leading to impact in 23 LHS environments: United States (n = 18), Canada (n = 2), and one each in the UK, Sweden, and Australia/New Zealand. Key findings are summarized in Box 1 and the full systematic review is published (8).


Box 1. Key findings of the LHS systematic review.

• Learning Health System environments are system level initiatives with effective examples demonstrating taking practice to data, integrating best practice evidence, undertaking data analysis to generate new knowledge, and implementing new knowledge back into clinical practice in an ongoing, systems level approach

• An integrated multidisciplinary team of frontline clinicians, researchers, and community members, embedded in healthcare settings is key to success

• To have direct health impact, a Learning Health System must provide timely access to data, as well as analysis of that data with feedback

• Effective Learning Health Systems require people with a broad range of workforce capacities to make sense of the data arising from complex healthcare environments




Qualitative Interviews

The expert panel and systematic review had informed the questions explored in the qualitative research. We purposively identified and conducted semistructured qualitative interviews with national and international leaders, including in the UK and Canada, experienced in supporting or developing data-driven innovations in healthcare (7). Representatives from all AHRA centres, Monash Partners member organizations, the Digital Health Collaborative Research Centre, State Government, Australian Digital Health Agency, Public Health Research Network, consumers and international experts from both the UK and Canada, were interviewed. Analysis of 26 interviews revealed five themes, integral to an effective, sustainable LHS, as shown in Box 2. Full details of the qualitative research are published (7).


Box 2. Key themes that emerged from qualitative interviews on a learning health system.

• Structure, governance, trust, culture, vision, and leadership were all seen as important along with a skilled workforce and sustained investment

• Broad stakeholder, clinician and academic engagement, with collective vision, leadership, governance and a culture of trust, transparency, and co-design

• Resourcing with sustained investment over time

• Skilled workforce, capability, and capacity building

• Data access, systems, and processes

• Systematic approaches and iterative, continuous learning with implementation into healthcare contributing to new best-practice care to improve outcomes




Stakeholder Workshop

The expert panel and systematic review had informed the qualitative research, and learnings from these were integrated into a draft high-level framework and principles. This was followed by iterative stakeholder engagement via the members on the governance committee from partner organizations and finally within a stakeholder consultation workshop to refine the proposed model, ensuring adherence to the vision and alignment with end-user needs. The stakeholder consultation workshop was of 4 h duration and involved 60 representatives from Monash Partners organizations, government, national data agencies, AHRA centres, and consumers. It was facilitated by an experienced consultative facilitator. The workshop presented background and project findings, presentations by the state government chief information officer, and by academic clinicians who provided examples of effective LHS. Three of the authors (JE, HT, and AJ) presented the evidence gathered from the systematic review and qualitative interviews, as well as the related priorities established with these partner organizations in earlier related work (9). Immediately after a presentation on the draft LHS framework and principles, participants were divided into groups of ~10 people per group and asked to provide input to refine the proposed draft framework. Each group workshopped at least one quadrant of the LHS framework with instructions to provide input to refine the model elements to improve alignment to the vision and end-user requirements. At the end of this session, a spokesperson from each group presented their inputs and suggestions for the LHS framework, and the facilitator supported the wider group to ask questions and make additional comments and/or suggestions for improvement. Written workshopped papers were collected by the researchers at the end of the workshop and transcribed into a report. Immediately after the workshop, two of the authors (JE and AJ) documented their key impressions arising from the discussions in the workshop by the participants and later incorporated this into the report. The feedback was incorporated into the LHS framework and sent out to participants electronically for comments, and further electronically iteratively refined to generate the final framework.



Monash Partners LHS

The final framework (Figure 1) encapsulates core phases across stakeholder-engagement and priority setting, integration of evidenced based best practice, taking routine health practice data from service delivery and patient care, analyzing this to generate new knowledge, and implementing this new knowledge back into practice in iterative cycles of data-driven healthcare improvement.


[image: Figure 1]
FIGURE 1. (A) Monash Partners Learning Health System framework. The framework shows four key sources of evidence, with each represented diagrammatically in a quadrant of the Learning Health System cycle. (B) Bullet points list the topics and functions incorporated under each sub-section in the overarching LHS framework. The numbers correspond to the numbered sections in the LHS framework shown in (A).


The framework is in the shape of a “circle” divided into four main quadrants (Figure 1A). Topics and functions for each quadrant are listed (Figure 1B). The framework shape and contents were synthesized using evidence from the systematic review, qualitative research, and consultation workshop.

The framework shows four key sources of evidence, with each represented diagrammatically in a quadrant of the LHS cycle (see Figure 1):

• Evidence of the stakeholder—from end user problems and priorities

• Research evidence—from primary research, evidence synthesis, and guidelines

• Data evidence—from practice data and data analysis, including artificial intelligence

• Implementation evidence—integrating rigorous implementation research into pragmatic healthcare improvement.

Each quadrant of evidence is vital to capture, identify, and address health service and community priorities and emergent challenges and needs to be integrated to create and operationalize the LHS as an iterative systems level intervention to deliver health impact.




DISCUSSION AND IMPLEMENTATION ACTIVITY

Our healthcare system faces a burgeoning aging population, rising complexity, rapid advances in technology, and escalating costs. Around 10% of healthcare is harmful, evidence is slow to implement, and system reform is challenging (1). Innovation to deliver quality and sustainable health system is vital, and methods are controversial and challenging. Here, we describe the codevelopment process of the framework to guide health care settings into becoming LHS. We present a rigorously developed LHS Framework grounded in NHMRC accredited Research Translation Centres (which are publically funded academic health science centres) with a mandate to integrate research into healthcare to deliver impact. The coproduced framework takes practice to data, data to new knowledge, and new knowledge to practice in a continuous learning cycle, to deliver evidence-based healthcare improvement and is currently being implemented and evaluated.

Whilst there are multiple different frameworks in use, most are derived from singular perspectives, be that a single health condition or an isolated research or healthcare perspective, and few consider the consumer and stakeholders as key to the system (2–6, 11–13). Given that current healthcare improvement strategies and conventional project-based approaches to transform care have been inadequate (1), a systems-level approach is required for sustainability and scalability. However, it is important that the LHS is broad and considers all dimensions of the complex adaptive system to succeed.

Frameworks for LHS have been described (2–6, 11–13), and each follows a similar cycle of assembling, analyzing, and interpreting data, followed by feeding the learnings back into practice and creating changes (2). We used this evidence-based process in Australia to develop the LHS framework through stakeholder engagement, and systematic review of LHSs that have delivered impact, qualitative interviews, and workshops contain the key components to succeed. Key components that emerged were evidence sources coming from stakeholders, data, implementation evaluation, and research.

There is clear support from both State and Federal Government health departments, for the LHS, with financial support for a number of projects. The Victorian state government has invested in the LHS in the Victorian healthcare recovery initiative to improve care delivery as we emerge from the COVID-19 pandemic (14). The processes involved engaging community, clinical networks, state government, and health service priorities including new evidence-based models of Telehealth and virtual care and reducing low-value care. Best practice evidence was sourced in these fields, including the Digital Health Cooperative Research Centre resources and the Choosing Wisely and Evolve low-value care initiatives (15). Practice data are being sourced and analyses and implementation are underway. This work is being evaluated at a project and LHS level. State Government funding is supporting data integration systems, and a process led by Monash Partners and a grant through the Medical Research Future Fund is supporting the development of data infrastructure within the LHS: “Towards a National Data Management Platform supporting Australia's Learning Health System.” This initiative will utilize the LHS to support the implementation of a consistent approach to Data Sharing Agreements and Principles, modification, and utilization of systems that will support access to electronic medical records' unstructured data, across a number of health settings and will also link into interstate LHS initiatives through the AHRA network.

Monash Partners is now working across other Centres, partner organizations, Government, and stakeholders, and is funded to implement the LHS frameworks and pilot healthcare improvement projects to iteratively “learn together for better health.”
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Manufacturers of pathology imaging devices and associated software engage regulatory affairs and clinical affairs (RACA) throughout the Total Product Life Cycle (TPLC) of regulated products. A number of manufacturers, pathologists, and end users are not familiar with how RACA involvement benefits each stage of the TPLC. RACA professionals are important contributors to product development and deployment strategies because these professionals maintain an understanding of the scientific, technical, and clinical aspects of biomedical product regulation, as well as the relevant knowledge of regulatory requirements, policies, and market trends for both local and global regulations and standards. Defining a regulatory and clinical strategy at the beginning of product design enables early evaluation of risks and provides assurance that the collected evidence supports the product's clinical claims (e.g., in a marketing application), its safe and effective use, and potential reimbursement strategies. It is recommended to involve RACA early and throughout the TPLC to assist with navigating changes in the regulatory environment and dynamic diagnostic market. Here we outline how various stakeholders can utilize RACA to navigate the nuanced landscape behind the development and use of clinical diagnostic products. Collectively, this work emphasizes the critical importance of RACA as an integral part of product development and, thereby, sustained innovation.
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INTRODUCTION

Pathology is the cornerstone of patient care, providing diagnostic, prognostic, and therapy-predictive information to a health care team. In the era of precision medicine and digital health, digital pathology tools and applications, including artificial intelligence (AI)-based applications, are enabling pathologists to deliver high-quality care to patients. However, more innovation is needed. The delivery of high-quality care to patients continues to become more and more complex in the rapidly evolving age of digital health, personalized medicine, and value-based care. Digital pathology, both hardware and software, is no exception. Streamlining the regulatory process to get innovative digital tools into the hands of practicing pathologists is in the best interest of patients.

Manufacturers of pathology imaging devices and associated software should engage regulatory affairs and clinical affairs (RACA) professionals throughout the total product life cycle (TPLC) of these innovative medical devices. A significant number of manufacturers and end users (e.g., practicing pathologists), especially in the digital health space, are unfamiliar with the TPLC for regulated products, the role of RACA in the product development process, and the rigor of bringing a medical device to market. These manufacturers, as well as pathologists as the end users, can utilize RACA professionals to help navigate the nuances behind development and use of a regulated product.

Here we try to increase awareness of the importance of the role of RACA in delivering these products to practicing pathologists, administrators, and developers by the following:

• Demystify RACA by describing how the regulatory landscape shapes the delivery of clinical products

• Bridge the gap between the mindsets of the developer and the end user on the implementation of regulatory requirements and product features

• Establish a mutual vocabulary to facilitate understanding of the application of regulatory requirements



THE DYNAMIC REGULATORY ENVIRONMENT FOR DIGITAL PATHOLOGY

Regulatory trends and expectations for the approval process and post-market responsibilities shift and evolve, sometimes rapidly, particularly for advanced technologies like digital pathology. Digital pathology products, both hardware and software, are regulated as in vitro diagnostics (IVDs). From 2019 to 2020 alone, the US Food and Drug Administration (FDA) published more than 40 draft and final guidances that impact software, digital pathology, and IVD product development or approval [this does not include guidance specific to Coronavirus Disease 2019 (COVID-19)] (1). Also in 2020, members of Congress introduced the Verifying Accurate, Leading-edge IVCT Development (VALID) Act (2), which, if passed, will fundamentally change the regulation of diagnostic tests in the US. Similarly, the European Union (EU) introduced a transformative set of regulations for IVDs in 2017, with the entry into force of the in vitro diagnostic device regulation (IVDR) (3). Full compliance with the IVDR will be required in May 2022.

Transformational healthcare initiatives by regulatory bodies must also be considered. FDA's Digital Health Initiative outlines efforts to reimagine FDA's approach to ensuring timely access to high-quality, safe, and effective digital health products (4). It also encourages innovation and the facilitation of new approaches that support health care delivery and sharing of information. FDA is also a key participant in the Precision Medicine Initiative launched in January 2015 (5). Precision medicine, sometimes known as “personalized medicine,” is an innovative approach to tailoring disease prevention and treatment that considers differences in people's genes, environments, and lifestyles. The goal of precision medicine is to target the right treatments to the right patients at the right time.

The success of precision medicine depends on having accurate, reproducible, and clinically useful diagnostic tests, including companion diagnostic (CDx) tests to identify patients who can benefit from targeted therapies. The diagnosis of breast cancer is a very good example. Four primary biomarkers are analyzed during the routine pathological work-up for breast cancer: estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), and the proliferation-associated nuclear protein Ki67. Assessments of these biomarkers within collected tumor tissue (e.g., biopsy or surgical resection) are combined into surrogate subtype classifications, guiding conclusions about the tumor's biological characteristics and expected response to therapy. A comprehensive study conducted in 2016 by the Department of Clinical Pathology at Karolinska University Hospital in Stockholm, Sweden, demonstrated that image analysis performed on whole slide images (WSIs) of tissue on glass slides was superior to manual assessment and provided more prognostic information than the manual scores (6). The results of this study have been repeated numerous times, demonstrating that digital pathology products will be important for expanding the potential of diagnostic tests.

The complex and dynamic nature of medical device development requires engagement of multiple cross-functional disciplines. RACA professionals are an important contributor to product development and deployment strategies because they must maintain an understanding of the scientific, technical, and clinical aspects of a biomedical product, as well as deep knowledge of regulatory requirements, policies, and trends for both local and global regulations and standards. For this reason, it is recommended that RACA be involved very early in the TPLC to assist with navigating changes in the regulatory environment and the market. RACA can also optimize business processes for the TPLC through this knowledge sharing.



RACA DEFINED

RACA professionals work to design and promote a regulatory strategy that is aligned to the current regulatory landscape for a given clinical product or products. The strategy focuses on the efficacy and safety of the product(s), without sacrificing quality, and while ensuring an efficient time to market.

Regulatory affairs (RA) is often recognized for its role in communication with health authorities and overseeing regulatory submissions; however, RA's core competency is developing strategies that comply with both global and local regulations and standards, which are often moving targets. RA is also responsible for gathering and effectively applying regulatory intelligence throughout the TPLC, including pre-market and post-market strategies (Table 1).


Table 1. Terminology defined: market environments.
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Clinical affairs (CA) includes clinical science, strategy, and clinical operations; it is responsible for the generation and dissemination of sound scientific and clinical evidence, such as clinical study protocols, reports, and publications. Often, CA is key in defining clinical strategies that support a company's development objectives, while ensuring that products are designed according to a robust clinical evidence strategy. The generation of clinical evidence not only supports the product's introduction to the market, but also provides the foundation for establishing reimbursement strategies, which can drive the economic value of the product to the company. Carrying out successful clinical studies for development requires cooperation between CA and multiple functional groups, such as data managers, biostatisticians, business development, information technology, RA, research coordinators, product management/engineering, and many other functions.

While RA and CA have distinct responsibilities, these roles often overlap in the development of a product and in influencing and shaping the regulatory landscape. Importantly, RACA can bring together the developer and the user, including the patient, through external-facing roles that foster relationships that can be beneficial to the perception and adoption of the product. RACA can also assist with prioritizing markets based on the clinical and regulatory landscape, as well as ensure the correct intended use is identified and the supporting clinical evidence generated to align to the market environment. Overall, RACA provides a critical role in the product TPLC by applying clinical and regulatory strategies that can reduce business risk and product risk at all phases of development and commercialization.

RACA professionals' influence is often achieved through collaborations with regulatory bodies to drive policy and application of regulations, as well as through work to design and implement innovative approaches. To achieve this, RACA professionals are often contributors to technical committees, consortia, and trade organizations that work to accelerate standard development or to improve standards or guidelines to be more compatible with current technologies. For example, in 2016, the Digital Pathology Association's (DPA's) Regulatory and Standards Task Force played a major role in getting the device classification for WSI systems reclassified from an automatic Class III medical device that requires submission of a pre-market approval application (PMA) to a Class II device via a de novo request (7). The DPA and FDA closely collaborated on introducing consistency in terminology and developing general principles for test protocols that were acceptable to FDA. This close collaboration between regulators, healthcare workers, medical specialists, and industry represented a major shift in FDA's approach to WSI systems. Continued communication between FDA and digital and computational pathology-enabled organizations like the DPA, Association for Pathology Informatics (API), and the Pathology Innovation Collaborative Community (PIcc, formerly known as Alliance for Digital Pathology) is taking place to address AI-related products in pathology.



RECOMMENDATIONS ON THE USE OF RACA IN THE TPLC

Medical device development is often an iterative process; in general, it includes device discovery and concept, development, pathway to registration, commercialization, post-market surveillance, and end of life (Figure 1). RACA uses market and regulatory intelligence to work with product management and development teams to define clinical utilization, which provides clarity on the user requirements and formulation of the intended use, indications of use, and claim definitions. These descriptions then drive the device description, device classification, if applicable, and regulatory pathway.
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FIGURE 1. The feedback loop for the TPLC for a commercialized clinical product. The TPLC for a commercialized clinical product, in general includes 6 primary steps that are often iterative in nature (purple circle). Manufacturers benefit from seeking input from users, such as pathologists and other healthcare providers, to continually introduce improvements and utility (arrows) into the product design. RACA professionals can be a conduit between users and industry (gray coil) to assist with delivering user input and communicating the implications of the changes.


Similarly, RACA engages clinical domain experts, who are users of the products, which often includes a collaboration with a field sales team. RACA can acquire input from users on product utility and function independently or with the help of product management. This is input is typically gathered through focus groups, surveys, and one-on-one interviews and is critical for ensuring a design that provides a safe, effective, commercially viable, and high-quality product. Additionally, this input, together with the state of the art of the product and comparison to standard of care, determines the benefit risk ratio used in submissions to regulatory authorities. While RACA professionals often seek out these clinical domain experts to receive their input, end users can engage the RACA professionals on the products they use typically through a customer support or sales channel of the product manufacturer.


Discovery and Concept

RACA can represent an aligning element in the product design and concept generation process. The design of a product should include screening the possible regulatory opportunities and risks based on a company's vision of a product and its geographical regions of deployment. This screening includes working within the product management and development team to identify opportunities, competition, development trends, and avenues for deployment. The screening process also provides an opportunity to develop insights for shaping the architectural design and intended use to suit most markets.

To initiate the screening process, manufacturers must first generate a technical device description and architecture and then build requirements around the intended use according to the description. This intended use, technical device description, and architecture will drive the regulatory pathway and requirements needed to develop the product, which can vary from region to region. Using IVDs within the US and the EU as an example, device classifications, approval pathways, required supporting evidence, and post-marketing responsibilities differ. In the US, a medical device must comply with Code of Federal Regulations Title 21 Part 820 (21 CFR 820), under which medical devices and IVDs are not defined as separate (i.e., both are regulated under 21 CFR 820). However, in the EU, medical devices and IVDs are regulated under separate directives, the Medical Device Directive (MDD) 93/42/EEC and the in vitro diagnostic directive (IVDD) 98/79/EC, respectively. As of 2017, the EU entered into force the IVDR (2017/746/EC), which represents a large change from the previous directive (3). Under the IVDR, there are 4 IVD classifications (Classes A, B, C, and D), while medical devices in the US only have 3 classifications (Class I, Class II, and Class III). Using RACA professionals to understand how the requirements for each regulation are different and similar may allow a company to introduce efficiencies in development that meet both, while ensuring region-specific requirements are also met.

The interaction between RACA professionals and the commercialization team, including product management, sales, and marketing, is also essential at this early phase of product development to ensure that messaging and target markets are properly reached. This includes a profiling of the product to assess the overall product and business risks, which includes but is not limited to segmentation of the market, possible reach of market, the regulatory paths per target market, opportunities to obtain reimbursement including level of evidence required per market and related efforts and timelines. This profiling is an essential input for pricing and business models to enable the business to decide whether the product will be developed, brought to market (a so called “GO” or “NO GO” decision), and how it will be brought to the market.



Development

Device development is often an iterative process that includes refining or even changing a device design as the concept becomes a functioning prototype and then a finished device. Device design documentation is used to record the development process, usually by multiple stakeholders. This documentation relates to a series of development activities, including product requirements, market research, and customer input, as well as verification, validation, and clinical performance studies. Regulatory/health authorities often require products to meet certain specifications before the medical device can be deployed for its intended use.

While the specifics of development requirements can differ from region to region, the general principles of design control are a well-established and recognized standard. ISO 13485 is an internationally recognized standard that specifies requirements for a quality management system (QMS) to support the design and manufacturing of medical devices, including design controls (8). While the US has its own regulations that define requirements for design controls (21 CFR 820.30), they are highly similar to the internationally recognized principles (e.g., ISO 13485). However, it has been increasingly recognized that the design principles for software applications, such as for AI and machine learning (ML) applications for digital pathology, require a unique development approach that is more tailored to this type of technology. While the foundational design tenets are applied, software documentation, testing, traceability, and configuration management can be conducted and even scrutinized differently than non-software medical devices. International standards for software development exist [e.g., IEC 62304: Medical Device Software–Software Life Cycle Processes (9) and IEC 82304-1: Health Software (10)], but the landscape continues to evolve as the introduction of AI/ML-based software as a medical device (SaMD) and its applications rapidly expand.

In addition to a regulatory strategy, the requirements for clinical evidence should be identified early so worldwide clinical studies can be planned. Defining a clinical strategy at the beginning of product design allows for early evaluation of clinical risks and provides assurances that the clinical evidence could support validation of the product clinical claims in a marketing application. For manufacturers of digital pathology products, there are endless strategy and product design parameter combinations to consider: tissue, disease, biomarker, WSI digital scanner, viewing system, and display, as well as the operational environment. To take each factor into consideration, the appropriate design of clinical studies requires a well-established network of collaboration within the biomedical field, such as with key opinion leaders (KOLs), who are often the end user of the product; contract research organizations (CROs); and development partners. Experienced RACA professionals can facilitate bringing these resources to the development process.



Pathway to Registration

National and international regulations provide guidelines to manufacturers regarding the regulatory pathway and registration procedures for medical devices, which must be followed prior to the sale and marketing of the device for diagnostic use in the intended clinical market. Within each global region, the regulatory pathway to device registration is defined by the classification of the device. For example, in the US, Class II medical devices are either cleared through a 510 (k) pre-market notification submission or a de novo request is granted (Table 2). Class III medical devices are approved through submission and review of a PMA application. All of these pathways have widely different requirements for evidence, including clinical evidence and documentation to support review of the submission. As previously noted, passing of the VALID Act will change the classification and approval process in the US, which will require significant preparation by manufacturers. Similarly, in the EU, an IVD's classification determines the appropriate conformity assessment procedure to follow and whether a notified body (NB) will be involved in the registration and certification process. The change in classifications in the IVDR dramatically increases the conformity requirements, and NBs will typically be more involved than in the past. For example, the burden of the TPLC for Class C and D devices is much higher than for Class A and B because these devices require at least annual updating of the performance evaluation report. As noted above, the intended use drives the device classification, and RACA input can be critical to ensuring the intended use language does not unintentionally place the device in a higher class than is needed for its clinical use. If this occurs, it could have a large impact on the business case for the product and cause the burden of development to exceed the market share or opportunity.


Table 2. Terminology defined: US regulatory pathways.
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RACA professionals are becoming key members of the development team who assist with managing risk due to changing requirements. To de-risk the regulatory review process and understand expectations for evidence and documentation prior to submission of a marketing application, developers can seek feedback from FDA through the Pre-Submission Program (11). Within this program, a Q-Submission can be provided to FDA that includes a formal written request from a developer for feedback from FDA on development plans that is provided in the form of a formal written response or, if the submitter chooses, formal written feedback followed by a meeting in which any additional feedback or clarifications are documented in meeting minutes. Through these communications, a developer has the opportunity to obtain FDA feedback prior to submission of a marketing application. These communications are entirely voluntary on the part of the developer, but early interaction with FDA on planned non-clinical and clinical studies and careful consideration of FDA's feedback may improve the quality of subsequent submissions, shorten total review times, and facilitate the development process for new devices.

RACA typically takes the lead in organizing communications with regulatory bodies, including the strategy for how and when to gather information on a particular stage of development. A formalized program like FDA's Pre-Submission Program is less pronounced in other regions of the world but, in the EU, manufacturers can use engagement with NBs to understand certification requirements. NBs are required to be designated for IVDR to perform conformity assessments under this regulation. To date, there are only 6 designated NBs for IVDR (12), which is causing some concern among manufacturers as the May 2022 compliance date rapidly approaches. RACA professionals are often responsible for contracting with NBs and, even more importantly, are responsible for making well-informed decisions about the concepts, content, and specific language used in an application based on the different policies and processes defined by each NB. This requires development of strong relationships with an NB and use of regulatory domain knowledge to incorporate technical and clinical information into an application for review. Therefore, RACA represents the gateway to the competent authorities.

An additional pathway to entry to the clinical market that is unique to IVDs is offering a clinical test as a laboratory developed test (LDT). An LDT is defined as a diagnostic that is designed, manufactured, and used within a single laboratory (13). In the US, LDTs can be offered as clinical tests under the Clinical Laboratory Improvement Amendments (CLIA) regulations without having gone through FDA clearance or approval (14). Numerous advanced diagnostics, such as next generation sequencing (NGS), flow cytometry, polymerase chain reaction (PCR), and histopathology image analysis applications, have been introduced into clinical use by this pathway. The COVID-19 public health emergency (PHE) highlighted the agility of this pathway. In March 2020, a Memorandum issued by the White House reversed FDA's position that all COVID-19 diagnostic tests must undergo an Emergency Use Authorization (EUA) review and approval by FDA, and instead allowed independent authorization of LDTs by states (15). This reversal was likely due to a need for expediency in the availability of and access to these tests in unprecedented circumstances and FDA's limited resources to handle the onslaught of submissions. However, controversy has long existed about the enforcement discretion FDA has applied to the regulation of LDTs. The introduction of the VALID Act will formally define the regulation of LDTs by FDA, which will require these types of developers to establish a compliant QMS and be subject to pre-market review, when applicable, for all tests offered for clinical use. Similarly, the new IVDR increases restrictions on the ability to offer LDTs in the EU.



Commercialization

Approval/clearance of a regulatory submission or successful registration allow for commercial introduction into the clinical market but represents only the first step in the adoption of a product. A customer will adopt innovation more easily when the return on investment (ROI) is proven, and ROI can be influenced by payer reimbursements. This increases the need for early identification of reimbursement and other incentives for ROI for users and manufacturers. An example of using RACA experts to optimize the go-to-market strategy is leveraging their knowledge of health authority programs that can benefit product commercialization. FDA's Breakthrough Device Designation (BDD) program (16) is a voluntary program for certain devices that provides manufacturers prioritized review of a submission, shortening the time to market, and potentially as a benefit for reimbursement strategies based on the Medicare Coverage of Innovative Technology (MCIT) rule (17). While the process of obtaining reimbursement is outside the scope of this paper, it is valuable to use a RACA professional's unique knowledge and experience to provide insights about how to utilize regulatory intelligence and device information, such as the intended use, indications of use, claims, and clinical safety, within a commercialization strategy (Table 3).


Table 3. Terminology defined: regulated product information.
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Labeling is also an important component of commercialization, which is actually a very broad term. Labeling can include instructions for use (IFU), packaging, all forms of advertisement, and any external communications or descriptions of the device. Labeling materials are typically generated by engineers and products teams, but RACA provides important input on the boundaries of labeling. For example, it is advisable for RACA to review all external communications that discuss the product, even those that might seem unrelated, such as an investor presentation. Word choice and descriptions must be considered carefully to prevent false advertising of the product that could unintentionally trigger consequences from regulatory authorities. RACA input can also be critical when determining how labeling can influence market positioning. For IVDs, products in the laboratory research phase can be labeled for research use only, making them exempt from most regulatory requirements, including pre-market requirements and/or applications (18). However, any reference to clinical claims or use could cause a product to become subject to regulatory oversight, which impacts sale and distribution of the product. RACA should be used to ensure this boundary is not inadvertently crossed. Gathering this input in the early phases of the TPLC can help optimize the approach for initial market entry of a product and beyond (Figure 2).
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FIGURE 2. Multiple pathways exist for bringing a clinical diagnostic product to market in the US. The introduction of a clinical diagnostic product on the market can proceed through multiple pathways. As straight-to-market strategies (A, B, C), manufacturers who also have laboratories (e.g., CLIA-certified lab) can choose to introduce a diagnostic test as an LDT, which is currently regulated under CLIA (A) or as a single-site IVD, which undergoes FDA review (B). Manufacturers intending to distribute a diagnostic for broad use by clinical laboratories must complete multi-lab testing and usually represents the greatest compliance requirements, but also greatest access (C). A stepwise approach can also be utilized by manufacturers who have laboratories as a de-risking strategy of reaching multiple on-market milestones along the commercialization pathway (D, E, F). A clinical diagnostic test first offered as an LDT can then be further developed directly as a distributed IVD (D), or first developed with increasing requirements to undergo FDA review as a single-site IVD (E), and then further development for a distributed IVD (E + F). Some LDTs are only offered as a single-site IVD as a second milestone (E), which is typical for advanced diagnostics. Similarly, products first offered as a single-site IVD can then be further developed as a distributed version (F). Each approach has pros and cons and differing associated requirements, and the cost and development timeline for each approach should be considered in evaluating the pros and cons.




Post-market Surveillance

A manufacturer's responsibility for monitoring safety in the use of a product does not end after the product's validation and approval/clearance/registration. The safe use of a medical device must be continuously monitored, and when indicated, the product must be recalled or redesigned to improve the safety profile. To increase the discovery of adverse events in the general population, FDA created a safety information and adverse event reporting service (AERS) called MedWatch. MedWatch is a voluntary reporting system for consumers, patients, and health professionals that allows for safety surveillance of medical devices, as well as other FDA-regulated products (19). The Manufacturer and User Facility Device Experience (MAUDE) database is an additional system for monitoring safety (20). MAUDE houses medical device reports submitted to FDA by mandatory reporters, including manufacturers, importers, and device user facilities. Reporting through these systems can sometimes lead to initiating a voluntary or involuntary recall of a product and/or additional testing, including a potential clinical study to determine if product changes are needed. It is recommended that RACA professionals take the lead in executing both activities.

Requiring commitments to conduct clinical studies in the post-market is an approach regulators can use to support continued approval of a product. For example, as a condition of approval, FDA can include a post-market commitment to conduct additional studies. These studies are often used to allow expedited access to a product, while continuing to gather information on its performance. Post-market studies also provide significant commercial value to support ROI and improvements made to a medical device. This approach has been applied with increasing frequency, particularly for expedited approval pathways, such as for the devices that receive a BDD from FDA. FDA grants a BDD for certain medical devices and device-led combination products that provide for more effective treatment or diagnosis of life-threatening or irreversibly debilitating diseases or conditions. It is available for devices and device-led combination products that are subject to PMA, 510 (k), or de novo request review. The BDD program is intended to help patients have more timely access to these medical devices by expediting their development, assessment, and review, while preserving the statutory standards for authorization (16). This path could be extremely beneficial when a device will be used as a CDx for a drug that has been granted accelerated approval. The first digital pathology BDD was issued in 2019 (21).

In certain regions, post-market studies can also be a requirement for any marketed clinical product. In the EU, manufacturers are required to establish post-market surveillance (PMS) plans to comply with the IVDR. The IVDR states that manufacturers must play an active role in gathering information in a way that allows for regular updates to technical documentation, including Post-market Performance Follow-up (PMPF) studies. Using RACA experts early in the TPLC will help to identify the least burdensome approach for the PMPF.



End of Life

End of life for a product could be represented by retirement of an obsolete technology or, more commonly, change and improvement to an existing device that represents the next generation and eventual retirement of the previous version. For the latter, manufacturers have important considerations and requirements when applying changes and introducing an improvement, update, or even more substantial change to a medical device currently on the market. Specifically, a manufacturer must determine how to support previous versions of a medical device when a new version is introduced. These devices must be phased out appropriately to avoid interruptions in patient care for customers still utilizing the technology. This is also an important business consideration when the medical device is being used as a CDx. Once the drug is on the market, it could remain there forever and, if indicated, the CDx must continue to support the drug use. This could be challenging for devices that require frequent updates, such as SaMDs types of devices, and remaining compatible with rapid evolving technology could have business impacts.

Important consideration also must be given to how a new version of an existing product is introduced to the market, which will likely have requirements for additional regulatory submissions and, potentially, analytical and/or clinical studies. RACA professionals can assist with understanding when a product change has regulatory implications, which can differ depending on the technology and type of change. For example, FDA recognized in a recently published discussion paper that AI-based SaMD algorithms, which include those for digital pathology applications, should have appropriately tailored regulatory oversight to prevent unnecessary barriers to access to innovation (22). This discussion paper proposes potential approaches that could decrease certain requirements for submissions due to device changes in the post-market, such as approval of pre-determined change-control plans that include SaMD pre-specifications and an algorithm change protocol. FDA subsequently published an action plan for AI/ML-based SaMDs that outlines the actions FDA will take to develop this framework (23). Given the changing nature of the regulatory landscape for innovative technologies in the post-market and varying requirements for different technologies, RACA professionals can be vital to product teams in supporting product updates.




DISCUSSION

Digital pathology is relatively new to clinical diagnostic pathology, but the technology has been used extensively for research over the past 20 years (24). The safety of patients and the quality of the pathology results are critical to the practice of pathology, which is highly controlled by various regulatory bodies. However, it should be noted that pathology as a medical practice is not under the authority of a regulatory body. Based on the intended use of digital pathology devices to date, whole slide scanners, viewers, image management systems (IMSs), and algorithms are classified as one or more types of medical devices (Table 4). Numerous digital pathology devices have been cleared in the last few decades, including more than 20 devices over the last 10 years (Table 5).


Table 4. Product codes and descriptions for digital pathology devices.
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Table 5. FDA cleared digital pathology devices within the last 10 years.
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In January 2021, a Federal Register (FR) Notice was published suggesting that certain Class I and Class II devices should receive permanent exemption from certain pre-market notification requirements, which included 4 product codes associated with digital pathology products: OEO, PSY, PZZ, QKQ (25). While this FR Notice was ultimately withdrawn in April 2021, citing insufficient information to broadly grant such exemptions (26), this presented a unique opportunity to continue discussions between regulators, industry, and users as multiple public comments to the docket supported a reexamination of the regulatory requirements for digital pathology products. Specifically, the interoperability of the components of these devices, the technical performance assessments, and evidence and studies necessary to bring a product to market now warrant a re-evaluation with the additional experience and new information available on the use of these products. For example, the COVID-19 PHE has presented a unique opportunity to observe the interoperability of certain digital pathology systems in a real-world setting as a result of FDA's guidance enabling the remote use of digital pathology systems that have not undergone 510 (k) pathway clearance (either as a new device or modification to an existing device) for this intended use (27). Industry-leading organizations, such as the DPA, API, and the PIcc continue to engage regulatory bodies in communication on the right-sized requirements needed to introduce digital pathology products to the market to ensure regulation keeps pace with innovation. However, it should also be noted that adoption, not just access, requires additional effort by the field to increase utilization of these practice-enhancing technologies.

This review has outlined several key aspects related to RACA's involvement in TPLC management for digital pathology and AI/ML tools, with the primary aim to establish a common vocabulary to improve communication between the healthcare industry and pathology practice. For industry, the goal was to advocate for increased awareness that many practicing pathologists may be overburdened with the nuanced regulatory terminology. For pathologists, the goal was to help increase understanding of RACA and detangle some of the complexity surrounding it. RACA ultimately bridges the gap between the manufacturers and end users of medical devices, playing a critical role in the TPLC by synthesizing the various components, value propositions, and commercialization of regulated digital pathology solutions in a safe, efficient, and value-based manner.
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Background: The European Patients' Academy on Therapeutic Innovation Switzerland (EUPATI CH) was established as an association in 2016 with the mission to improve patient empowerment in Switzerland, raise public awareness of EUPATI's education material, and foster multi-stakeholder partnerships in order to promote public involvement in all aspects of medicines research and development (R&D). In order to achieve its goal of improving patient involvement (PI) in all processes of medicines R&D in Switzerland and to obtain guidance and recommendations for future activities, EUPATI CH initiated a multi-stakeholder survey on PI experiences, hurdles, and best practices. The survey enabled EUPATI CH to obtain and analyze the views of various stakeholders and shape its workplan.

Methods: Data collection occurred between January and July 2019 using a survey and semi-structured interviews with individual stakeholders from different groups. The online survey responses were analyzed using quantitative methods and the interviews were analyzed using qualitative methods.

Results: The online survey was completed by 55 respondents (10%), and the semi-structured interviews were conducted with 14 stakeholders. Respondents to the online survey were patient representatives (45%), researchers from academia (25%), individuals from the pharmaceutical industry (9%), healthcare professionals (23%), and representatives from government agencies (6%). Some respondents were also members of EUPATI CH. Thirty-eight percent of respondents consider PI in Switzerland to be limited or absent. They identified the main barriers to PI as, first and foremost, a lack of funds and human resources (65%), followed by a lack of information and a lack of education on how to become a patient advocate (21%), a lack of collaboration with other stakeholders (16%), and a lack of adequate resources. Respondents' expectations of EUPATI CH's role in supporting PI were to provide education for active PI and improve networking and collaboration among stakeholders.

Conclusions: EUPATI CH's multi-stakeholder research identified some of the difficulties in promoting PI in medicines R&D in Switzerland, in particular the complex collaboration among stakeholders and a lack of funds, human resources, and knowledge. To respond to these difficulties, EUPATI CH has begun preparing a basic training course for patients that is adapted to Switzerland.

Keywords: patient involvement, patient engagement, medicines research and development, drug development, EUPATI, patient representatives, training


INTRODUCTION

Patient involvement (PI) is generally recognized as being valuable when planning health policies that aim to increase their relevance for patients and healthcare. PI has the potential to improve the quality and safety of the healthcare services provided and to increase their value to patients.

There are different ways patients can contribute beyond mere participation, namely as advisors or partners in healthcare research. Besides ethical and political arguments such as democracy and empowerment, there are convincing arguments for the value of PI and patient and public involvement (PPI) in enhancing the relevance, validity, quality, and success of health research.

Involving patients in research can also benefit the medicines development process: bringing in patients' priorities and perspectives can contribute to the development of better treatments for participants and other patients with a particular disease. More active and extensive PI in the medicines R&D process can improve the safety and efficacy of new treatments and can increase the public's awareness of and participation in medical research (1, 2).

The European Medicines Agency (EMA) has been a driver of PPI since 2000. For example, the EMA includes patients in different medicines evaluation committees such as the Committee for Orphan Medicines (COMP) and it promotes the involvement of patients as critical stakeholders in the regulatory process. Over the years, the EMA has developed extensive collaboration with patients and consumer representatives.

The pharmaceutical industry has also recognized the value of integrating patients' contributions into the medicines development, regulatory, and licensing processes; however, it has suffered from a limited availability of patients who are knowledgeable in the relevant methodologies. The Innovative Medicines Initiative (IMI), a public-private partnership between the European Union—represented by the European Commission—and the European Federation for Pharmaceutical Industries (EFPIA), has recognized and supported the need for educating patients on medicines development methodologies and has sought their active involvement as partners in IMI-funded projects. From 2012 to 2017, the IMI ran a pan-European, patient-led project involving 33 public and private organizations with the aim of increasing the education level of patients. This initiative was called the European Patients' Academy on Therapeutic Innovation (EUPATI) project. The main aim of the IMI-EUPATI project was to educate patients using a diploma-type blended learning course and a large toolbox with information material in the seven most spoken languages (3). The EUPATI consortium included patient organizations, academic groups, non-profit organizations, and pharmaceutical companies, and its objectives were to develop and disseminate accessible, well-structured, scientifically reliable educational material for patients that is related to the process of medicines R&D—from the pre-clinical phase to post-marketing. Other topics related to these processes, such as personalized medicine, efficacy and safety assessment, risk-benefit assessment and risk-benefit ratio, health economics, health technology assessment (HTA), and PI were also included. The sustainability plan required by the IMI was successfully implemented in the form of the recently established EUPATI Foundation, which is based in the Netherlands.

EUPATI's concept was based on the experience of HIV and oncology patient communities, in particular the understanding that a better grasp of medicines R&D processes allows patient experts and advocates to work more effectively with the relevant authorities, healthcare professionals, and the pharmaceutical industry—and thus provide valuable input to the medicines development process for the benefit of all patients. Patient experts in patient organizations can become important advocates and advisors in medicines R&D. Gaining relevant expertise can empower patients to provide patient-focused advice and their personal opinions to pharmaceutical industries, academia, authorities, and ethics committees.

In addition to providing training material in the EUPATI Toolbox in now 13 languages, the IMI-EUPATI project has resulted in the establishment of 23 EUPATI National Platforms (ENPs) to date that drive patient education at the national level.

The EUPATI National Platform in Switzerland was established in 2012. In 2016, it was transformed into the association EUPATI CH, with the mission to improve patient empowerment in Switzerland, raise public awareness for EUPATI's education material, and foster multi-stakeholder events to discuss the best pathways for public involvement in all aspects of medicines R&D. In order to achieve its goal of improving PI, to better understand the stakeholders' needs, and to develop guidance and recommendations for the future activities, EUPATI CH started a multi-stakeholder research project in 2019 with semi-structured interviews and a survey. The results of the interviews and survey are reported in this article.



METHODS


Aims

The overall aim of this multi-stakeholder research project was to obtain guidance and recommendations for EUPATI CH on how to achieve its goal of promoting patient involvement in medicines R&D. Further aims were to identify relevant stakeholders, obtain information about ongoing activities related to PI in Switzerland, identify factors that affect PI, and obtain feedback on the role EUPATI CH can play in improving the impact of PI in the future.



Study Design

The first steps were to categorize EUPATI CH stakeholders by identifying relevant groups (patients and patient organizations, policymakers and regulators, academia, the pharmaceutical industry, and healthcare professionals) (Appendix 1) and define EUPATI CH's role in PI in medicinal R&D in Switzerland. Stakeholder categories were defined according to the classification of Deverka et al. with some modifications to take into consideration Swiss legislation and the Swiss healthcare system (4).



Study Population

Stakeholders were categorized based on the information available on their websites or in published material available from their institution or organization. The subsequent step was to establish direct contact with stakeholders to determine their level of knowledge of patient involvement. This was first done by an online survey with target people drawn from lists of existing contacts (EUPATI CH members, participants at EUPATI CH events, and others) according to a convenience sampling (5).

The next step was a personal, semi-structured interview. Interviewees were selected based on a purposing sampling method (6), targeting individuals within each of the five stakeholder groups (patients and patient organizations, health policymakers and regulators, academia, the pharmaceutical industry, and healthcare professionals) who were leaders, people already in contact with EUPATI CH, or expected to have an interest in PI. The interviews were done over the phone or Skype.



Data Collection

The online survey consisted of 14 questions, seven closed and seven open, on the value of PI, stakeholders' ongoing PI activities, priority areas for each stakeholder group, and their collaboration with the other stakeholders (Appendix 2). In particular, the survey gathered information on the mission of each organization or group, its active involvement of patients, its difficulties and achievements in collaborating with other groups, and major impediments to developing active PI. An additional question provided respondents the opportunity to give their expectations of the role EUPATI CH could or should play in PI.

The interview followed a semi-structured format with six main questions and allowed space for comments and explanations from both the interviewee and the interviewer (Appendix 3). The selected stakeholders received an invitation letter with information on the project, modalities of the interview, confidentiality, and anonymization of the results. The stakeholders who consented to being interviewed received the sample questions at least 2 weeks in advance of the interview. The questions focused on the PI strategy in medicines R&D of the respective stakeholder group/organization, its ongoing activities, difficulties it has faced related to PI, and its future plans for PI. There was an additional optional question on the stakeholder's opinion of EUPATI CH and his or her expectations of EUPATI CH's role in PI in Switzerland.

The interviews were recorded and transcribed verbatim, and the transcriptions were compared with the interviewer's notes. A summary of the transcription was sent to the interviewees for approval to ensure both the accuracy of the overall content of the responses and the internal validity of the results (6). The transcription text itself and the analysis of it were neither checked nor modified by the interviewees.



Data Analysis

A mixed methods approach was applied.

Answers to the online survey's closed questions were analyzed using a quantitative approach. Answers to closed questions were either on a four-level scale (very important, important, not at all, I don't know), within pre-specified categories, or yes/no and were reported as a percentage of the respondents.

For the interviews a qualitative analysis was performed using a thematic analysis approach (7). This approach involved reading the transcriptions of the interviews, underlining key phrases and phrases that evoked some reflection, and placing them in a list.

This list was used to generate codes (8). This approach allowed EUPATI CH to combine codes matching key phrases from various interviews. Codes could then be combined to derive themes, which could be related to each other. For each category of stakeholder and for each question, the main themes were identified and similar themes from different stakeholder groups were merged into main themes for each question.

The transcriptions of the interviews were analyzed separately by two persons (the interviewer and an expert in qualitative analysis), who then compared the results while referring to the specific parts of the transcription (9). A descriptive comparative analysis of themes among the various stakeholder groups was then performed to extract common and possibly relevant factors that could affect PI.




RESULTS


Online Survey

The online survey was sent to 520 stakeholders in January 2019 and was kept open for 4 weeks. The response rate was 10.5% (55/520), and the analyses were performed on a total of 39 evaluable responses. Sixteen responses were not evaluable because answers were either completely missing in 8 cases or the survey was only partially completed in eight additional cases. Table 1 summarizes the responses to the online survey, which are described in detail in the following paragraphs.


Table 1. Responses to questions in the online survey.
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The largest group of survey respondents were patients (45%), the majority of whom were members of EUPATI CH. They were followed by researchers from academia (25%), healthcare professionals (23%), representatives from the pharmaceutical industry (9%), and policymakers/regulators (6%).

There was almost general agreement on the meaning of PI, which was understood as active collaboration and partnership with all stakeholders while taking into account patients' needs and preferences in the elaboration of projects, the review of protocols, and the composition of advisory boards.

Some 38% of respondents judged their ongoing PI efforts to be limited or absent. A major barrier to meaningful PI in medicines R&D mentioned by respondents was a lack of funds (65%), which was almost always associated with lack of human resources. Other barriers mentioned were a lack of education and/or information on this particular topic and on how to become a patient advocate (21%), a lack of collaboration with stakeholders, in particular with academic institutions (16%), difficulty in finding suitable patients due to language barriers (13%), a lack of networking together with a lack of lobbying and support from existing structures (13%). The following impediments were also identified: PI in R&D is not the main focus of an organization, a lack of awareness of PI by key actors (hospitals, medical faculties), difficulties in reaching the experts, fear, and skepticism.

When asked to rate priorities, patients rated the following areas the highest: being involved in processes (63%), receiving training and education (60%), and understanding different stakeholders' responsibilities (44%). In addition, 70% of patient respondents would like to improve their capabilities in or knowledge of PI, in particular how to ensure reliability, stability, and interaction with patient groups, how to interact with stakeholders, and how to spread awareness of PI as a person and as a society.



Face-to-Face Interviews

Table 2 presents the response rates to the invitation for a face–to-face interview for each group of stakeholders. Fourteen interviews, with an average duration of 45 min (range: 30–55 min.), were conducted and analyzed. Quotes from interviewees that are used in this article are presented in italics and within quotation marks so they can be easily identified. A superscript number indicates which quote from an interviewee a specific statement corresponds to (Appendix 4).


Table 2. Face-to-face interviews: Qualitative analysis per stakeholder group.
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Stakeholders' Patient Involvement Strategies, Ongoing Activities, and Successes

In terms of strategies—either implemented or planned—to increase PI in medicines R&D, by patient organizations reported increasing collaboration with other stakeholders as a strategy (Table 3A). For small patient organizations, it was very important to have a “united voice” with other patient organizations when collaborating with other stakeholders. Collaborating with the pharmaceutical industry was also an important strategy for patient organizations because it facilitated reimbursement, access to active compounds, and research on new drugs (1). Collaborating with some regulators was experienced as being difficult; however, the value of being in contact with both regulators and health authorities was generally recognized.


Table 3A. Qualitative analysis: Main themes for respondents from patient organizations and in academia.
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For some large patient organizations, collaborating with other patient organizations was not part of their main strategy because collaboration could result in heterogeneous objectives and create confusion. Some of the larger organizations do not collaborate with the pharmaceutical industry in order to maintain financial independence (2), which was also reported as one of the difficulties encountered by stakeholders in the pharmaceutical industry (Table 3B). The pharmaceutical industry aims to increase its collaboration with large patient organizations (either European or national) and their local affiliates in order to establish contact with patients or patient organizations and establish a long-term collaboration as equal partners.


Table 3B. Qualitative analysis: Main themes for policymakers and regulators and respondents in the pharmaceutical industry.
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Patient education is a very important activity for patient organizations. Education “like EUPATI” mainly covers the whole life cycle of a product, but some members have also requested training on how to improve their public communication skills (3). Some patients would like to be more involved in discussions with authorities such as Switzerland's Federal Office of Public Health (FOPH), but they cannot because of their perceived lack of competence. Training provided by EUPATI could represent a great opportunity for patients to achieve a more active, direct role in an organization (4). Patient education is also one of the pharmaceutical industry's strategies, in particular in collaboration with EU umbrella patient organizations for long-term teaching; related activities are already underway (Table 3B). It is part of a global strategy to have teams dedicated to increasing patient empowerment and integrating patients' views in all phases of the medicines life cycle.

From both academia's and patient organizations' perspectives, direct PI was reported as an important strategy in a variety of activities (e.g., the organization of events like patients' day, scientific boards, data collection, and focus groups). Specific activities varied according to the needs and mission of an organization or institution.

In the academic setting, a reported strategy for promoting PI entailed raising physicians' awareness of PI, setting PI as a high priority topic for the next 5 years, and raising patients' awareness of PI by reporting study results or research activities in social media. Patients also play a major role in the collection of personal data in prospective registries and in the evaluation of quality of life (QoL) questionnaires for the purpose of developing tools that are able to evaluate the real burden of symptoms relevant to patients (5).

Patients participate in focus groups, sometimes led by the pharmaceutical industry, and are on a variety of boards, such as scientific boards that evaluate clinical study proposals. One respondent noted, “It's important to have people living with a disease included in research decisions on what research is funded.”



Difficulties Stakeholders Faced With Patient Involvement

All patient organizations interviewed reported difficulties interacting with the authorities, in particular with Switzerland's Federal Office of Public Health (FOPH). One patient expressed his concern about the lack of PI and the lack of control at the regulatory level on the upcoming availability of effective personalized treatments that patients do not have guaranteed access to (6). A lack of funding and human resources applies to almost all stakeholders, in particular small patient organizations. This impedes hiring additional personnel and implementing new programs and activities (7).

Difficulties working with patients occur in a variety of situations according to various stakeholder groups. For patient organizations, one difficulty is how to actively involve members because they need to be instructed on how to perform tasks and require support by a dedicated person. One patient organization reported difficulty finding patient experts willing to assess many research projects (8) and difficulty representing a more general patient perspective—a situation also observed by regulators interested in the contributions of patients who are members of ethics committees.

One academic representative mentioned that it is difficult to find parents for pediatric studies who are interested in research beyond their own children. In addition, some parents have very little knowledge of rules, regulations, and limitations, which decreases the value of their participation on boards. Despite these difficulties, stakeholders want to have patients on boards so they can share their experience, perspectives, and needs.

Pharmaceutical companies' main difficulties were improving the internal appreciation of the value of PI and overcoming an external negative reputation due to previous questionable behavior, a factor that affects collaboration with some patient organizations. For regulators, the main difficulties were the poor acceptance of general consent (GC) and the heterogeneity of patient organizations, which makes it difficult to find educated patients willing to serve as patient representatives in an ethics committee.



Stakeholders' Future Patient Involvement Activities

Patient organizations plan to direct some of their future activities at further improving ongoing initiatives, in particular those with authorities, as well as increasing patient education (9) “because being active as a patient has a direct benefit for ourselves” and developing external communication and networking (Table 3A).

In academia, future activities will be aimed at improving PI in research as well as improving collaboration with patient organizations. Future activities will also focus on developing a stronger link between university hospitals and the community in order to explore the possibility of addressing questions that are more important to the community than to the university hospitals (10).

For the pharmaceutical industry, future activities will be directed at involving patients in all activities of medicines development and organizing events to bring patient organizations together.




STAKEHOLDERS' COMMENTS DIRECTED AT EUPATI CH


Desired Activities

More EUPATI patient training was one the activities most desired by patient organizations, academia, and the pharmaceutical industry, as mentioned in both the online survey and the direct interviews (Table 4). For academia, it would also be helpful to have EUPATI training to increase interaction with EUPATI CH and the use of its toolbox material (11).


Table 4. Qualitative analysis of main themes related to EUPATI CH: Desired activities, criticisms, and its expected role.
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Another desired activity, also mentioned in both the online survey and the direct interviews, was support for PI promotion and interaction among patient groups, with EUPATI “being a good neutral platform where the patient groups get together.” For regulators, EUPATI CH can find shared opinions on questions of national relevance, for example general consent (GC) or the patient's role in ethics committees, and can bring patient information from the European level to the specific national needs of an organization (12).



Criticisms and Expected Tasks

One criticism of EUPATI CH, raised by a pharmaceutical company representative, was the lack of clarity on EUPATI CH's mission and objectives in relation to those of EUPATI at the European level that EUPATI CH strives to adapt and implement (Table 4). EUPATI's mission is to offer patient training and thus empower and connect patient advocates as well as scale up know-how in organizations and people. The pharmaceutical industry representative criticized EUPATI CH for not having done this yet [13].

Another criticism made by some academic respondents was the lack of transparency regarding EUPATI CH's funding. “It's important for your credibility that you can demonstrate where the funding is coming from.” The IMI-EUPATI project was set up as a public-private partnership, whereas EUPATI CH is a private association. Nevertheless, regulators raised the concern that EUPATI CH could be partly financed by industry and thus have a potential conflict of interest [14].




DISCUSSION

EUPATI CH undertook this multi-stakeholder project in order to obtain recommendations for improving its activities related to the promotion of PI in medicines R&D in Switzerland.

For the performance of the study we applied a mixed-method design to get a more complete understanding of the phenomenon and hear the voices of Eupati CH stakeholders (12).

In the small, selected population surveyed, PI in medicines R&D was judged to be limited or absent by 38% of respondents. For patient organizations, the qualitative analysis clarified some aspects of the main impediments (lack of funds, lack of human resources and knowledge, lack of interactions with other stakeholders) which had been already reported in the quantitative analysis.

The respondents identified the main impediments to PI in medicines R&D in Switzerland as lack of funds and human resources (65%), lack of knowledge and capabilities (21%),lack of collaboration (16%). The qualitative analysis confirmed those results and further defined the characteristics of the impediments (Tables 3A,B).

There is a general agreement on the relevance of information on the value of a direct PI in clinical research and of an increased collaboration among different stakeholders. Additional points are the lack of funds and human resources. For patients organizations, there is a specific need for training to become an active expert and to increase the collaboration with other patient organizations and authorities.

One important success of EUPATI was, at least for small organizations, the possibility to collaborate with academia through direct involvement in the preparation and organization of clinical studies. This is a success because it confers a primary role to patients and leads to the improvement of clinical research and patient care. As one patient stated, “You cannot have a successful project if you are not also taking into account patients' needs.”

Stakeholders' opinions on the opportunities and benefits of collaborating with the pharmaceutical industry were divergent and seemed to be dependent, at least partly, on the size, financial resources, and availability of an effective treatment as well as the terms of the collaboration.

The difficulties related to PI in medicines R&D that were identified in EUPATI CH's survey have also been documented in other countries. For example, a lack of funding and available time to support panel members and patient organizations, tension between various stakeholder groups when developing and conducting clinical research, and concern related to the level of patients' and the public's understanding of certain types of research were the main difficulties identified when a PPI model was implemented in cancer and palliative care in the United Kingdom (10).

The limitations of the present evaluation are the small sample size and the favorable selection of the population studied, which potentially reduces the transferability of the results. Potential reasons for the poor response to the survey were declared lack of interest, survey fatigue, lack of knowledge of EUPATI, difficulties in identifying the person responsible of patient involvement in Switzerland within large organizations The innovative aspect is the application of a qualitative analysis of stakeholders' opinions and comments, thus bringing in the voice of patients as well as public opinion in two complementary surveys: one online and one as direct interviews. This dual approach helped to clarify some of the features of the data collected in the online survey.


Recommendations for Future EUPATI CH Activities

EUPATI's competence in education and training was appreciated by all stakeholder groups. Besides education on medicines R&D, stakeholders requested that EUPATI CH teach communication skills in order to improve direct interactions between patients and regulatory bodies.

Generally, stakeholders support EUPATI CH's collaboration with pharmaceutical companies in education and training but think that it should first be discussed and clarified in terms of content, modalities, audience, scientific freedom, and the role of EUPATI CH.

Another role EUPATI CH could assume is that of a neutral national platform that fosters multi-stakeholder events, channels patient-relevant information from the European level to the national level, and facilitates networking.

The need for multi-stakeholder collaboration to improve PI in healthcare is also the conclusion of a survey conducted by EUPATI BE, a platform for patient education established in 2017 as EUPATI's National Platform in Belgium (11). Its survey was conducted on different stakeholder groups (academic stakeholders, patient organizations, patients, industry, and policymakers) than those in our study. The major barriers to PI identified in EUPATI BE's survey were a lack of information and education, the lack of a favorable regulatory and ethics environment, a lack of PI awareness, low levels of communication and trust, and the lack of a systematic and structured approach. In all these areas, EUPATI and its national platforms could play a strategic and proactive role in the future.

Respondents' criticisms of EUPATI CH are useful for highlighting weaknesses in EUPATI CH's activities so far and for identifying activities that should be implemented in the near future. The lack of clarity regarding EUPATI CH's mission may be partly due to the limited extent and lack of clarity of information that EUPATI CH has distributed, but it could also be related to a lack of common focus in EUPATI CH's activities.

To address these criticisms, EUPATI CH needs to take a more systematic and structured approach to PI in order for its PI efforts to be efficient and effective. In addition, adequate funding, transparency, codes of conduct for all involved stakeholders, and overarching policies are needed. Another step EUPATI CH should take is to prepare clear, straightforward information on its mission, structure, and financial support as well as its relationship with pharmaceutical companies. This information can then be distributed through various platforms, communication channels, and social media. Other recommendations EUPATI CH can act on in order to fulfill its mission to improve patient empowerment are to provide more PI education and host multi-stakeholder events. With this in mind, EUPATI CH is currently preparing a training course for patients and patient representatives that aims to teach them the fundamentals of clinical research and how these fundamentals apply within the context of legal and ethical requirements in Switzerland.

From a more general perspective, an increase awareness of the community on the value and benefit of a direct involvement of patients in healthcare research should be pursued and supported by the different stakeholders to become an important component of clinical practice.
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Repurposing of authorised medicines has been under discussion for a long time. Drug repurposing is the process of identifying a new use for an existing medicine in an indication outside the scope of the original approved indication. Indeed, the COVID-19 health crisis has brought the concept to the frontline by proving the usefulness of this practise in favour of patients for an early access to treatment. Under the umbrella of the Pharmaceutical Committee and as a result of the discussions at the European Commission Expert Group on Safe and Timely Access to Medicines for Patients (STAMP) a virtual Repurposing Observatory Group (RepOG) was set up in 2019 to define and test the practical aspects of a pilot project thought to provide support to “not-for-profit” stakeholders generating or gathering data for a new therapeutic use for an authorised medicine. The group's initial plan was impacted by the outbreak of the SARS-CoV-2 pandemic and the launch of the pilot needed to be postponed. This article describes the progress and the activities conducted by the group during this past and yet extraordinary 2020–2021 to keep the project alive and explores on the background of this topic together with the obvious opportunities this health crisis has brought up in terms of repurposing of medicines.

Keywords: repurposing, off patent authorised medicines, COVID-19, patient access, European Union, repurposing observatory group, pilot launch


INTRODUCTION

Medicine repurposing is the process of identifying and substantiating a new use for an existing medicine/active substance outside the scope of the original indications (1–3) as well as the process of allowing a medicinal product to broaden its position in a relevant market (excluding the extension of an authorised indication to those of a new age group or to another genetic mutation). It includes new therapeutic uses for existing medicines, different formulations of the same medicine, and/or creating new combinations of medicines or medicines with medical devices. Repurposing of medicines is part of the routine research portfolio of both the pharmaceutical industry and academic institutions in the search for solutions for those conditions with unmet medical needs (4, 5) including aspects related to sustainability and patient access.

The perspective for repurposing is quite different when one considers finding a new use for (i) an active substance that has never been authorised (ii) a medicine that is still within intellectual property1 or regulatory data protection (6) or (iii) a well-known medicine that is out of any protection period. While pharmaceutical companies may find a commercial interest in pursuing a non-clinical and clinical development in the first two cases, they are less likely to carry out such development for out-of-protection medicines (7–10). In the third case, the current environment (regulatory and market access) does not encourage pharmaceutical companies to further explore existing opportunities in repurposing. A direct consequence is that pharmaceutical companies usually explore repurposing medicines that are still within the period of regulatory data protection. Other parties, including academic institutions and learned societies, are more willing in general to explore repurposing options when medicines are out of these protection periods (11). However, this academic research rarely has an impact in terms of regulatory recognition of a new use and indication. Academic sponsors usually do not intend to become marketing authorisation holders, and may have limited knowledge about regulatory requirements. In support, the EU Commission has initiated a regulatory science curriculum project called STARS2 (Strengthening Training of Academia in Regulatory Science) (12, 13). In addition, the current regulatory pathways do not foresee submission of data by parties that are not intending to be a marketing authorisation holder. This can mean that medicines are used outside their authorised uses (off-label) and official clinical guidelines might recommend their use based on available evidence, despite not being formally authorised (14, 15).



REGULATORY CONTEXT AND PROPOSED WAY FORWARD

There is a need to find a way for new and promising indications that will benefit patients in all EU member states in fulfilling an unmet medical need to be included on-label. Not converting off-label use into on-label use has a number of negative consequences. First of all, this means that this use is not included in the regulatory documents (i.e., summary of product characteristics and patient information leaflet). Hence, patients are not informed about the appropriate conditions of the particular use and warnings in the patient information leaflet. Patient access to potentially effective treatments may also be hampered in the absence of a formal authorisation. Moreover, when patients cannot lean on written and assessed information about the use it may lead to distrust or a sense of insecurity in the treatment. It may also have reimbursement impacts in some countries, but not in others (16). Secondly, established medicines that are no longer standard of care may also be withdrawn from the market without the full awareness of the potential off-label uses and patient needs, as these are not officially included in the label. Finally, repurposing of well-known, established medicines into new, sometimes higher priced medicines invariably introduces tension in the health systems that play against access. In other cases of investing in repurposing and adding a new indication to medicines' label, this effort is not recognised by market access mechanisms and prices remains the same as for other similar products without repurposed indication. It has therefore been recommended to find solutions to facilitate bringing new uses for medicines “on-label” by developing a collaborative framework between not-for-profit and academic organisations, patients organisations, pharmaceutical industry, health technology assessment bodies, payers, and regulators (17).

Within this context, a multistakeholder subgroup of the European Commission's Expert Group on Safe and Timely Access to Medicines for Patients (STAMP) started discussing a proposal to develop a framework for the repurposing of established medicines in the European Union. This group was made up of representatives of the European Commission, the European Medicines Agency (EMA), and National Competent Authorities (NCA) of several Member States as well as representatives of patients associations, research organisations and pharmaceutical industry associations and payers. On 11 July 2019, the Pharmaceutical Committee endorsed the proposal (18) of a framework to provide visible support to “not-for-profit” stakeholders, termed “champions,” who are generating or gathering data in accordance with regulatory standards for a new therapeutic use for an authorised active substance or medicine. The framework is only intended for medicines already out of intellectual property, data or marketing protection. The “champion” would typically be a “not-for-profit” organisation, for example an entity or a person from a charity or patient group, academic unit, learned society, research funder or payer. The framework builds on existing regulatory tools, namely support from the EU-Innovation Network (EU-IN) and scientific and/or regulatory advice provided through EMA and/or a NCA to provide guidance to the champion. The framework foresees that the champion would in time liaise with the marketing authorisation holder (MAH) of the potentially repurposed medicine, with the expectation that the latter can initiate an application for the new indication of use (i.e., on-label use) of the medicine by applying for variation, line extension or new marketing authorisation to a regulatory authority.

The next step is to establish a pilot to test the core components of the framework. This exercise would explore, among other aspects, the feasibility of producing and/or gathering by the “champions” of the required information for the regulatory approval, the adequacy of the current regulatory pathways as well as the suitability of current regulatory tools for the repurposing, and/or the challenges of the current systems for providing incentives to champions and MAHs to participate in the repurposing framework. Figure 1 gives an overview of the process of the pilot project.


[image: Figure 1]
FIGURE 1. Regulatory framework for the repurposing of medicinal products out of data and patent protection by not-for-profit-organisations.


For these purposes, a Repurposing Observatory Group (RepOG)3 was established in July 2019 with the aim of defining the practical aspects of the implementation of the pilot phase and to report on the success and opportunities of the project. The RepOG initiated its activities by further developing the framework: (i) establishing contact points and the steps for involvement of EMA's scientific advice working party (SAWP) and the EU-IN, (ii) developing materials such as a template for “champions” seeking scientific advice, (iii) a Question & Answer document, and (iv) a dissemination plan targeting potential “champions” as well as MAH with medicines that may be, at some point, be subject to the repurposing framework.



DISCUSSION

March 2020 was the planned date for launching the pilot in the EU. The commitment of the regulatory system was demonstrated by: the involvement of several NCAs and EMA via the EU-IN and the inclusion of the repurposing pilot in the EU-IN annual workplan; the inclusion of proposed actions to support repurposing in the EMA regulatory science strategy; and EMA's recent announcement that protocol assistance for academic organisations developing orphan medicines will now be free of charge (19). It can also be noted that EMA adapted the policy on conflicts of interest for patients/experts who would engage in drug repurposing or whose organisation would and which entered into force on 1 January 2021.

Unfortunately, we all know now that March 2020 is not going to be remembered because of the launch of a pilot project for repurposing. March 2020 will be kept in our minds because the SARS-CoV-2 virus causing a disease named COVID-19 struck our health systems, our societies and our citizens unlike anything else in the last 65 or more years. The EU and global medicines agencies had to reorganise themselves to tackle the health crisis and some ongoing activities were temporarily suspended or delayed. Among them, the launch of the repurposing pilot, the finalisation of materials to raise awareness of the repurposing project, and the regular meetings with stakeholders were postponed.

While the initial launch plans were interrupted by the COVID-19 pandemic, to some extent the pilot has started by itself. The health crisis has highlighted the massive opportunities for repurposing, acting as a kind of accelerator. This has become evident as knowledge and hypotheses about COVID-19 have emerged rapidly. EMA and the NCAs have been approached by sponsors in health care for central and national scientific advice on clinical trials in possible repurposing projects. In August 2020 there were more than 300 substances and 1,000 clinical trials recorded in a database produced by the Anticancer Fund4 (20). Moreover, in February 2021 there were around 1,600 drugs by over 1,000 sponsors in clinical trials recorded in a database by Informa Pharma Intelligence5 It is clear that repurposing of well-known medicines for COVID-19 disease is done extensively. Outside the scope of COVID-19, repurposing also seems to have taken off (21–23).

First, it has shown the various angles of repurposing, from medicines that have never been approved before but have been the subject of clinical development in other indications (like remdesivir), medicines approved but still within protection periods (e.g., tocilizumab, sarilumab or baricitinib, among others) to medicines out of protection periods (e.g., hydroxychloroquine, lopinavir, interferon or dexamethasone, among others).

Secondly, it has shown the different perspectives from where clinical proof or evidence may come. In fact, before the COVID-19 crisis, roughly 80% of the clinical trials approved were sponsored by pharmaceutical companies and only 20% by academic sponsors. During this crisis, these numbers were more or less reversed. Furthermore, the collaboration between public and private partners has also been remarkable, with pharmaceutical companies donating their medicines to ensure the fastest possible generation of evidence. Without doubt, saturation of health systems did not create the easiest environment for clinical research and clinical trials had to be designed and be adapted pragmatically to that situation. This has prompted a debate on the suitability of such clinical trials to offer meaningful pieces of evidence. However, the contribution of experiences in clinical trials such as the RECOVERY (24), comparing the use of dexamethasone or the usual care in hospitalised COVID-19 patients, SOLIDARITY (25), comparing the use of four repurposed antiviral drugs (remdesivir, hydroxychloroquine, lopinavir or interferon beta 1a) and the standard of care in hospitalised COVID-19 patients- and REMAP-CAP6 platform trial comparing multiple treatments for community-acquired pneumonia—should be highlighted and constitute an incredibly useful piece of evidence that complement others. These three examples of clinical trials are platform trials which compare head-to-head multiple treatments and where a “champion” acts as the sponsor.

Finally, it is also important to note that some of these results have prompted a timely recognition of a repurposed use. In July 2020, EMA initiated—at the request of the EMA Executive Director—a review (26) by the Committee for Medicinal Products for Human Use (CHMP) of the dexamethasone results from the RECOVERY trial. The CHMP issued an opinion recommending conditions for the safe and effective use of dexamethasone in adults and adolescents (from 12 years of age and weighing at least 40 kg) who require supplemental oxygen therapy. What is important is that, in view of the emergency situation, the CHMP exceptionally defined in its recommendation the conditions of use of dexamethasone in COVID-19 patients. Companies marketing dexamethasone medicines that wished to request this new use to be added to their product's licence could then base their request on the CHMP recommendation when submitting an application to national medicines agencies or to EMA (27). Whilst this mechanism was used in the context of an emergency situation, the importance of a scientific dialogue between partners and authorities for repurposing projects is pivotal. This is intended to be developed in the context of dedicated Scientific Advices as part of the pilot project.



CONCLUSION

The subsequent waves of the COVID-19 pandemic have once again delayed the launch of this project, however, the RepOG has resumed its activities and a proposal for a new date was agreed, the pilot project has finally been launched on the 28th of October (28). In addition to COVID-19 acting as an accelerator, repurposing is also described in the Pharmaceutical Strategy for Europe (29). Moreover, the proposal is also complementary with other important ongoing initiatives like the EU-IN workplan or the STARS project. Finding a smooth way for repurposing provides many opportunities for patients, health care professionals, cooperative and payers groups, and research institutions as well as for MAHs working in the innovation or generic/biosimilar side.

We recommend everyone to stay tuned.
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FOOTNOTES

1As per the World Intellectual Property Organisation (WIPO): Intellectual property (IP) refers to creations of the mind –everything from works of art to inventions, computer programs to trademarks and other commercial signs.

2https://www.csa-stars.eu/

3RepOG composition at the time of the paper elaboration: Anticancer Fund (ACF), Association Internationale de la Mutualité (AIM), Federal Agency of Medicines and Health Products, Belgium (FAMHP), European Organisation for Rare Diseases (EURORDIS), European Federation of Pharmaceutical Industries and Associations (EFPIA), European Medicines Agency (EMA), European Commission (EC), European Confederation of Pharmaceutical Entrepreneurs (EUCOPE), Medicines for Europe, Spanish Agency of Medicines and Medical Devices (AEMPS), State Institute For Drug Control (SUKL), Swedish Medical Products Agency (MPA).

4Covid19db | ReDO Project (redo-project.org).

5https://dataanalytics.citeline.com/coronavirus/

6https://www.remapcap.org-adaptative
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Background: Academic research is important to face unmet medical needs. The Oncological community encounters many hurdles in setting up multicenter investigator-driven trials mainly due to administrative complexity. The purpose of a network organization at a multinational level is to facilitate clinical trials through standardization, coordination, and education for drug development and regulatory approval.

Methods: The application of an European grant foresees the creation of a consortium which aims at facilitating multi-center academic clinical trials.

Results: The ERA-NET TRANSCAN Call 2011 on “Validation of biomarkers for personalized cancer medicine” was released on December 2011. This project included Italian, Spanish, French and German centers. The approval process included Consortium constitution, project submission, Clinical Trial Submission, and activation on a national level. The different timescales for submitting study documents in each Country and the misalignment of objections by each Competent Authority CA, generated several requests for changes to the study documents which meant amendments had to be made; as requested by the 2001/20/EC Directive, the alignment of core documents is mandatory. This procedure impacted significantly on study activation timelines. Time to first patient in was 14, 10, 28, and 31 months from the date of submission in Italy, France, Spain, and Germany, respectively. Accrual was stopped on 22nd January 2021 due to an 18F FES shortage as the primary reason but also for having exceeded the project deadlines with consequent exhaustion of the funds allocated for the project.

Conclusions: Pharmaceutical companies might be reluctant to fund research projects aimed at treatment individualization if the approval for a wider indication has already been achieved. Academic trials therefore become fundamental for promoting trials which are not attractive to big pharma. It was very difficult and time consuming to activate an academic clinical trial, for this reason, a study may become “old” as new drugs entered into the market. National institutions should promote the development of clinical research infrastructures and network with competence in regulatory, ethical, and legal skills to speed up academic research.

Keywords: ERANET, academic, regulatory in Europe, radiopharmaceuticals, PET


INTRODUCTION

Trials to improve the knowledge on personalized therapy strategies are usually developed on large-scale populations. Therefore, funding is a difficult issue, as the unmet medical needs to better understand who is really benefiting from a drug with a broad indication, does not necessarily arouse the interest of the industry (1). As a consequence, there is an unmet medical need that could be addressed by independent academic research in particular multi-institutional, international translational research. It is of great interest to strengthen translational cancer research with the integration of basic, epidemiological, preclinical, and clinical research with the implementation and evaluation of interventions in prevention, diagnosis, prognosis, treatment, and care. Oncological clinical research community encounters many hurdles in setting up multicentre trials, particularly for Investigator-driven academic trial. The main issues concern the administrative complexity and heterogeneous clinical staff training and infrastructure support that often limit the opportunity to participate into international clinical trials. Efficient planning and performance of clinical research rely on the interplay among teams of different clinicians and other components such as ethical committees, national and local authorities, promoter and drug manufactories, patient association, as well as hospital administration. Joining forces within multinational project applications and more interdisciplinary projects will be necessary to realize the full potential of the increasing number of developments for theragnostic applications. The scope of a network organization at a national level is to facilitate the effective use of molecular imaging in clinical trials through standardization, coordination, and education for drug development and regulatory approval. The Italian network model could be transferred to an European level to facilitate the participation of all network centers into Investigator-driven non-academic International multicentre clinical trials. Molecular imaging with PET is a rapidly emerging technique. In breast cancer patients, more than 45 different PET tracers have been or are presently being tested. But regretfully so far, only [18F]-FDG PET has been incorporated into breast cancer guidelines. PET tracers will likely allow better breast cancer patient selection for the right treatment. However, for proof of the clinical relevance of the tracers, especially for analysis in a multicenter setting, standardization of the technology and access to the novel PET tracer are required. Funding for such an approach has largely been lacking. The ERA-NET TRANSCAN call aims at combining translational cancer research funding programs in 19 Member States and Associated Countries. TRANSCAN will concentrate translational research resources and will provide relevant financial support to address large scale problems that will be relevant for the improvement of translational cancer research in every Member State and possibly overall in Europe. TRANSCAN will identify opportunities for coordinated translational research, and will thus contribute to the development of a coordinated funding research policy shared by European countries. The activation of an international, non-profit clinical trial supported by the ERA-NET (Aligning national/regional translational cancer research programmes and activities) and funded by the European Commission requires specific timelines according to the EU rules. This paper describes the complexity of activating an international study within the ET-FES TRANSCAN project in 4 EU countries (France, Germany, Italy, and Spain).



MATERIALS AND METHODS


Project Selection for Funding According to the Type of Call

The call ERA-NET on Translational Cancer Research (TRANSCAN) First Joint Transnational Call for Proposals (JTC 2011) on: “Validation of biomarkers for personalized cancer medicine” was available for a proposal submission on 10th of January 2012. The Chief Investigator (Italian PI) decided to submit a proposal on an interventional clinical trial for breast cancer patients: Early prediction of efficacy of endocrine therapy in breast cancer: pilot study and validation with [18F]-fluoroestradiol (FES) PET/CT - ET FES study. The availability of this non-invasive functional test to assess the endocrine responsiveness in the individual patient with multiple breast cancer metastasic sites represents an interesting option. The availability of new techniques such as molecular imaging with [18F]-FES CT/PET offers the opportunity to improve the ability to predict the probability of response to endocrine therapy. To be compliant with the call, a consortium was created with the purpose of implementing a network of clinical centers, each including Medical Oncology Unit and Nuclear Medicine Unit in order to optimize the multidisciplinary approach needed to perform this clinical trial for what concerned the clinical aspects, regulatory framework, logistic and technical aspects. The project coordinator implemented standard operating procedures (SOPs) and transferred them to the other participant partners, to set up an international EU network for this translational imaging project. While applications were submitted jointly by the coordinator of this group at an EU level, each Country was funded by the responsible national funding organization; funding was available by each national/regional funding organization according to their specific regulations. The funding rate within the call ranged up to a maximum of 100% of the funds requested, according to national/regional rules. Funding was granted for a maximum of 3 years according to national regulations. Applicants contacted their national/regional funding organizations prior to submitting a proposal to verify their eligibility, the eligible costs, and the potential budget available. Depending on the time needed for the administration of granting funds to the respective national/regional research groups, individual projects of a research consortium were expected to start between March and April 2013. Only if selected for funding, the project coordinator/promoter of the study, could have started the submission process of the clinical study in all Countries involved in the consortium taking into account that the clinical trial authorization process is on a national basis.



Ethics Approval Statement

Ethical approval was obtained from IRST and Romagna Ethics Committee (CEIIAV) on 22nd January 2014 (Prot. 426/I.5/242). It was conducted in accordance with the 1964 Helsinki Declaration and its later amendments and with Good Clinical Practice (GCP) guidelines. Written informed consent was obtained from all individual participants included in the study.




RESULTS


Approval Process for the European Project (Consortium Constitution and Project Submission for EU Approval)

The ERA-NET on Translational Cancer Research (TRANSCAN) Joint Transnational Call 2011 (JTC 2011) for European Research Projects on “Validation of biomarkers for personalized cancer medicine” was released in December 2011. In order to meet the call requirements, this study had to be international, so it was decided to include Spain, France and Germany. The Project Coordinator (PI) contacted the reference Nuclear Medicine Departments of each state and presented the project to them. The PI also looked for a Company authorized to produce the experimental radiopharmaceutical [18F]-FES. These relations made it possible to set up the project and prepare the documentation for submission to the European call.



Consortium Constitution

The Consortium provided high competence and expertise related to the project's scope for what concerned scientific, technological and regulatory areas. In particular, it consisted of five partners from four European countries and represented in all key actors in a balanced way, in a trustworthy domain and addressed the project's key topics. A collaborative network was newly established among the Nuclear Medicine physicians, sharing all aspects related to the [18F]-FES with particular emphasis on logistical and technical aspects. The Project Coordinator and Sponsor was E.O. Ospedali Galliera, Genoa, Italy; the other partners were Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori, IRST IRCCS (Italy), Vall d'Hebron Insititute of Oncology (VHIO, Spain), Breast Center, Dept. OB&GYN, LMU University Hospital, Munich (Germany) and Institut Curie—Hôpital René Huguenin, Department of Medical Oncology (France). All these partners are medical Institutions of excellence, particularly dedicated to biomedical and health system research with its focus on cancer. Advanced Accelerator Applications (AAA), a French radiopharmaceutical company operating in the diagnostics and therapy field of Nuclear Medicine, located in the Technology Park (Ain, Saint GenisPouilly) was also part of the consortium and developed [18F]-FES for the ET-FES TRANSCAN project.



Project Submission

After the letter of intent had been approved, the final ET-FES application was uploaded on 2nd July 2012. The proposal was approved for funding by email on 11th October 2012 by the ERANET Committee and TRANSCAN Secretariat. No additional information on the Scientific Evaluation Committee's judgments or extent of funding overall and in the different countries was provided. The Secretariat suggested that all principal investigators contacted their respective national funding organization in order to start the (national) negotiation process. The official starting date for the project was the 30th of June 2013, 8 months after the expected date. This was due to the extensive and time consuming negotiations between E.O Ospedali Galliera (Project Coordinator, PC), the Italian Ministry of Health and Liguria region as legal regional representative. In October 2013 the PC/Sponsor of the ET-FES study received the final approval from Liguria Region allowing the start of the approval procedures, which was 4 months after the official start of the project. The first scientific report was due in December 2013 and required a summary of the activities performed on the project on the 1st year, with economic justification. The Slovak Academy of Sciences (SAS) as the TRANSCAN partner responsible for the monitoring of JTC-1 received the report in time.



Clinical Trial Submission and Activation

The study was configured as an academic, interventional clinical trial; the radiopharmaceutical ([18F]- FES) used for PET/CT must comply with the legislation on drugs; current legislation on Clinical Trials must be observed (European directive 2001/20/EC declined in the various Member States, Decree n° 211 for Italy). [18F]-FES is a radiopharmaceutical that is not easily produced and it has no Marketing Authorization yet. On 29th September 2013, clinical ET-FES study protocol was finalized and approved by all the involved partners.

None of the countries could begin the study until approval by the reference Ethics Committee (EC)/Institutional Review Board (IRB) had been obtained and until the local regulatory requirements complied with the national competent authorities. The Sponsor provided each Country with the core documents (final protocol, Investigator's brochure, Investigational Medicinal product dossier, subject information sheets, consent forms) (2) and all other relevant study documentation for local required submissions. Patient Informed Consent was completed and translated into the different languages. A trial insurance policy was stipulated. The principal investigators and the Sponsor ensured that the study was conducted in full conformance with the 1964 Declaration of Helsinki principles and with the laws and regulations of the country in which the research was being conducted, whichever afforded the greater protection to the individual. The study had to fully adhere to the principles outlined in “Guideline for Good Clinical Practice” ICH-E6 Tripartite Guideline (January 1997) and with national laws. For the Study conducted in the EU/EEA countries, the Principal investigator would ensure compliance with the EU Clinical Trial Directive (2001/20/EC), ICH GCP and EU Data Protection Directive (95/46/EC).

In parallel, the development process of [18F]- FES, according to Good Manufacturing Practice (GMP), started in January 2013 and it was completed in November 2013. All the logistics for tracer shipping and delivery had been set up. A Financial contract was put in place between AAA and the project coordinator in order to define the budget and timing for study drug supply. Study drug would be provided to all the Sites (3) from French laboratories. [18F]-FES was defined as Investigational Medicinal Product (IMP). The current “Clinical Trials Directive” defined the requirements for authorization of manufacturing an IMP, which includes applying Good Manufacturing Practices (GMP). Within this regulatory framework, also Good Clinical Practices (GCP) for conducting clinical trials were mandatory, stating responsibilities, requirements, and structure of clinical trials (ICH GCP). The documentation package for a clinical trial application included both information on the IMP as well as on the conduct of the clinical trial itself. All the information concerning the radiopharmaceutical to be used in the trial was included in the Investigational Medicinal Product Dossier (IMPD) (4, 5). The information in the IMPD has to be given in a standardized way, which is based on the so called Common Technical Dossier (CTD) format, which is also used in applications for marketing authorization. The IMPD addressed chemical and pharmaceutical properties covering the quality of a new release criteria, analytical procedures and their validation; in the second part of the IMPD, information on the safety and efficacy of the IMP should be provided (3). Regarding the quality part of IMPD, the Company sent the quality dossier directly to Competent Authorities (CAs) in order to maintain the confidentiality of [18F]- FES production data; therefore the objections from CA would be communicated to the Company only. This process certainly makes the authorization process more complicated as the Sponsor (different from the Company) is not directly involved in the quality IMPD submission and must wait for approval of this part which is not under his direct control and responsibility. The Investigational Medicinal Product Dossier (IMPD) and the Investigator's Brochure (IB) have to be finalized and provided for submission to the CAs by the Clinical Trial Sponsor. Under the Directive, Clinical trial application has to be approved on a national level both by EC/IRB and national CA within defined timelines according to Directive. National radioprotection competent authorities were also involved and there was a very time- consuming procedure related to the high heterogeneity between Countries.

Each National Principal Investigator submitted the study to its own EC/IRB and CA. The ET-FES study was submitted in Italy to the Coordinating EC and CA in December 2013 and it was approved by Coordinating EC in January 2014 while final AIFA approval came on 13th August 2014 and Ministry of Health (radioprotection Office) approval in October 2014. In February 2015 the submission package was sent to France EC/IRB and CA and the final approval came on 01st Jul 2015. On 24th November 2014 the submission package was sent to Spanish EC/IRB and CA and the final approval was released on 08 August 2015 (conditioned approval) by AEMPS. On January 8th 2015 submission package was sent to Germany EC/IRB and CA but the final approval came only in March 2017 (re-submission was required to avoid a refusal due to quality IMPD concerns).

The time to EC approval was 1.5 months for Italy, 2.5 months for France, 2.5 months for Spain, and 13 months for Germany (due to amendment submission). The time to CA approval was: Italy 8 months, Spain 8.5 months, France 5 months, and in Germany 26 months (due to re-submission) (see Table 1 and Figure 1). Overall, no ethical objection was raised by any of the ECs; some minor clinical and methodological issues were raised from the EC/IRB in Germany and Spain. Issues from the CAs were raised in all countries, except France (12 queries in Italy, 21 in Spain, and 34 in Germany), mainly regarding quality aspects of [18F]-FES IMPD (see Table 2). At Sponsor level, the time to the final agreement signature with the [18F]-FES manufacturing company required 13 months. After finalization of all contracts and approval by EC and AC, the first patient was enrolled on 6th February 2015 in Italy: this was 14 months after EC submission and 20 months after the official start of the ET-FES project, as set up by the Italian Ministry of Health and communicated to the Joint Call Secretariat (JCS). The time to first patient in was 10, 28 and 31 months from the date of submission in France, Spain, and Germany, respectively (see Figure 2).


Table 1. Timelines.
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FIGURE 1. Timelines.



Table 2. Objections by EC and CA.

[image: Table 2]


[image: Figure 2]
FIGURE 2. Sites activation.


In particular, in Germany, the main reason for the delay was a difficult and time-consuming approach to get approval by CA for the study (6), which was already enrolling patients in Italy and France; Germany's CA raised several questions concerning the quality aspects (quality IMPD) of the tracer which had been approved to be used in the study in Italy, France and Spain. German CA concerns mainly addressed cold chemical precursor: according to CA request, it should be described and characterized to an extent which was usual for active substances in clinical trials. These changes had to be submitted as Substantial Amendment to the current IMPD and they took time to align the Country specific documentation also for Italy, France, and Spain.

The different timescales for submitting study documents in each Country and the misalignment of objections by each CA, have generated several requests for changes to the study documents with the consequent need to make Amendments; as requested by the 2001/20/EC Directive, the alignment of Core documents is mandatory. This procedure was time consuming and impacted significantly on study activation timelines. In addition, during the entire period of study activation, there was a change in the therapeutic landscape and management of patients with endocrine sensitive MBC. Introduction and approval of CDK 4/6 inhibitors and PI3K-inhibitors in combination with endocrine treatment was recommended by ESMO and national guidelines as the first choice of treatment for first line therapy for HR-positive MBC. This new information was approached with a further Amendment to the clinical protocol. Spain left the project in June 2018 due to funding shortage after enrollment of three out of 10 preplanned patients; France and Italy completed accrual as planned; Germany enrolled eight patients but stopped accrual in 2019. The total number of enrolled patients was 147 out of 310 planned patients (47.4%) of which 88 in Italy, 48 in France, eight in Germany, and three in Spain. Overall accrual was stopped on 22nd January 2021 due to [18F]- FES shortage as the primary reason but also for substantially exceeding the project deadlines with consequent exhaustion of the funds allocated for the project.




DISCUSSION

There has been an increasing interest in molecular imaging by experimental radiotracers in oncology. Especially with the approval and introduction into clinical practice of effective but extremely expensive new targeted agents, the sustainability of the cost of these medications is rapidly becoming an emergency in health policies in the EU. For this reason, personalized medicine is quickly becoming an unmet need also in health economics. The possibility of treatment individualization, based on the detection by molecular imaging of the in vivo activity of drug targets and pathways, in addition to molecular assessment on tissue biopsies, may represent the missing step in delivering the right (expensive) drug to the patient with the highest benefit. This will also optimize treatment in those patients who are not likely to respond, thus sparing ineffective therapies. However, this process requires the formal validation of these new molecular tracers in well-designed translational trials. These types of trials are particularly difficult in terms of “sustainability” as well. Additionally, the costs of new radiotracers and of high-quality research are high, so dedicated funding is needed and can only be achieved through academic grants. Pharmaceutical companies are of course reluctant in principle to fund research project aimed at treatment individualization if the approval for a wider indication has already been achieved. Academic trials therefore become fundamental for promoting trials which are not attractive to big pharma. To this context, our project could provide additional evidence on the performance of these innovative techniques in treatment individualization based on the results of a randomized clinical trial. Directive 2001/20/EC intended to harmonize clinical trial application but in practice, the regulatory requirements are not really harmonized due to specific regulatory requirements and variability across EU Members States (MS) in particular for innovative drugs including Radio-pharmaceuticals. This problem will be overcome by European Regulation 536/2014 that will come into force on 31/01/2022 as the new submission procedure will be centralized. An existing pathway that could has been used to facilitate the process is the Voluntary Harmonization Procedure (VHP), an Initiative of the Clinical Trials Facilitation Group to gain experience in the practical work within the ideas of a “CT- regulation” and to offer an option for sponsors and Member States to achieve harmonized multi-national clinical trials and share workload. From a regulatory perspective, taking into account that the ET-FES trial involves an experimental drug ([18F]-FES), without Market authorization in the EU, the approval process was timely completed at EC level in all the participating institutions but time to CA approval was unexpectedly different in the various countries; this was probably due to a different interpretation of the rules, guidelines and requirements from each local CA, indicating the absence of really harmonized procedures as requested by the 2001/20/EC Directive. Furthermore, additional causes of delay were encountered: in Italy, the critical issue concerned the administrative procedures to activate this type of international EU projects, requiring a suboptimal time span, in order to satisfy all the legal aspects on contracts by public bodies, in Germany some radioprotection concerns further delayed authorization. These issues and timelines need to be considered and solved, when applying for EU calls where the allowed project duration is 3 years. Performing a clinical trial requires a dedicated infrastructure to deal with the administrative and regulatory requirements; for this reason, it may not be accessible for Academia or Collaborative Groups, to deal with national and even more with an international clinical trial. Administrative aspects at local institutions, ECs, ministry of health and other involved agencies were very difficult to approach. This was also due to the fact that in addition to the ERANET programme rules, each center has to obey national laws and regulations concerning Clinical Research. Indeed, in our experience, each regulatory competent authority asked for different modifications of the study protocol, mainly IMPD and Investigator Brochure of [18F]-FES, which we had to solve before starting of the project. It was very difficult and time consuming to align all the changes requested by the national competent authorities; for this reason time elapsed and the study became “old” as new drugs came on the market. Nevertheless, with a strong commitment from all partners we finally overcame almost all the bureaucratic, administrative and regulatory problems and the study was finally activated. Unfortunately the project had only a 3 year duration and the costs could no longer be allocated to the European project. The implementation of a national network for co-operation in clinical science would facilitate multidisciplinary clinical research, as well as provide guidelines and models of good practices for national support infrastructures. Hub and spoke networks of oncological centers, along with a multidisciplinary approach, is the winning strategy to offer additional skills and expertise through the involvement of different specialists not always heavily involved in clinical research. In this project, in particular, nuclear medicine is a crucial aspect and the standardization of image acquisition protocols is one of the most important requirements among network participating centers. It's important that the hub of the network provides a dedicated infrastructure to harmonize the roles and responsibilities, facilitate the communication between the trial promoter and each center/ethical committee/national and local competent authority, supervise the timing of each step and provide help in those centers requiring expertise and support for specific duties related to the trial. Furthermore, it should produce and diffuse specific guidelines to enhance the comparability of data acquired by molecular imaging and to boost molecular imaging so that it becomes a standard diagnostic modality in future clinical medicine and research (7, 8).

Main barriers to speeding up the process and the possible solutions can be categorized in three main areas:

1. Administrative complexity:

a. Approval at European level—an experienced grant office is needed to speed up the submission in particular for the national funding aspects.

b. EC and CA approval—even if the scope of European Directive was to align all study documents, in practical there is eterogeneity; documents should be centralized and made available for all researchers with a forum for academic investigators to share their issues. The regulatory competencies should be shared and implemented in collaboration with the relevant international agencies and ethics committees. Scientific advice and support for non-commercial sponsors should be provided with practical support for clinical trial submissions through an easy to-follow flow chart and guidelines.

c. Local feasibility approval—for administrative and economic items there is an urgent need for a centralized management; for radioprotection, the new Directive 2013/59/Euratom should facilitate but an alignment by all Competent Authorities on this topic is needed.

2. Heterogeneous staff training: Developing training, education and knowledge in clinical research for whole the multidisciplinary team will further a “culture” of clinical research and create a professional network of experienced people.

3. Infrastructure support: The presence of adequate personnel within regulatory and legal office, grant office, radio pharmacy, clinical trial office (study coordinator and biostatisticians) is the winning strategy to reach the goal. All these expertise are involved from clinical protocol writing to final data analysis. National institutions should promote the development of clinical research infrastructures with the above competences and support functions organized in networks of research units and investigators.

A summary of main barriers details and possible solutions are reported in Table 3. All these barriers and realistic timelines must be taken into account when evaluating project feasibility, before applying for an European grant.


Table 3. Main barrier details and possible solutions.
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The European Medicines Agency provides Scientific Advice to medicines developers and patient input has been an integral part of this process for many years. As end users of medicines, patients bring their perspectives to many different processes along EMA's regulatory pathway, complementing the scientific expertise. While the value of including patients has been well-demonstrated over the years, requests for evidence of their impact continue. Using Scientific Advice as a case study, data was collected over a four-year period to assess the number of patients involved, where they contributed, as well as the impact and added value of their input. In this paper, we show that patients' contributions have a tangible impact on the recommendations provided to developers and in over half of the cases, this led to further discussion on relevant patient perspectives. These data provide quantitative evidence of the value of patient input in medicines development and supports EMA's continued inclusion of their voice throughout the medicine's lifecycle.

Keywords: scientific advice (SA), regulation, medicines, patient engagement (PE), added value


INTRODUCTION

Scientific advice is an important tool in the medicine regulatory lifecycle (1, 2). The European Medicines Agency (EMA) began offering scientific advice in 1996 to provide guidance to medicine developers on all aspects of the development programme from quality of the manufacturing process, to non-clinical and clinical aspects including methodological issues. The Scientific Advice Working Party (SAWP) makes recommendations in response to questions posed by medicines developers. Scientific advice aims to support developers to provide robust evidence for benefit–risk assessment at the time of marketing authorisation application (MAA), thereby facilitating the introduction of new, safe and effective medicines (3). While scientific advice is voluntary and non-binding, compliance with the recommendations has been shown to correlate with successful MAAs (4). Scientific advice is one of the earliest activities where EMA began engagement with patients.

Patients, as end users of medicines are key stakeholders of the Agency and are invited to contribute to EMA's work based on their experience of living with a particular condition and its treatment. The importance of involving patients in all aspects of medicines development is no longer disputed, yet questions concerning how best to capture and use their input and how to measure their impact are still being raised.

EMA has been actively engaging with patients since its creation in 1995, beginning with informal discussions with patient groups that have now evolved to more formalised interactions as set out in the Framework for interaction with patients and their organisations (5, 6).

Patient engagement has evolved and diversified over the years in parallel with the expansion of EMA's remit. There are several categories of patient representation at EMA; those who represent all patients in the European community as members of the EMA Management Board and scientific committees; those who represent their organisation via membership of EMA's Patients' and Consumers' Working Party (PCWP) or participation in workshops and responding to EMA public consultations. Finally, patients represent themselves as individual experts for medicine-related activities such as scientific advice, scientific advisory groups (SAGs) and the review of documents destined for the public such as medicines overviews, safety communications and package leaflets (7). Various engagement methodologies have been tested and implemented over the years, resulting in established procedures to include the patient voice all along the medicines regulatory lifecycle at EMA (8).

Patient involvement in scientific advice began in 2005 when rare disease patients requested to be involved in protocol assistance procedures for medicines with an orphan designation. Success of this activity led to the inclusion of patients in scientific advice for medicines without an orphan designation from 2013 as well as parallel procedures of scientific advice and health technology assessment (HTA) bodies (Figure 1). The term “scientific advice procedures” will be used to encompass scientific advice, protocol assistance (applicable to orphan medicines only) and parallel EMA/HTA bodies consultations (9).


[image: Figure 1]
FIGURE 1. Number of patients involved from 2008 to 2020, by procedure type (protocol assistance, scientific advice and parallel procedures with HTA bodies). Data collection on patient involvement in scientific advice procedures began in 2008.


Scientific advice was selected as EMA has many years of experience engaging with patients in this area, there is a good data set covering several years that represents a collaborative activity within EMA as well as with patient groups. A steady increase of patient involvement in scientific advice procedures has been observed over the years correlating with the increase in requests for scientific advice to EMA (8) and the increased efforts made by EMA for patient involvement. In this study we show the added value of patients' contributions to medicines development as well as to a broader understanding of living with the condition.



METHODOLOGY


Identification of Scientific Advice Procedures for Patient Input

Scientific advice requests that would benefit from patient involvement were identified during monthly meetings with EMA scientific advice office. Not all procedures required patient participation if, for example, advice is only sought on non-clinical, regulatory or statistical issues. Individual patients were invited primarily to comment on clinical aspects, such as comparator treatments, endpoints and patient populations in prospective clinical studies as these relate to the objectives and feasibility of the clinical studies.



Identification of Patients

EMA works with a diverse group of EU patient organisations that meet strict eligibility criteria with respect to representation, funding and transparency (10). The term patient is used to encompass patients, consumers or carers. Patients may be identified and contacted through an EMA eligible patient organisation or via an EMA database of individuals, established in 2016, who wish to participate in EMA's activities. Patients who have registered their interest in participating may be contacted directly when a procedure in their disease area of interest arises. Currently more than 180 organisations and 500 individuals are registered in EMA's stakeholder database.



Criteria for Patient Involvement

There are several criteria that were used to select patients; usually one and sometimes two patients are invited to participate in a scientific advice procedure. English is the working language at EMA, and all patients must have a level of understanding that would enable them to read the relevant documents and comment in writing or in person. Depending on the questions raised, the level of experience can vary from a newly diagnosed individual, a carer or a long-term patient advocate representing the condition. Having followed a training course on medicines' development is beneficial but not a pre-requisite for involvement. As with all other experts participating in EMA activities, patients were required to complete a confidentiality agreement and declare any competing interests, which were assessed prior to formal invitation. EMA experts were generally residents of an EU Member State.



Collection of Feedback and Analysis of Patient Input

The EUSurvey tool (European Commission's official survey management) was used to create a survey and collect data related to patient involvement. The survey was created with colleagues in the EMA scientific advice team and contained 11 questions (Annex I).

The first part of the survey asks about the coordinators' perspective, whether they had any interactions, in writing or by telephone, with the patient prior to their participation in the procedure. This also included whether the patient was adequately prepared (with respect to their role and understanding of the procedure) as well as the areas where patient input was sought. Terminology used in the survey was consistent with terms used and understood by all coordinators. EMA colleagues responsible for specific scientific advice requests, referred to as procedure coordinators, were sent a survey at completion of each procedure (Day 40 for written procedures or Day 70 for procedures where a meeting was held).

Patients were also sent a survey (created in EUSurvey) at completion of each procedure to gather their perspectives on their involvement in the scientific advice procedure (Annex II). The survey was sent to patients at completion of each procedure along with a letter of thanks for their participation, meeting minutes (in the case a meeting was held) and the final letter of advice sent to the medicine developer. No personal data was collected via the surveys. Questions to the patients included whether what was expected of them was clear, if they had enough opportunity to contribute to the procedure and if they felt their comments were considered during the activity. As responding to the survey is voluntary, EMA did not follow up to obtain feedback unlike with the surveys completed by coordinators.



Data Analysis

A total of 371 survey responses were received from the procedure coordinators for the four-year study period. Analyses were performed using aggregated data for each survey question. To determine the percentages shown in Figures 2, 3, the total number of responses received for each question was divided by the total number of survey responses received (n = 371) to ensure a consistent denominator. Several survey questions allowed more than one response.


[image: Figure 2]
FIGURE 2. Areas of development plan where patients provided input. More than one category could be selected for each survey question.



[image: Figure 3]
FIGURE 3. Additional input by patients on aspects such as real-life experience, different perspectives and other considerations were also measured (2017–2020).





RESULTS


Responses to Surveys by EMA Procedure Coordinators

For the study period of 2017–2020, a total of 371 survey responses were received for the 478 patients (78%) who were involved in scientific advice procedures related to clinical development (11). The results for each year, 2017 (90/129; 70%), 2018 (75/101; 74%), 2019 (110/139; 79%) and 2020 (96/102; 94%), show high response rates. On average patients are involved in one in five (20%) scientific advice procedures that include clinical questions (8).


Contact With the Patients

The majority of coordinators (91%) contacted the patients prior to their involvement to explain the process of scientific advice and where their input would be helpful.



Areas for Patient Input

Requests by coordinators focused primarily on aspects such as study population (77%), endpoints (74%), study feasibility (52%), quality of life (48%) and other aspects such as patient-reported outcomes, biomarkers and safety issues.



Where Patients Made Contributions

Figure 2 shows that patients most often commented on the selection of the clinical trial population (49%), the choice of endpoints (48%), study feasibility (52%), quality of life studies (48%), and also bringing in a real-life perspective of living with a condition (as patient or carer), offering a perspective different to the medical and scientific experts and raising issues that had not previously been considered by the Scientific Advice Working Party. “Other” areas included general insights into the condition, its daily impact and treatment options. Overall, input resulted in further reflection by the working party in more than half of the cases (52%).

The survey also measured whether the recommendations provided to the developer were modified as a result of patient input. The results showed that the final advice letter was modified in 20% of cases based on patient contributions. Importantly, the vast majority of cases where patient input did not change the final advice, is correlated to the fact that patients agreed with the proposed development plan.

The added value of patient input was measured for the areas listed in Figure 3 with “bringing the real-life experience of living with a condition and its treatment” ranking highest (71%), followed by “offering a different perspective” being outlined (42%) as well as “raising issues that had not previously been considered” (15%). These aspects complement the contributions to the specific questions raised by the developers on the clinical trial aspects and contribute to future recommendations in the same therapeutic area.




Responses to Surveys From Patients

EMA also received 125 survey responses from participating patients for the same reporting period. Participants could contribute to a scientific advice procedure in writing or in person when a meeting with the medicine's developer was organised.

Participation in scientific advice: almost equally split between contributing in writing (49%) or attending a meeting (51%). There was some overlap as some patients who attended meetings also provided comments in writing.

In most cases (86%), patients responded that they understood what was expected of them in terms of their written contribution and 83% felt that they were able to provide input to the issues raised in the scientific advice request.

Patients who attended meetings (in person or virtually) reported in 90% of cases that they understood what was expected of them in the meeting and felt in 92% of the cases that they had an opportunity to provide input to the discussion.

Overall 75% of patients felt their comments were taken into account, both in writing and while attending meetings but when looking at the breakdown, there is a higher response rate (86%) when patients attended meetings compared with 76% when contribution was only sought in writing.

The majority of patients (80%) felt positive about their overall experience of participation. The main barriers identified by patients were the complexity of the information to review and the short deadlines for contributing particularly during written procedures.




DISCUSSION

In this paper we describe the contributions and added value of patient participation in scientific advice procedures at EMA, which has not previously been assessed in a quantifiable manner. We describe the methodology used to involve patients in scientific advice and present an analysis of feedback received from the EMA procedure coordinators as well as the patients who have participated.

While regulators and other experts can provide guidance on many aspects of the complexities of medicine development, the day to day experience of living with a condition and its treatment can only be addressed by someone with first-hand experience. The data presented here offers unique insights as it is the first time that such impact data is being presented by a regulatory body. We have highlighted how patients fill an important gap by providing real-life experience of the conditions and their treatments, in addition to providing input into the clinical aspects of the development plans.

As a result of patient input, one in five scientific advice responses provided to the medicines' developers were modified and in 90% of the cases where no modification was made, patients agreed with the proposed development plan. Overall, their contributions led to additional reflection by the EMA procedure coordinators in more than half of the cases. This demonstrates that there are two levels of impact which can be considered; first where patients input results in a change to the recommendations provided by a medicines' regulator to a developer, second where patients agree with a proposed development plan, therefore not necessitating additional changes to the advice given. In addition, patients who were contacted prior to the procedure starting appeared to be better prepared than those who were not.

Our analysis supports the continued involvement of patients in scientific advice and illustrates the importance of including this stakeholder group in early dialogue between regulators and medicines' developers. There is clear alignment of both EMA procedure coordinators and patient participants that patient involvement in this activity is beneficial. In nearly all cases, EMA procedure coordinators indicated that patient participation was of added value and the majority of patients felt that their comments were impactful.

The authors acknowledge that further analysis could be performed on survey responses per therapeutic area of conditions for which scientific advice was sought. Another limitation to acknowledge is that the patients involved in the procedures across the years were not always the same and a diversity of experience and input would be observed due to the mix of those who were new to EMA activities and those more experienced patient experts. While the questions related to the different aspects of the development plan are clear well-defined for the scientific coordinators, questions related to the additional value brought by patients such as “bringing the real-life experience”, “offering a different perspective” and “raising issues not previously considered” could be considered subjective and thus open to interpretation by individual coordinators.

The feedback from patients is also encouraging. One respondent described their involvement as “a highlight in 17 years of patient advocacy work” and another commented “I really appreciate the relevance EMA gives to patients” voice in the procedures. Taking into consideration our opinion from the beginning, it is beneficial for all stakeholders'.

The complexity of the information on which patient input is sought and the regulatory timelines of scientific advice were difficulties raised by some respondents. EMA aims to lessen this as much as possible by asking patients to focus on the sponsor's clinical questions and by providing one-to-one individual support throughout the procedure. Importantly, our analysis shows that patients were more likely to be more prepared to participate when they had been contacted by the EMA procedure coordinator prior to their involvement. The importance of prior contact is crucial as it allows for better preparation and thus more meaningful contributions by patients. In addition to one-to-one support provided by EMA staff, patients participating in EMA activities can benefit from various multimedia training resources online (12). EMA also holds stakeholder training days where attendees participate in interactive small group sessions on various regulatory activities including scientific advice.

We acknowledge that the involvement of only one or in some cases two patients per procedure can mean that the views expressed are not necessarily representative of the entire patient community in a given disease area. EMA is exploring additional methods to gather input from the wider patient community. Following the publication of a patient preference study involving multiple myeloma patients in 2016 (13), EMA is exploring the feasibility of conducting similar studies in other disease areas. EMA also collaborates with the IMI-PREFER project, a consortium of stakeholders who have explored the use of patient preference studies in regulatory, academic and industry settings (14). In addition, the Agency is examining the possibility of facilitating focus groups to gather the opinions of several patients on a given topic. The use of focus groups and patient preference elicitation will complement rather than replace one-to-one discussions involving individual patients. Each methodology has value and addresses different needs. Together these activities will help to further develop and strengthen the patient voice in regulatory procedures, which is further reinforced by the recommendations in the EMA Regulatory Science to 2025 (15) and comments received during the public consultation (16).

It is important to bear in mind that patients contributing at European level can also provide their expertise at national level. We hope our findings encourage national competent authorities who have not yet involved the patient voice in their procedures to explore this possibility.



CONCLUSIONS

Our analysis illustrates how patient input enriches and complements the medical and scientific discussions in EMA scientific advice procedures. Patients provide their perspectives on a wide spectrum of clinical questions posed by medicines' developers. Patient input adds value in many ways as they offer a different perspective to other experts; they bring experience of living with the condition and its treatment into the discussion. They raised issues that had not been previously considered and, in some cases, they agreed that regulators and developers are taking the right steps. Impact is not only measured by making changes or disagreeing with the recommendations. Importantly we have demonstrated that patients' contributions to these procedures make a difference and that their suggestions lead to concrete additions to the final scientific advice issued.

The added value of patient input is not exclusive to scientific advice procedures and they are involved in other regulatory procedures such as scientific advisory groups and in consultations by EMA committees, which are both systematic and evolving at EMA. Thus, the demonstrated value of patient inclusion in scientific advice not only supports EMA's continued inclusion of the patient voice throughout the medicine's lifecycle and the diversification of activities where patients participate, but also provides tangible evidence of impactful importance of engaging with patients. There is a need to further expand patient input to real-world evidence, patient reported outcomes, patient preferences and patient experience data, which can only be to the benefit of public health in the EU.
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This study aimed to assess the research on medical Artificial intelligence (AI) related to sex/gender and explore global research trends over the past 20 years. We searched the Web of Science (WoS) for gender-related medical AI publications from 2001 to 2020. We extracted the bibliometric data and calculated the annual growth of publications, Specialization Index, and Category Normalized Citation Impact. We also analyzed the publication distributions by institution, author, WoS subject category, and journal. A total of 3,110 papers were included in the bibliometric analysis. The number of publications continuously increased over time, with a steep increase between 2016 and 2020. The United States of America and Harvard University were the country and institution that had the largest number of publications. Surgery and urology nephrology were the most common subject categories of WoS. The most occurred keywords were machine learning, classification, risk, outcomes, diagnosis, and surgery. Despite increased interest, gender-related research is still low in medical AI field and further research is needed.
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INTRODUCTION

Gender medicine investigates the influence of sex/gender on the pathophysiology, prevention and treatment of disease, and the social and psychological aspects of illness (1, 2). Although medical research has been performed dominantly on men both in preclinical and clinical studies (3), there have been continuous efforts to overcome this gender bias (4). Since Healy B proposed gender differences in clinical outcomes (5), the subject has been discussed extensively, including in medical fields such as cardiovascular and gastrointestinal disease and oncology (6–9).

Artificial intelligence (AI) is a branch of computer science in which machines are developed to mimic human intelligence, including cognition, perception, and problem-solving (10, 11). This field has developed quickly and been applied to many areas, including medicine (11, 12). With its sophisticated algorithms, AI assists doctors and health professionals with data management, image-based diagnostics, robotic surgery, prediction models, and decision-making support (13, 14).

The widespread application of AI has promoted research in related fields, supporting the implementation of AI technologies in health care (14). Guo et al. found that publications on health care related to AI increased an average of 17% per year since 1995, with a steep increase of 45% between 2014 and 2019 (15). Along with the increased number of publications in medical AI, gender differences are important in other research areas. As bibliometric analysis quantitatively analyzes scientific publications, it can provide researchers and stakeholders with a macroscopic overview of research trends and help develop further research direction and policy. This study aims to assess the research activity on medical AI related to sex/gender and explore the global research trends over the past 20 years.



METHODS

We extracted bibliographic data on gender-related medical AI articles from Web of Science (WoS) Core Collection. WoS Core Collection, which contains over 20,000 peer-reviewed, high-quality journals published worldwide covering various fields (16), is one of the most well-established and commonly used databases for bibliometric analysis (17, 18). Articles from 2001 to 2020 were collected using the following search terms: {TS=(“artificial intelligence” OR “machine intelligence” OR “artificial neural network*” OR “machine learning” OR “deep learn*” OR “natural language process*” OR “robotic*” OR “thinking computer system” OR “fuzzy expert system*” OR “evolutionary computation” OR “hybrid intelligent system*”)} AND {TS=(disease* OR illness OR health-related OR medic* OR “medical diagnosis” OR treatment OR health* OR wellness OR well-being OR prescription OR drug)} AND {TS=(gender OR sex OR male OR female)}.

The inclusion criteria were: (i) articles, review articles, and editorial materials; (ii) publications from 2001 to 2020; and (iii) full texts published in English. Articles were excluded if they were a proceeding paper, meeting abstract, book review, book chapter, or correction.

For bibliometric analysis, we extracted the title, abstract, year of publication, journal name with impact factor, authors, institution, country, WoS subject category, keywords, and number of citations. We determined the annual publication growth, the relative research interest (RRI), and percentage of gender-related articles in the medical AI area. Four 5-year periods (2001–2005, 2006–2010, 2011–2015, and 2016–2020) were used to compare the progress of each country. Two bibliometric indicators, Specialization Index (SI) and Category Normalized Citation Impact (CNCI), were computed by InCites with the following equation (19, 20):

[image: image]

We also analyzed the publication distributions by institution, author, WoS subject category, and journal. We used VOSviewer (Leiden University, Leiden, The Netherlands; version 1.6.11) to draw network visualization maps and performed a citation analysis to identify the most cited articles.



RESULTS


Publication Growth

We identified 3,261 papers during the search (Figure 1). After excluding 44 non-English papers and 107 non-articles, 3,110 papers met the inclusion criteria. The graphs of absolute number of publications (Figure 2A) and RRI (Figure 2B) showed that the overall trend of publication increased from 2001 to 2020. The growth rates from 2001 to 2005, from 2006 to 2010, from 2011 to 2015, and from 2016 to 2020 were 71.4, 115.8, 146.2, and 453.3%, respectively. The number of publications increased steeply between 2016 and 2020, accounting for 77.5% (2,410/3,110) of all included papers. Figure 2C shows the percentages of gender-related articles in medical AI researches, which doubled to 6.5% from 2001 to 2020. The linear regression analysis showed that the percentages increased significantly over the last 20 years (t = 12.978, P < 0.001).


[image: Figure 1]
FIGURE 1. Selection process.
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FIGURE 2. Annual growth of gender-related publications in medical AI. (A) The number of publications by year. (B) Relative research interest by year. (C) The percentage of gender-related publications in medical AI.




Distribution by Country

Table 1 lists the top 20 countries which published gender-related articles in medical AI between 2001 and 2020. The United States of America (USA) had the most publications on gender-related medical AI (n = 1,377; 44.3%), followed by People's Republic of China (Peoples R China, n = 305; 9.8%), United Kingdom (n = 241; 7.7%), Italy (n = 211; 6.8%), and the Republic of Korea (South Korea, n = 201; 6.5%). Across the four five-year periods from 2001 to 2020, there was a 43.6% increase in the number of publications worldwide from the first to the last period. Canada had the greatest percentage increase in the number of publications (+134.0%), followed by Peoples R China (+127.5%), the South Korea (+77.5%), and United Kingdom (+65.0%). There was no country where the number of publications decreased.


Table 1. The 20 countries contributing the most gender-related articles in medical artificial intelligence.

[image: Table 1]

The SIs and CNCIs varied across countries and over time. The global CNCI increased steadily from 1.1 to 1.49 over the last 20 years. Compared to the first period (2001–2005), the USA, United Kingdom, South Korea, and Netherland showed an increase in both SI and CNCI in the fourth period (2016–2020), whereas Peoples R China, Turkey, and Japan showed a decrease in their SIs and CNCIs. From 2016 through 2020, South Korea had the highest SI (2.42), whereas Belgium had the highest CNCI (4.11).



Distribution by Institution

Table 2 shows the top 10 institutions for gender-related articles in medical AI fields. The top 10 institutions contributed to 26.5% (824/3,110) of the total number of publications. Harvard University had the largest number of publications (n = 142; 4.6%), followed by the University of California System (n = 136; 4.4%), the University of Texas System (n = 84; 2.7%), Harvard Medical School (n = 84; 2.7%), and University of London (n = 81; 2.6%). Almost 90% of the top 10 institutions were located in the USA.


Table 2. The institutions contributing the most gender-related articles in medical artificial intelligence.
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Figure 3 shows the collaboration network between institutions. The network map of institutions that had at least 20 publications showed seven clusters. Among these, the four biggest clusters were (i) the cluster (red) on Stanford University and University of Pittsburgh; (ii) the cluster (green) on the Cleveland Clinic and the University of Michigan; (iii) the cluster (blue) on Yonsei University and Seoul National University; and (iv) the cluster (yellowish-green) on Yale University and the University of California (UC) San Diego.


[image: Figure 3]
FIGURE 3. Network visualization map of the institutions.




Distribution by Author

A total of 18,247 authors accounted for all publications for gender-related medical AI in 2001–2020. Dey D, Kaouk JH, and Grossie E contributed the most, with 10 publications, followed by Slomka PJ and Kaouk J, with nine publications (Table 3). In terms of first-author publications, Lin E ranked first with five publications, whereas Lee BJ ranked second with four. Most of the high-ranked authors by publications were from the USA, except for two from Europe. For the high-ranked first-authors, six were from Asia, four from the USA, and two from Europe. In addition, the results of co-citation, bibliometric coupling, and co-authorship analysis were shown in Supplementary Figure 1.


Table 3. The authors and first-authors contributing the most gender-related articles in medical artificial intelligence.

[image: Table 3]



Distribution by Topic

Table 4 shows the 10 most common WoS subject categories. Surgery ranked first, with 496 publications (15.9%), followed by Urology and Nephrology (n = 241; 7.7%), Medicine, General and Internal (n = 212; 6.8%), Neuroscience (n = 204; 6.6%), and Radiology, Nuclear Medicine and Medical Imaging (n = 172; 5.5%).


Table 4. The most productive Web of Science subject categories in gender-related articles in medical artificial intelligence.
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Figure 4 shows the network visualization map of keywords with a minimum occurrence of 20. Five clusters with 177 terms were obtained from the analysis: (i) a red cluster with 56 items focused on machine learning, classification, diagnosis, children, deep learning, and meta-analysis; (ii) a green cluster with 55 items focused on items focused on surgery, outcomes, robotic surgery, cancer, and management; (iii) a blue cluster with 47 items focused on risk, prediction, disease, mortality, health, artificial intelligence, and validation; (iv) a yellowish-green cluster with 13 items focused on stroke, therapy, rehabilitation, and reliability; and (v) a purple cluster with six items focused on index, guidelines, coronary artery disease, and intervention. Network visualization maps for keywords across the time periods were shown in Supplementary Figure 2.


[image: Figure 4]
FIGURE 4. Network visualization map of keywords. Keywords included the author's keywords and keywords plus.




Distribution by Journal

The 3,110 papers were published in 1,281 journals. Table 5 lists the top 10 journals by the number of publications within the study period. The top 10 journals contributed 13.0% (403/3,110) of the total publications. PLoS One published the most articles on gender-related medical AI (n = 81; 2.6%), followed by Surgical Endoscopy and Other Interventional Techniques (n = 48; 1.5%), Asian Journal of Surgery (n = 44; 1.4%), and Scientific Reports (n = 43; 1.4%). Among the top 10 journals by publication number, Surgical Endoscopy and Other Interventional Techniques had the highest H-index (15), whereas the Journal of Urology had the largest number of citations per paper (55).


Table 5. The journals with the most gender-related articles in medical artificial intelligence.
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Characteristics of Top 9 Papers Most Frequently Cited

There were 44,711 citations in 3,110 publications. Table 6 shows the top 9 papers with the highest citation frequency. The top 9 papers accounted for 7.0 % (3,112/44,711) of the total citations and were cited 346 times, on average. The work of Wynants et al. (21) was the most cited paper (n = 567; 1.3%), followed by the study by Poplin et al. (22) (n = 382; 0.9%) and Aarts et al. (23) (n = 369; 0.8%). Among the top 9 papers, three were published in journals with an impact factor (IF) > 20, one in a journal with an IF between 10 and 20, three in journals with IFs between 5 and 10, and two in journals with an IF < 5.


Table 6. The papers with the most frequent citations of gender-related medical artificial intelligence.
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DISCUSSION

Our bibliometric analysis of the gender-related articles in medical AI revealed major changes over the last 20 years. The number of publications and percentage of gender-related articles in medical AI fields continuously increased from 2001 to 2020, with a steep increase in the past 5 years. This change can be explained by both increased interest of AI and awareness of gender medicine. Due to the technological development including computing power and data storage, AI has been developed (24), leading to advances in researches and collaborative works in medical AI fields (15, 25). In addition, there have been continuous efforts to overcome this gender bias (4), although women used to be underrepresented in clinical research (26).

After the National Institute of Health (NIH) Revitalization Act of 1993 mandated the enrollment of women and ethnic minorities in clinical research in the USA (27), funding agencies such as the Canadian Institutes of Health Research (28), European Commission (29), and NIH (30) required consideration of sex and gender in study design, analysis, and reporting for grant applications. In addition, several editorial guidelines included gender-specific work [e.g., Animal Research: Reporting In Vivo Experiments (ARRIVE) (31), Sex and Gender Equity in Research (SAGER) (32), and International Committee of Medical Journal Editors (ICMJE) recommendations (33)].

Both the number of publications and RRI on gender-related medical AI have steadily increased for 20 years, showing the increase of research interests in related fields. The percentage of gender-related articles in medical AI doubled in the last 20 years to 6.5%, although this figure remains small. According to Sugimoto et al., in 2016, two-thirds of articles were gender-related reporting articles of clinical medicine and public health research, whereas one-third of such articles were for biomedical research (34). Geller et al. showed that 26% of NIH-funded randomized control trials in 2018 included sex as a covariate (35). Compared to other fields, medical AI had a low percentage of gender-related articles. This requires further study.

As the number of publications can only provide volumetric information, our analysis showed SI and CNCI across countries and over time. These two parameters can provide different perspectives on research trends (36). SI, the ratio of the percentage of publications related to the specific area in a given country to those worldwide, evaluates specialization. CNCI, which is the ratio of the observed to the expected number of citations in the same WoS category, shows the citation impact. For example, although Canada and Peoples R China had the highest percentage increase in the number of publications over the previous 20 years, Canada showed overspecialization and citation impact specifically in gender-related medicine AI research compared to the worldwide figures, whereas Peoples R China did not.

The USA had the most publications on gender-related medical AI between 2001 and 2020, with overall high CNCIs and SIs. As expected, the top 10 institutions and high-ranked authors were from the USA. According to the network visualization plot, most of the top 10 institutions were also well-connected through research networks. According to the bibliographic analysis of authors, it was possible to understand the relationships between authors. Author co-citation analysis visualized the intellectual structure of the scientific knowledge domain by calculating how often the author's work is cited with other authors (37), whereas bibliographic coupling showed the similarity relationships by calculating how often two papers are cited together (38). In addition, co-authorship analysis showed the cooperative and interactive relationships between authors, indicating the authors' willingness to write a paper together (39).

Surgery and Urology and Nephrology was the most common WoS subject category in our analysis. Similarly, Surgical Endoscopy and Other Interventional Techniques, Asian Journal of Surgery, Urology, and Journal of Urology were the journals that ranked high in the number of gender-related publications in medical AI. Surgery is one of the most developed areas in medical AI. AI can be applied pre-, intra-, and post-surgery, such as for preoperative risk prediction, imaging, 3D reconstruction, and robotic intervention (40, 41). As several studies reported the sex differences in prognosis after surgery (42–44), sex should be considered in AI surgery research. Urology is another area of interest in gender-related medical AI. There are anatomical, physiological, and pathophysiological urological differences between men and women (45). Hormones and metabolisms differ by sex, thereby affecting medical conditions (46). Furthermore, environmental and occupational exposures may differ by gender, which should be considered in gender medicine (47).

The network visualization map of keywords across the time periods showed that research topics have continuously expanded and changed over past two decades. In the first period (2001–2005), there was only two clusters; one was disease and the other was artificial neural networks and cancer. In the last period (2016–2020), there was 6 clusters including machine learning, risk, and surgery. These results can be used to guide future studies by listing the trending topics.

The citation analysis showed that gender-related medical AI had a high influence, with an average of 15 citations. The topics covered in the top 9 articles with the highest citations were surgery, imaging, and prediction models. The most cited article was the study of Wynants et al. (21), which systematically reviewed and critically evaluated all 232 predictive models for diagnosis and prognosis of COVID-19 including 169 studies. This study showed that gender is one of the frequent prognostic factors of COVID-19. As the COVID-19 pandemic has posed a threat to the global economic and health systems with high morbidity and mortality (48), COVID-19-related articles have recently dominated medical publishing in the last 2 years (49). The study of Poplin et al., the second most cited article, developed deep learning models using retinal fundus images to predict multiple cardiovascular risk factors including age and gender (22). The third most cited article was the article by Aarts et al. (23), which reviewed the effectiveness and safety of four types of hysterectomy surgeries in women with benign gynecological diseases. Interestingly, most of the top 9 articles were published in journals with an IF < 10. This demonstrates an increased interest in this field.

This bibliometric study has some limitations. First, like other bibliometric studies, the results can be affected by the search term and databases used. As we only used the WoS, we could not include publications in other electronic databases (e.g., PubMed or Embase). However, we selected the WoS covering a broad range of articles (50) and applied search strategies with high sensitivity. Second, there was a possibility of the inclusion of studies that had little to do with our topics. As we focused on showing macroscopic tendencies, studies were identified through search if they had AI-, medication-, and gender-related terms in titles, abstracts, or keywords, regardless of their topics. For example, the article by Roberts et al. (51), the originally identified as the second most cited article, suggested the structural topic models for surveys in political sciences; it was not presented in Table 6 for qualitative interpretation. Despite this, including gender-related words is meaningful because it covers gender in any way. Third, the number of citations can be biased by self-citations and time elapsed since publication. Lastly, non-English publications were not included.

To the best of our knowledge, this is the first bibliometric study to investigate the worldwide research output of gender-related medical AI by bibliometric analysis. This study concluded that gender-related research in medical AI increased over the past 20 years. Despite increased interest, gender-related research is still low in medical AI field and further research is needed.
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Mandatory pediatric legislation has been implemented in the European Union (EU) and the United States (US) to increase research and the availability of drugs for the pediatric population. Differences in the legislative framework can cause different pediatric requirements for similar indications granted for similar drugs across jurisdictions. This cross-sectional study compares the pediatric requirements for therapeutic indications granted at the time of initial approval for novel drugs approved in the two regions from 2010 to 2018. We collected the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) decisions to grant a waiver and/or to agree on a pediatric development plan and deferrals hereof at marketing authorization (MA) from publicly available documents. An agreed pediatric development plan was required for 66% (N = 188/285) and 63% (N = 134/212) of the indications granted in the EU and the US at the time of approval, respectively. Almost all (EU; 98%, US; 89%) were deferred until after MA. Based on the broad scope of the EU Pediatric Regulation, an additional 36 PIPs originated from the indications granted at MA. In the subset of indications granted for drugs approved in both the EU and the US (N = 232), significantly more indications resulted in an agreed pediatric development plan for one or more subsets of the pediatric population in the EU (N = 185) as compared to the US (N = 82). This was based on the exemption of orphan designated drugs in the US and the broader scope of the EU Pediatric Regulation. However, indications subject to the mandatory pediatric legislation in both regions (N = 131) most often had similar regulatory requirements for the inclusion of the pediatric population from the EMA and the US FDA (83%, N = 109). In conclusion, when comparing mandatory pediatric requirements, more pediatric development plans were agreed upon in the EU than in the US, in line with the broader mandates of the EU Pediatric Regulation. However, authorities most often had similar regulatory requirements when an indication was subject to pediatric legislation in both regions.
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Introduction

In the past, medicinal products were rarely evaluated in the pediatric population, resulting in a scarcity of drugs approved for use in the pediatric population, resulting in a high level of off-label use in this population. Since market forces have not been able to drive changes, initiatives have been implemented in several regulatory regions to support the establishment of knowledge on how to use medicinal products in the pediatric population (1). However, the European Union (EU) and the United States (US) were the first regions to introduce mandatory pediatric legislations (2, 3).

The US Pediatric Research Equity Act (PREA) made the inclusion of the pediatric population (from birth to the age of 16 years) mandatory during drug development when it came into force in December 2003 (3). It complemented the already existing voluntary Best Pharmaceuticals for Children Act (BPCA) implemented in 2002 (4) where a reward could be gained for the conduct of requested pediatric drug development. The EU Pediatric Regulation adopted in December 2006 was built upon the learnings from the US (2) and combined mandatory requirements with rewards as incentives for pediatric drug development.

Except for orphan drugs which are exempted from US PREA but not the EU Pediatric Regulation, the overall framework is quite similar across the two jurisdictions; both the US PREA and the EU Pediatric Regulation mandate submission of results from clinical studies that included the pediatric population specified in an agreed pediatric development plan (Pediatric Study Plan (PSP) in the US and Pediatric Investigation Plan (PIP) in the EU) before a marketing authorization (MA) application is considered valid unless requirements for pediatric development have been waived or deferred until after MA. Thus, if appropriate measures are not taken to include the pediatric population during the drug development of novel drugs or already approved drugs still covered by a patent or a supplementary protection certificate, entry to the market can be blocked in the EU and the US.

Besides the exemption of orphan drugs in the US PREA, also the broader scope of the mandatory EU Pediatric Regulation compared to the US PREA has been highlighted as a major difference between the two legislations, and so have the broader options/reasons for granting a waiver by US FDA compared to EMA (5). These differences can potentially lead to regional differences in the decisions on the requirements for the inclusion of the pediatric population during drug development. Such regional regulatory differences can have practical implications for applicants when running a global drug development program, which is critical to the conduct of effective, efficient, and ethical drug development for small populations, such as the pediatric population (6).

First, a difference in regulatory requirements can arise from the scope since the US PREA is restricted to the proposed indication(s) for the adult population, whereas the EU Pediatric Regulation provides a mandate for the European Medicines Agency (EMA) to require a drug development for the pediatric population for another indication within the condition of the proposed indication if a potential pediatric need exist (7). Therefore, a PIP can cover an indication not intended by the applicant and therefore not granted at the initial MA, but only targeted in a PIP. In this way, potential pediatric use outside the proposed adult indication cannot be ignored. Second, a difference in regulatory requirements can arise from a difference in the grounds for granting waivers. The reasons for granting a waiver are more or less the same between the EU and the US, with one exception. In the US, a waiver can be granted based on the ground that the necessary studies are impossible or highly impracticable (e.g., because the patients are geographically dispersed), but this is not the case in the EU.

In 2007, a pediatric cluster was established between the EMA and the US Food and Drug Administration (FDA) with the objective of avoiding the exposure of children to unnecessary trials and facilitating global pediatric development plans based on scientific grounds, and compatible with both agencies' legislations (8). However, consensus cannot always be reached based on different legislations, standards of care, and cultures (9). It remains to be seen if this harmonization effort can facilitate regulatory understanding leading to similar regulatory decisions between the jurisdictions (10).

To our knowledge, only one study has benchmarked the requirements for pediatric drug development between the EU and the US. This study investigated the EMA decisions for waiver applications in the EU in relation to the US FDA, showing a high similarity in decisions (13). However, the study did not give a complete overview of decisions in both regions, and it did not cover decisions for agreed pediatric development plans (PIPs or PSPs).

This study aims to provide a complete overview of the decisions by the EMA and the FDA to grant a waiver and/or to agree on a pediatric development plan (PIP or PSP) for indications granted at the initial time of MA for novel drugs approved in the EU and the US between 2010 and 2018. In addition, we analyze the concordance of regulatory decisions on the indications to be studied under a pediatric development plan for indications authorized in both regions. For this subset, we provide details on requirements for pediatric development plans for indications only subject to the EU Pediatric Regulation, but outside the scope of US PREA.



Methods


Study design

We performed a retrospective cross-sectional analysis of the decisions by the EMA and the FDA on the granting of waivers or the agreement of pediatric development plans (PIP or PSP) for indications at the time of the first MA for all novel drugs approved in the EU through the centralized procedure or in the US between 1 January 2010 and 31 December 2018. Novel drugs were identified using a list of New Active Substances (NAS) authorized in the US, and/or in the EU maintained by the CIRS (Center for Innovation in Regulatory Science) (14, 15) for research purposes (see Supplementary material for CIRS definition of NAS).



Data sources

For all drugs approved in the US, the US letters and authorization information were retrieved from the FDA website, FDA's CDER (16) or CBER (17). For drugs approved in the EU, EPARs (European Public Assessment Reports) were retrieved from the EMA website and authorization information was collected from the so-called “download list” of all EPARs for human and veterinary medicines (18). The EMA decision number valid at the time of MA was identified using the EPAR section “1.1.2. Information on pediatric requirements”. This number (P/XXXX/YEAR, e.g., P/0297/2013 for Alirocumab) was used to identify the EMA decision on the agreement of pediatric investigation plans and the granting of deferrals and waivers1 via a google search. If the decision could not be found, the information was requested through the EMA access-to-documents request (19).



Data collection

For each product, we extracted the approval date, therapeutic area [Anatomical Therapeutic Chemical (ATC) Classification based on international non-proprietary name (INN)], and orphan status in the respective region. The ATC classification was used as a starting point to match identical drugs approved in both regions, followed by manual quality checks, e.g., to assign drug pairs for further analysis in case of multiple potential matches.

For each unique ATC, the EPARs and the US letters were scrutinized to collect all indications granted at initial MA (adult and pediatric) to create the study unit of drug-indication (from now on just called indications). In addition, all EMA decisions on waivers or agreed PIPs were scrutinized to collect additional indications only targeted in a PIP (from now on referred to as “indications only targeted in a PIP”). All indications were recorded at the level of condition or disease (depending on the details in the documents) using the Medical Dictionary for Regulatory Activities (MedDRA) Preferred Terms (PTs) (20).

For each authorized indication or indication only targeted in a PIP, the corresponding decisions by the EMA and the FDA on granting a waiver or agreement on a pediatric development plan (PIP or PSP) were collected (from now on “requirements for a pediatric development plan”). The requirements for a pediatric development plan were categorized as either a “full waiver” (a waiver covering all subsets of the pediatric population), a “partial pediatric development plan” (an agreed pediatric development plan (PIP or PSP) with a waiver for one or more subsets of the pediatric population) or a “full pediatric development plan” (an agreed pediatric development plan (PIP or PSP) for the entire pediatric population). Information on deferral for one or more subsets of a partial or full pediatric development plan was also collected, as were the reasons for granting a waiver. The pediatric subgroups (adolescent, children, toddler and infants, and term newborn) were defined by the International Conference on Harmonization (ICH) Topic E 11, 2001 (21).



Data analysis

For each region, we reported on granted waivers and agreed pediatric development plans (full or partial) with deferrals hereof in absolute numbers and percentages for all approved indications, and stratified by therapeutic area. Therapeutic areas were defined according to the primary System Organ Class (SOC) of the MedDRA (20) covered by each indication. Further, we reported on the reasons for granting waivers in each region. In addition, we provided an overview of the concordance between the decisions by the EMA and FDA on granting waivers and/or agreement of pediatric development plans for indications granted for drugs approved in both the EU and the US. Further, for each pediatric subgroup, we tested if there was a difference in requirements for pediatric development in EU and US, using χ2 test of independence. All calculations were performed using statistical software R, version 3.6.0 (2019-04-26) (22).




Results


Characteristics of study sample

From 2010 to 2018, 255 drugs were approved in the EU through the centralized procedure as novel therapeutics, comprising 285 indications at MA (Figure 1). In the same period, the FDA approved 343 drugs as novel therapeutics, comprising 371 indications. All 285 indications granted in the EU were subject to the EU Pediatric Regulation. In addition, we observed additional 52 indications only targeted in a PIP originating from the approved indications at MA. In the US, only 212 indications were subject to the US PREA since 159 indications were granted an orphan drug designation exempting them from mandatory pediatric requirements.


[image: Figure 1]
FIGURE 1
 Selection of study cohort. aTwo NAS were excluded because they were not defined as a NAS by the EMA and the US. bIn the US, some drugs were approved before (N = 12) or after the (N = 4) study period, not considered novel at initial MA (N = 5), or not approved (N = 17). cIn the EU, some drugs were approved before (N = 18) or after (N = 22) study period, not considered novel at initial MA (N = 8), not approved through the centralized procedure (N = 4), or not approved (N = 74). dNone of the indications targeted only by a PIP originated from the indications granted only in the EU at time of MA.




Mandatory pediatric requirements in the EU and the US

The majority of the indications granted at MA and being subject to the EU Pediatric Regulation or the US PREA (EU: 66%, 188/285, US: 63%, 134/212), had a partial (EU; N = 114, US; N = 100) or full (EU; N = 74, US; N = 34) pediatric development plan (see Table 1). However, almost all (EU; 98%, N = 185/188, US; 89%, N = 119/134) were deferred for at least one measure until after MA. In the US, pediatric development plans had been completed at MA for 15 indications covering 15 drugs (for details see Supplementary Table S2). In the EU, this was the case for three indications granted for three different drugs.


TABLE 1 Granted waivers and agreed pediatric development plans (PIP or PSP) for novel drug indications granted at MA between 2010 and 2018 - US (N = 371) and EU (N = 285).

[image: Table 1]

Pediatric requirements were not always mandated for the 52 indications only targeted in a PIP as 16 were granted a waiver. None of the 36 agreed pediatric development plans (full: N = 9, partial: N = 27) had been completed at the time of MA, all were granted a deferral.

For all indication, partial pediatric development plans most often only included adolescents and to some extend children, and the youngest age groups were rarely covered. Only one indication (neonatal seizure) had a pediatric plan covering term newborns (neonates) (see Table 1).


Waiver reasons

In the US, most waivers (87%, full waivers: N = 72/78, waivers granted for a subset of the pediatric population: N = 83/100) were granted because necessary studies would be impossible or highly impracticable (Table 2). Whereas in the EU, waivers most often (65%, full waivers N = 43/133 and waivers granted for a subset of the pediatric population N = 122/141) were justified based on no significant therapeutic benefit in the pediatric population or the presence of a low number of pediatric patients for the given indication. In both regions, only few waivers were granted based on safety issues.


TABLE 2 Reasons for granting a full waiver or a waiver for one or more subgroups of the pediatric population for indications evaluated by the EMA PDCO (N = 337) or the US FDA (N = 212).
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Therapeutic areas of waivers and pediatric development plans

The top three most common therapeutic areas evaluated for pediatric requirements in both jurisdictions consisted of cancer, infections/infestations, and inherited disorders (Figures 2, 3). However, in the US, a PSP was agreed for only a minority of the indications within the field of inherited disorders and cancer as these indications often were granted a waiver. In the EU, a bit less than half of the indications evaluated for pediatric requirements within the field of cancer were waived, however, most indications within inherited disorders and infections/infestations had an agreed PIP with a development plan for at least a subset of the pediatric population, but even more frequently for the entire population.


[image: Figure 2]
FIGURE 2
 Therapeutic areas of indications evaluated for pediatric requirements in the EU (N = 337#). #This is the total number of indications evaluated for pediatric requirements in the EU arising from the indications approved at MA (N = 285) and the indications only targeted in a PIP (N = 52). *The number of indications targeted only by the PIP is provided in the brackets.
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FIGURE 3
 Therapeutic areas of indications evaluated for or exempted from pediatric requirements in the US (N = 371).


The indications only targeted in a PIP most often also covered the therapeutic area of cancer (N = 22) and inherited disorders (N = 7), but also musculoskeletal and connective tissue disorders (N = 6) were covered (see Figure 2).




Differences in regulatory decisions for indications authorized in both the EU and the US

In the subset of indications granted at MA for drugs approved in both the EU and the US and the indications only targeted in a PIP originating hereof (N = 284) (see Figures 4A,B), the statistical analysis showed a significant difference between the pediatric requirements mandated in the EU and the US for all the pediatric subgroups (adolescents: X-squared = 69.052, df =1, p < 2.2e-16, children: X-squared = 55.476, df =1, p = 9.459e-14, toddlers and infants: X-squared = 22.095, df =1, p = 2.594e-06, term newborns: X-squared = 20.082, df =1, p = 7.419e-06) (see Supplementary Table S6).
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FIGURE 4
 Concordance in the granting of waivers or agreement of PIP/PSP for indications granted at MA in both the EU and the US (N = 232) for drugs approved in both regions (N = 217). aTwo indications were granted approval at MA by the FDA but not the EMA, however, they were evaluated by the EMA for granting of waiver or agreement of PIP as indications only targeted in a PIP in the EU. bOne indication (for linaclotide-constipation) was approved in the US at MA and a pediatric development plan was agreed upon for adolescents in both the EU and the US. cThe number does not fit since one indication (constipation) had an agreed pediatric development plan in the US as well. (A) Indication granted at the time of initial approval of novel drugs in the EU and the US. (B) Indication only targeted in a PIP.


The majority of differences were based on indications with an orphan drug designation in the US, thereby exempting them from US PREA (N = 101). For 60 of these indications (see Figure 4A), a pediatric development plan was required in the EU; either for the entire pediatric population (N = 27), adolescents and children (N = 20), or only adolescents (N = 13). The therapeutic areas were most often covered by an agreed full or partial PIP for cancer (N = 25) and inherited disorders (N = 17). However, more than half of the indications covering cancer (N = 29) were granted a waiver in the EU, resulting in no pediatric development plan in either of the regions (see Supplementary Table S3). No waivers were granted in the EU for indications within the area of inherited disorders.

The remaining differences emerged from indications only targeted in a PIP in the EU, with a pediatric development plan agreed for 35 indications for at least one subset of the pediatric population as compared to the US (see Figure 4B). Two of the indications with an agreed pediatric development plan in the EU had also been evaluated for pediatric requirements in the US, but only one resulted in a pediatric development plan.



Concordance in regulatory decisions for indications evaluated for pediatric requirements in both the EU and the US

In the subset of indications granted at the time of initial approval of novel drugs in the EU and the US and subject to the mandatory pediatric legislations in both the EU and the US (N = 131), no statistically significant difference was found between pediatric requirements mandated in the EU and the US for any of the four pediatric subgroups (see Supplementary Table S7). For these indications, the EMA and the FDA made a similar decision for the vast majority [83%, N = 109 (see Figure 4A)]. Even decisions on deferrals and the included age groups of a partially agreed pediatric development plan were most often similar. Of the 19 indications with an agreed pediatric development plan for the entire pediatric population, 14 were granted a deferral in both regions and four were granted only in the EU. For one indication (hemophilia A), the agreed pediatric development plan had been completed at MA in both the EU and the US (Supplementary Table S2). Of the agreed partial pediatric development plans (N = 56) in both the EU and the US, the included age groups only differed for four indications covering children (waiver granted in the US: N = 2 or EU: N = 1) or toddlers and infants (waiver granted in the US: N = 1). However, a divergent decision was made by the EMA and the FDA for 22 indications (17%) (see Figure 4), most often resulting in a pediatric development plan agreed for more subsets of the pediatric population in the EU as compared to the US (N = 15) (see Figure 4, for details, see Supplementary Table S5).




Discussion

Global drug development is necessary to avoid duplication of clinical trials and decrease the time to patient access, especially when developing drugs for small populations such as the pediatric population. Global development activities depend very much on an ambition to harmonize regulatory requirements around the world to enable an aligned development strategy.

This study provides an analysis of the degree of differences and similarities in regulatory requirements for pediatric drug development based on the mandatory pediatric legislations in the EU and the US for novel drugs approved in both region. Our study shows an overall significant difference in the pediatric requirements mandated by the EMA and the FDA for indications granted at MA that can be attributed to the differences between the EU Pediatric Regulation and the US PREA.

The differences seen in the regulatory requirements mainly arise from the exemption of orphan drug designated indications, which constitute a little less than half of the indications granted in both the US and the EU, most often covering cancer diseases and to a smaller extent inherited disorders. In general, it has been shown that the US FDA grants more orphan drug designations as compared to the EMA (23) and therefore, the exemption could have a rather large impact. However, a recent study with a similar study sample, found only a few discrepancies between the guidance for pediatric use in the prescription information (24), suggesting that the impact of the observed differences in requirements on the regulatory output is rather small. There could be several reasons for this. First, the pediatric drug development for orphan drugs in the US could be driven by other regulatory policies such as the US BPCA or the orphan drug legislation. The orphan drug legislation provides incentives to develop drugs to prevent, diagnose, or treat rare diseases and conditions, including in pediatric patients. The US BPCA has been shown as the predominant policy contributing to pediatric drug development for cancer drugs in the US (25). This development is important as many of the drugs exempted by the US PREA have been shown to have a mechanism of action warranting pediatric development plans (26). Second, a spillover effect from the regulatory region with the strongest mandate could occur, however, previous studies have shown only a small number of medicines for pediatric populations arising based on regulatory actions in other regions (27, 28). Lastly, the progress of the pediatric development plans in the EU has been questioned in general and the impact of differences in regulatory requirements could also be reduced if the agreed pediatric development plans are never completed.

Recent numbers suggest that we will continue to see that orphan drug designation compromises around half of the drugs approved in the US (29). However, in the future the difference in mandated pediatric development plans could be reduced as an amendment to the US PREA became effective in August 2020, allowing regulators to mandate a PSP for adult cancer drugs if directed at a molecular target also relevant to the growth or progression of pediatric cancer (30). This amendment also includes required studies for cancer indications with an orphan drug designation.

Our study is the first to suggest a method to investigate the outcome of the broad mandate by the EMA PDCO to require a pediatric drug development that does not only follow the proposed indication by the MA applicant. This is done by tracing the indications only targeted in a PIP in the EU, thereby possibly agreeing to an indication different from the proposed indication, but still within the condition hereof. Using this method, we demonstrate that the EMA PDCO uses this broad mandate to a certain extent and that it contributes to the difference in pediatric requirements mandated by the EMA and the FDA for indications granted at MA. However, the voluntary conduct of requested pediatric studies through the US BPCA is intended for development outside the proposed indication and could reduce the differences in practice. Unfortunately, such information is not released until the development has been completed and is therefore not publicly available at the time our study was conducted, why we cannot conclude on its contribution. A recent publication showed that after ~5 years, the potential pediatric use outside an adult indication was rarely included in either the EU or US prescription information (29). This can either be seen as a failure to complete the agreed pediatric development or as a symptom of the complex and long duration of pediatric drug development always being a step behind adult development (31).

Our study also shows an alignment in the EMA and the FDA decisions on pediatric requirements for the indications subject to the mandatory pediatric legislations in both regions. This suggests, that even though a broader basis exists for granting waivers in the US than in the EU, it does not result in any significant differences when pediatric development is required in the two regions. Our findings support previously published findings of Egger et al. (13) who found a high concordance in waiver decisions between the EMA PDCO and FDA. Both agencies are involved in ongoing efforts to harmonize regulatory decisions regarding requirements for pediatric development plans such as the pediatric cluster meetings and guidelines on transparency regarding the advice and agreements of pediatric studies with other regulatory authorities (32, 33). While we cannot claim that the high concordance in decision-making on pediatric development plans observed in this study is a result of these harmonization efforts, their continued use is encouraged.

The results should be interpreted within the limitations of this study. First, the study is a snapshot in time, showing the EMA and the FDA decisions on waivers and pediatric development plans at MA. However, the agreed pediatric development plans are dynamic, with possible modifications after the initial agreement and MA. Second, we did not investigate if the applications for waivers or agreed pediatric development plans were similar in the EU or the US. Instead, we assumed that the basis for the EMA and the FDA decision was similar if similar indications were approved at MA. On the same basis, our study might overestimate the indications only targeted in a PIP, as these could have been derived from earlier proposed indications at the time of application. Third, this study only investigates the mandatory requirements for pediatric development plans without including the voluntary Written Requests issued as part of the US BPCA and does not provide an overview of the entire pediatric development plans taken on by companies in response to pediatric legislations in the US. The potential differences seen from the mandatory legislations could be diminished by a request for pediatric studies through a Written Request (WR) using the US BPCA.

In the subset of indications, where the EU and the US regulators evaluated pediatric requirements on the same grounds, the similarity of the pediatric programs required in both regions remains to be explored. The type of information required in the submission of pediatric development plans is similar (34), but the actual plans with regard to e.g., the number, purpose, design, duration, and timing of required pediatric studies can still differ between regions.

In conclusion, when comparing purely compulsory requirements for pediatric studies for drugs approved in both the EU and the US, a larger number of pediatric development plans were agreed upon in the EU, in line with the broader mandates of the EU Pediatric Regulation. When both regulatory authorities evaluated an indication for requirements for pediatric development plans, they most often made similar decisions regarding waivers and pediatric development plans, and deferrals hereof.
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Device Type of outcome measure(s)  Number of

scientific
advices
Accelerometer* Activity measure(s) 17
Accelerometer” Sleep measure(s) 9
Accelerometer” Activity and sleep measures 3
Accelerometer* Sleep and itch pattems 2
Electronic peak flow meter  Different lung function 3
measures
Blood pressure measurement ~ Different blood pressure 3
device measures
Heart thythm and ECG ECG parameters and/or 3
measurement devices arthythmias
(Continuous) glucose Glucose control measures® 6
monitoring device
Gough monitor Cough frequency 3
App (active tests) Measures of cognitive function 2
App (active and passive Different measures of disease 4
monitoring) activity
Not spedified™ 4

“Different types of devices that contain accelerometers were combined, *including ketone
measurement (n = 1), Nincluded are the following technologies: actigraphy without
specification of outcome of interest (n = 1), “mobile wearable device to measur
physiological paremeters” (n = 1), ‘mobile technology (app) and telemedicine capabilties’
to perform virtualclinics and monitor safety andefficacy (n = 1), and technology o conduct
study visits remotely (n = 1).
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Main recommendations

A. Relevance of the (novel) outcome measure as assessed by the remote monitoring technology

Is the outcome measure relevant for the disease of interest?

Does the device measure all aspects or symptoms of a specific disease?

Does the device measure all aspects of a specific function?

To what extent is the outcome measure only influenced by the disease activity of interest?

How does the outcome measure relate to the CHMP guideline of the corresponding disease?

In case of sensor data: to what extent is the body part to which the sensor is attached reflective of the symptoms of the disease or condition of interest?
B. Validation of the novel outcome measure as assessed by the remote monitoring technology

Is the outcome measure correlated with hard endpoints? (morbidity/mortaity)

Is the outcome measure correlated with relevant outcome measures for patients? [Qualit of ife (QOL) and patient-reported outcome measures (PROMs))
Is the outcome measure correlated with the established/golden standard clinical tests and/or PROMs of the disease of interest?

In case several established outcome measures exist that measure different symptoms or aspects of a disease: to what extent does the novel outcome correlate
with al these different endpoints? (NB relevance of an outcome measure can depend on the intended treatment effect)

Is a change in the novel endpolint correlated with a change in final endpoints o (other) outcomes that matter to patients? (QOL or PROMs)

What is the external validity? In how many patients/persons has the device been tested?

Is the minimal clinically important change determined? If yes: is this studied prospectively?

Is the minimal clinically important change determined for the different diseases, subgroups and clinical stages of interest?

C. Precision, accuracy, sensitivity, and specificity

To what extent does the novel endpoint predict the established endpoint(s) with enough precision?

What is the internal validity? (same value in stable patients)

Are there systematic erfors in measurements in specific subgroups? (e.g., overestimation of walking speed in more severe multiple sclerosis patients due to ataxia)
In case several outcome measures are available for a device: what outcome measure is chosen and why?

What is the effect of outliers and was this taken into account?

To what extent can the device check what the activity of the patient is during the measurement? If relevant: how is this issue handled'?

Is the outcome measure sensitive enough to distinguish relevant subgroups?

Technical correctness: to what extent is the device capable of measuring a change that is clinically relevant?

D. Compliance and handling of missing values

What is the compliance?

Is the compliance stable during follow-up?

Is selective non-compliance an issue? (e.g., a patient does not perform tests or wears a device during periods of increased symptomatology)

What measures are taken to prevent (selective) missing values?

Is compliance actively stimulated? (e.g., by the use of alarms, phone calls, etc.)

How are missing data handled?

In case of an active test: is the test performed every day at the same time? Is a medication tracker used? (this can be of relevance in case of clear on/off states
such as in Parkinson’s disease)

Wat s the tolerability and acceptabiity of the technology for patients?

E. Sampling interval

Is the sampiing interval long enough to take day-to-day variation into account?

Is the sampling interval per measurement short enough that no clinical change is expected and optimal compiiance is expected?

How is the sampling interval determinec?

F. Privacy and data handling

How are data anonymized and protected?

Who has access to the data?

Is a isk analysis performed to guarantee optimal data security?
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Group I/Class | Group Il/Class I Group l/Class Il
HongKong Established Basic documents Further documents Comprehensive documents
medicines category  Product safety documents Product safety documents Product safety documents
1. Heavy metals and toxic elements test report 1. Heavy metals and toxic elements test report 1. Heavy metals and toxic elements test report
2. Pesticide resicues test report 2. Pesicide residues test report 2. Pesicide residues test report
3. Microbial limit test report 3. Microbial limit test report 3. Microbiallimit test report
4. Acute toxicity test report 4. Acute toxicity test report 4. Acute toxicity test report
5. Long-term toxiciy test report 5. Long-term toxicity test report 5. Long-term toxicity test report
6. Local toxcity test report 6. Local toxicity test report 6. Local toxicity test report
7. Summary report on product safety documents 7. Mutagenicity test report 7. Mutagenicity test report
Product efficacy documents 8. Carcinogenicity test report 8. Carcinogenicity test report
1. Interpretation and principle of formulating a 9. Reproductive and development toxicity test report 9. Reproductive and development toxicity test report
prescription 10. Summary report on product safety documents. 10. Summary report on product safety documents
2. Reference materials on product efficacy Product efficacy documents Product efficacy documents
3. Summary report on product efficacy documents 1. Interpretation and principle of formulating a prescription 1. Interpretation and principle of formulating a prescription
Product quality documents 2. Reference materials on product efficacy 2. Reference materias on product eficacy
1. Manufacturing method 3. Summary report on product efficacy documents 3. Principal pharmacodynamic studies report
2. Physicochemical properties of crude drugs Product quality documents 4. General pharmacological studies report
3. Product specification, method and certiicate of 1. Manufacturing method 5. Giinical trial protocol and summary report
analysis. 2. Physicochemical properties of crude drugs 6. Summary report on product efficacy documents
4. Accelerated stabilty test report or general stabiity 3. Product specification, method and certficate of analysis Product quality documents
Non-established test report 4. Real-time stability test report 1. Manufacturing method
medicines category 2. Physicochemical properties of crude drugs
New medicines 3. Product specification, method and certiicate of analysis
category 4. Real-time stabity test report
Ganada  Compendial (NHPD) - NNHPD Label text
Monograph) - Evidence (Attestation to a NNHPD monograph)
- Animal Tissue form
- Finished Product Specifications (Upon request only)
Traditional - NNHPD Label text Full assessment required:
- Quality Summary Report: Characterization, identifcation and - NNHPD Label text
quantification standards; Purity standards General indicators for qualty - Qualty ~Summary ~Report: Characterization, ~ identiication  and
and Performance Tests ‘quantfication standards; Purity standards General indicators for quality
- Safety Evidence: extensive history of use; Cautions, warnings and and Performance Tests
contravindications; no new, unknown safety concerns have been - Safety Evidence: extensive history of use; Cautions, warnings and contra-
identified. indications; no new, unknown safety concerns have been identified.
Efficacy Evidence: Pharmacoposial Evidence- a NNHPD monograph o Efficacy Evidence: Pharmacoposial Evidence - a NNHPD monograph or
from a recognized pharmacopeia; from a recognized pharmacopeia;
Minimum of two other traditional references - Independent references;  Minimum of two other traditional references - Independent references;
authortative references and from a reputable source; an expert opinion  authoritative references and from a reputable source; an expert opinion as
as second reference. second reference.
- Animal Tissue form - Animal Tissue form
- Finished Product Specifications - Finished Product Spedifications
General Low or Medium risk Proprietary Chinese Mecicine High risk Proprietary Chinese Medicine, full assessment required:

(Non-traditional)

- NNHPD Label text

- Quality Summary Report: Characterization, identification and
quantification standards; Purity standards General indicators for qualty
and Performance Tests

- Evidence/Safety Summary Report:

Phase Il ciinical trials; Epidemiological studies; Piot and open label

studies; Reputable textbooks; Systematic review other than

meta-analysis; Published, peer-reviewed, detailed narrative reviews

‘which cite detailed primary evidence; Published compilations referting to

raditional use etc.,

- Evidence (Minimurn two pieces)

- Animal Tissue form

- Finished Product Specifications

- NNHPD Label text

- Qualty Summary Report: Characterization, ~identification ~ and
quantiication standards; Purty standards General indicators for quality
and Performance Tests

- Evidence/Safety Summary Report:

NNHPD published monographs; Phase Iil or phase IV cinical trials

(randomized, controlled, wel-designed); Meta-analysis (controlled and well-

designed); Prospective observational studies or combinations of one

prospective study and one retrospective study; Evidence of a positive

decision from another regulatory agency

- Evidence (Minimurn two pieces)

- Animal Tissue form

- Finished Product Specifications
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us EU

Indications granted Indications only targeted
at MA inaPIP
No. (%) No. (%) No. (%)
Number of indications evaluated for pediatric requirements 212 (100%) 285 (100%) 52 (100%)
Number of indications granted a full waiver 7 (37%) 97 (34%) 16 (31%)
Number of indications with  full pediatric development plan 34 (16%) 74 (26%) 9 17%)
- Of which deferred until after MA" 27 (13%) 72 (25%) 9 (7%)
Number of indications with a partial pediatric developmentplan 100 (47%) 114 (40%) 27 (529%)
- Of which deferred until after MA® 2 3% 13 (40%) 27 (52%)
Age categories covered by partial pediatric development plans
- Adolescents (12-18 years®)* 100 (47%) 114 (40%) 26 (50%)
- Children (2-11 years)* 3 (15%) 44 (15%) 20 (38%)
- Toddlers and infants (27 days-23 months)? 7 (3%) 7 %) 3 (6%)
- Term newborn (0-26 days) 0 (0%) 0 (0%) 1 %)

ation. " Thos:
the US. {Waiver

S due to an orphan drug desi
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Hong Kong

1. Reference materials on product efficacy
Including reference literature or documentary proofs on long history of
use

() Established medicines category

(i) Non-established medicines category

- Health-preserving medicines

- Single Chinese medicine granules

(ii) New medicines category

2. Interpretation and principle of formulating a prescription

- written by professionals

- efficacy and safety

- General requirements: Source, ingredients, specified usage and
dosage of the preparation, functions & indications, interpretation,
precautions (f any)

3. Principal pharmacodynamic studies

For Group lll application only: Brief requirements, requirements for test
laboratories

4. General pharmacological studies
For Group Ill application only: Brief requirements, requirements for test
laboratories

5. Clinical trial protocol and summary report

For Group Ill application only.

() Brief reqirements

() Phases of clinical trials

(b) Contents of clinical trial protocol

(c) Contents of the summary report of clinical trials

(d) Documents to be submitted upon application

(i) Requirements for Ciinical Trial centers

6. Summary report on product efficacy documents
An overall conclusion and a reasonable assessment of product
efficacy.

Detailed requirements are listed in Supplementary Material 3.

Requirements
Canada

1. Evidence requirements for safety and efficacy
The safety and efficacy of health claims associated with NHPs must be supported by
appropriate evidence such as dlinical trial data to references to published studies, journals,
pharmacopeias and traditional resources. The type and amount of supporting evidence
required is dependent on the proposed health claim of the product and s overall risks. The
evidence requirements for efficacy are isted depending on whether the product is a:

- Traditional Medicine;

- NHP with Traditional s claims or with Modern Health Claims

2. Efficacy Evidence for Traditional Medicines

A. Pharmacopoeial Evidence for Traditional Medicines

- relevant pages of a monograph from a recognized pharmacopeia;

- amonograph published by a reputable agency with a definition of traditional mediicines
ccomparable to that of the NNHPD

B. Other Types of Efficacy Evidence for Traditional Medicines

at least 2 independent references that support the recommended conditions of se; an

expert opinion if only 1 reference

3. Efficacy Evidence Recommendations for NHPs with Modern Health Claims
A. Efficacy Evidence for the High-Risk Category

complete critical summary; systematic review; demonstrate statistically significant
outcomes; addiional evidence

B. Efficacy Evidence for the Medium Risk Category

Evidence as individual references:

C. Efficacy Evidence Requirements for the Low Risk Category

For minor health conditions & diseases; treatment of symptoms or risk factors of seious
or major conditions or the risk reduction of these conditions; general health maintenance,
support, or promotion that refers to modification of a biochemical or physiological function
of anutritional nature or implies benefit to a minor disease or health condition. Evidence to
reflect the low-risk nature

“This category incluces most vitamins, minerals, essential nutrients, and other nutrients
recommended for use by healthy aduts

4. Summary report on product efficacy documents
Consists of: recommended use or purpose (health claim; critical overview organized
based on the claims of the product; dosage and Other Conditions of Use:
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Requirements.

Product License Application Category
Product License Application Group
Product License Application Form
Evidence

Label text

Animal Tissue form

Hong Kong (Application no.: Z20020003) Canada (Application no.: 80104354)

Established medicines category Compendial - Traditional
Group | Class|

v v

Product safety documents Attest to a NNHPD Product Monograph from
1. Heavy metals and toxic elements test report the Compendium of Monographs:

2. Pesticide residues test report Traditional Chinese Medicine Ingredients

3. Microbial limit test report

4. Acute toxicity test report

5. Long-term toxicity test report

6. Local toxicity test report

7. Summary report on product safety documents.

Product efficacy documents

1. Interpretation and principle of formulating a
prescription

2. Reference materials on product efficacy

3. Summary report on product efficacy documents

Product quality documents.

1. Manufacturing method

2. Physicochemical properties of crude drugs

3. Product specification, method and certificate of
analysis

4. Accelerated stabilty test report or general
stabilty test report

%
>
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Requirements

Hong Kong

Canada

INDIVIDUAL PRODUCT QUALITY DOCUMENT

1. Manufacturing Method

(1) Processing procedure for each
raw herb

(2) Names and quantites of all
excipients used in the processes

(3) Specified technical controls for
procedures that may affect the
quality of the Proprietary
Chinese Medicine

2. Physicochemical Properties of

Crude Drugs

A. The crude drug(s) of a

Proprietary Chinese Medicine

(1) A newly-discovered Chinese herb

(2) A new medicinal part of a Chinese
herb

(3) An active group extracted from
Chinese herb

(4) A set of active groups extracted
from a compound prescription

() Description

(i) Identification Method

(ii) Inspection

(v) Assay

B. Crude herbs of the Proprietary

Chinese Medicine that do not fall

into any of the four groups as

mentioned above in (A)

3. Finished Product Specification,
Methods & Certificate of Analysis
A. Product specification

(1) Description

(2) Identification

(3) Assay

(@) Inspection

B. Test Methods.

C. Test Report

4. Stability Test Report

1. Characterization

A. Chemicals

B. Processed ingredients

(1) Process characterization of crude
materials

(2) Process characterization for highly
processed ingredients

C. Extracts

(1) Standardized extracts

(2) Fortfied extracts

2. Physicochemical Properties of
Raw Material
A Identification Tests of the
ingredients
(1) Appropriate  Identification  of

botanical products

(2) Appropriate  identification of specific
medicinal ingredients

(3) Identity testing on the finished product

B. Quantity

(1) Quantification by assay

(2) Quantification by input

C. Purity Standards

D. Additional Tests & Criteria

(1) General Indicators for Quality

(2) Performance Tests

(@) Analytical testing and requirements to
support label claims

(4) Reduced testing schedules that are
captured on specifications

(6) Antimicrobial effectiveness testing

Where an NNHPD monograph exists for
an ingredient, the specification section of
the monograph should be consuited

3. Finished Product Specification and
Test Methods

A. Product specification

(1) Physical description

(2) Identity testing on the finished product
(3) The finished product specifications

B. Test Methods

4. Stability Test Report

REQUIREMENTS FOR TEST LABORATORIES

(1) Met the requirements set by the
International Standardization
Organization (.e. ISO/IEC 17025)

(2) Good Laboratory Practics (GLP)

(3) Other laboratories accepted by
the Board

Good Laboratory Practice (GLP)

Detailed requirements are listed in Supplementary Material 1.
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Hong Kong (Safety requirements)

Documents supporting the safety claims of the product are reqired to be
submitted to the Chinese Medicines Board for assessments. The documents
shallinclude the basic and toxicological tests. Other reference material may
be provided to support the safety claims of the products, .g., the published
bibliography or monographs, etc.

A. Heavy metals and toxic element test

Heavy metals (mercury, lead & cadmium) or toxic elements (arsenic)

B. Pesticide residues test

C. Microbial limit test

Total aerobic count, molds & yeast count & the presence of specified bacteria
D. Acute toxicity test

Median lethal/Maximum tolerable dose

E. Long-term toxicity test

F. Local toxicity test

Local dermal toxicity/Mucous membrane iritation test

G. Mutagenicity test

For Group Il & Group Il application to examine the carcinogenicity or
reproductive toxicity: Bacterial reverse mutation test, chromosomal aberration
test with mammalian cells in culture & micronucleus test with rodents

H. Carcinogenicity test

For Group I & Group il application to examine the carcinogenicity or
tumorigenicity: Prefiminary carcinogenicity study & full-scale carcinogenicity
study

1. Reproductive and development toxicity test

For Group I & Group lll application only, to examine any toxic effects on
animal's reprodiuctivity and teratogenic effect on their offspring: General
reproductive toxicity, teratogenicity & perinatal toxicity test

J. Requirements for test laboratories
International Standardization Organizations, Chinese Medicines Board, State
Food & Drug, or Chinese Medicines Board

K. Summary report of product safety documents
Overall conclusion; a reasonable assessment

Detailed requirements are listed in Supplementary Material 2.

Canada (Purity standards)

Safety Requirements:

- supported by its history of use (at least 50 consecutive years of tracitional use within
acultural health system or paracigm) and no new, unknown safety concerns outside
of evidence for traditional use. Two independent references

- Modern Health Claims are based on the identified risks to health. Evidence
recommendations are categorized into low, medium, and high risk. Within any risk
category, the evidence may be sufficient to support both safety and efficacy when it
is appropriate for the claim and when it fully reflects the product's recommended
conditions of use. For the low and medium categories, methodologically weak
safety evidence should be supplemented to demonstrate consistency in results and
plausibilty. For high risk category, product specific evidence is recommended with
acomplete critical summary reflecting the totality of evidence that usualy reflect
more than one type of evidence.

Due to the test requirements’ similarity, in this comparative study we compare the
safety requirements of Proprietary Chinese Medicine product in Hong Kong to the
product's purity standard in Canada.

A. Chemical Contaminants

Elemental impurities (Catalysts and environmental contaminants); Topical products

B. Pesticide residues

C. Microbial Contaminants

Multi-Component products, products in liquid dosage form.

D. Other Impurities

(1) Mycotoxins (e.g., aflatoxins) Testing

(2) Cyanobacterial toxins (e.g., microcystins)

(3) Solvent resicues

(4) Hormone testing of animal materials

(5) Incidental impurities, related substances and process impurities
(6) Potential adulterants in natural health products

E. Requirements for test laboratories
- Good Laboratory Practice (GLP)

F. Summary report of product safety documents
Safety Overview; risk Information and Risk Mitigation
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Rank  Web of Science subject category Frequency %

1 Surgery 496 159
2 Urology and Nephrology 241 7.7
3 Medicine, General and Internal 212 68
4 Neurosciences 204 66
5 Radiology, Nuclear Medicine and Medical Imaging 172 55
6 Medical Informatics 168 54
7 Glinical Neurology 160 5.1
8 Multidisciplinary Sciences 156 50
8 Oncology 155 50
10 Engineering, Biomedical 145 47
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Rank  Journals

PLoS one

N

Surgical Endoscopy and other
Interventional Techniques

Asian Journal of Surgery
Scientific Reports

JAMA Network Open
Journal of Robotic Surgery

N o s

Journal of Medical Internet
Research

8 |EEE Access

9 Urology
10 Journal of Urology

N/A: not available.

Number
of papers

81
48

44
43
41
41
30

28

24
28

Number of
citations

1,281
1,714

242
333
6582
204
200

190

374
1,320

Citations
per paper

16.86
29.55

55
9
16.78
4.98
9.52

6.79

16.26

H-index

20
21

10
14

10

Impact Factor
(2020)

3.240
4584

2.767
4379
8.483
NA
5.428

3.367

2649
7.450

Web of Science subject
category

Multidiscipiinary Sciences
Surgery

Surgery

Mulidiscipiinary Sciences
Medicine, General and Internal
Surgery

Health Care Sciences and Services;
Medical Informatics

Computer Science, Information
Systems; Engineering, Electrical
and Electronic; Telecommunications

Urology and Nephrology
Urology and Nephrology
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Rank

Title

Prediction models for diagnosis and
prognosis of covid-19 infection:

systematic review and critical appraisal
Prediction of cardiovascular risk factors
from retinal fundus photographs via deep

learning

Surgical approach to hysterectomy for
benign gynecological disease

Robot assisted partial nephrectomy vs.
laparoscopic partial nephrectomy for renal

tumors: a multi-institutional analysis of
perioperative outcomes

Prospective randomized controlled trial of
robotic vs. open radical cystectomy for

bladder cancer: perioperative and
pathologic results

Alzheimer's disease diagnosis in individual

subjects using structural MR images:
validation studies

Transoral robotic surgery: a multicenter

study to assess feasibillty, safety, and
surgical margins

Compare: classification of morphological
patterns using adaptive regional elements.

Robot-assisted laparoscopic pancreatic

surgery: single-surgeon experience

First author

Wynants,
Laure

Poplin, Ryan

Aarts, Johanna
W. M.

Benway,
Brian M.

Nix, Jeff

Vemuri,
Prashanthi

Weinstein,
Gregory S.

Fan, Yong

Giulianotti, Pier
Cristoforo

Journal

BMJ-British Medical
Journal

Nature Biomedical
Engineering

Cochrane Database of
Systematic Reviews

Journal of Urology

European Urology

Neuroimage

Laryngoscope

IEEE Transactions on
Medical Imaging

Surgical Endoscopy and
other Interventional
Technique

Impact

factor

(2020)

39.890

25.671

9.266

7.450

20.096

6.566

3.325

10.048

4.584

Year

2020

2018

2015

2009

2010

2008

2012

2007

2010

Number

of

citations

567

382

369

365

362

298

270

254

251

Web of Science subject
category

Medicine, General and Internal

Engineering, Biomedical

Medicine, General and Internal

Urology and Nephrology

Urology and Nephrology

Neuroimaging; Neurosciences;
Radiology, Nuclear Medicine and
Medical Imaging

Medicine, Research and
Experimental; Otorhinolaryngology

Computer Science, Interdisciplinary
Applications; Engineering,
Biomedical; Engineering, Electrical
and Electronic; Imaging Science
and Photographic Technology;
Radiology, Nuclear Medicine and
Medical Imaging

Surgery
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EU us

No. (%) No. (%)
Full waiver
Number of indications granted a full waiver 13 (100%) 78" (100%)
- Class waiver 58 (51%) NA NA
- Product-specific 55 (49%) NA NA
The necessary studies are impossible or highly impracticable NA NA 72 (92%)
Ineffective or unsafe 6 (5%) 2 (3%)
No significant therapeutic benefit OR a low number of pediatric patients 43 (38%) 2 (3%)
- The condition or disease for which the specific medicinal product or class is intended 28 (25%) NA NA
occurs only in the adult population
- The specific medicinal product does not represent a significant therapeutic benefit over 15 (13%) NA NA
existing treatments for pediatric patients
No reason provided” 64 (57%) 2 (%)
Waiver for one or more subgroups of the pediatric population
Number of indications with an agreed PIP for only a subset of the pediatric population 141¢ (100%) 100° (100%)
The necessary studies are impossible or highly impracticable NA NA 83 (83%)
Ineffective or unsafe 17 (12%) 5 (5%)
No significant therapeutic benefit OR a low number of pediatric patients 122 (87%) 9 ©O%)
- The condition or disease for which the specific medicinal product or class is intended 46 (33%) NA NA
occurs only in the adult population
- The specific medicinal product does not represent a significant therapeutic benefit over 76 (54%) NA NA
existing treatments for pediatric patients
No reason provided 2 (1%) 3 (3%)

Percentages are calculated from the number of indications with a full waiver or the number of indications with a waiver for one or more subgroups of the pediatric population.
*For 34 indications a waiver was granted in both regions. "The most common ground for not providing a reason in the EU was indications for medicines covered by a class waiver (N =
58). Class waivers are granted to med ely unsafe or ineffective in children, lack benefit for children or are for diseases and conditions that only affect the adult population.
¢For 57 indicati granted in both regions for one or more subgroups.

es that are

awaiver w:
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Country

Italy
France

Spain
Germany

Ethics committee

Minor
Minor

Objections

Competent authority

12 (AIFA)
0 (ANSM)
21 (AEMPS)
34 (BFARM)
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Issue

Documents preparation on a national level cause misalignment

Lack of experienced personnel

Each National Principal Investigator submitted the study to its own
EG/IRB and CA.

Approval timelines for EC and AC approvals are legally defined
according to European Directive; the diiferent submission timing
caused different approval timing.

Different CA objections on quality IMPD; CA approval was
unexpectedly different in the various countries. Need for
Substantial Amendments to align country specific documentation

Confidential quality data not shared by Company with the
Sponsor; this process is not under Sponsor control and
responsibity.

Contracts and local administrative item is very time consuming.
Every Country was funded by the responsible national funding
organization according to their specific regulations

Time consurming procedures related to the high heterogeneity
between National radioprotection competent authorities

Proposed solution

The implementation of a national network for
co-operation wil facilitate multicisciplinary clinical
research, as well as provide guidelines and models
of good practices for national support
infrastructures

Develop training, education and knowledge on
clinical research to all the multidisciplinary team wil
develop a “culture” of clinical research and a
professional network of experienced people
Scientific advice and support for non-commercial
sponsors should be provided with practical support
for trial submissions; all the informations should be
available with a forum for academic investigators to
share their issues.

Same timing of submission to EC and CA

GA opinions should be the same; regulatory
competencies should be shared and implemented
in collaboration with the relevant international
agencies and ethics committees.

Clearly define confidential data policy in terms of
ownership and responsibilties between Sponsor
and the Company.

Single contract, centralized economic management

Competent Authorities on radioprotection should be
aligned at an European level

‘Comments

Even if the scope of Directive
2001/20/CE is to align all study
documents, in practical there is
eterogeneity

Al these expertise are involved from
ciinical protocol writing to final data
analysis.

New Regulation 536/2014 will
hopefully overcome this issue by
centralizing trial submission

Directive foresees a national approval
that will be superseded by Regulation
536/2014

This is caused by diferent quality
guidelines interpretations

The incoming Regulation 536/2014
may probably overcome this issue
with co-sponsorship.
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Country

italy
France
Spain
Germany

Time to
EC approval
(months)

15
25
25
13.0

Time to
CA approval
(months)

8.0
50
85
26.0

Time to
signed contract
(months)

13.0
95

18.0
270

Time to 1st
patient in
(months)

14.0
100
280
310

Time from funding
to 1st patient
(months)

20.0
300
59.0
60.0
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Translating medical research and innovation into.
improved patient care.

A multidisciplinary journal which advances our
medical knowledge. It supports the translation
of scientific advances into new therapies and
diagnostic tools that will improve patient care.

Discover the latest
Research Topics & rontors
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Country Total number 2001-2005 2006-2010 2011-2015 2016-2020 Change between
of papers (%) first and fourth
5-year periods (%)

N sl CNCI N sl CNCI N sl CNCI N sl CNCI

World 54 110 158 139 493 148 2410 1.49 436
USA 1,377 (44.3) 19 102 1.26 78 178 187 220 1.41 186 1,059 1.81 1.79 54.7
Peoples R China 306 (9.8) 2 079 174 8 062 079 25 033 087 257 066 1.48 1275
UK 241(7.7) 3 074 155 10 095 151 30 075 224 198 128 264 65.0
Italy 211(6.8) 8 385 047 15 283 211 33 1.41 0.89 165 163 187 18.4
South Korea 201(6.5) 2 1.81 1.08 3 078 242 39 236 167 157 2.42 1.67 775
Germany 200 (6.4) 6 163 070 8 080 1.19 26 0.71 1.36 160 116 264 257
Canada 164 (6.3) 1 043 204 5 078 125 23 0.97 124 135 148 1.66 134.0
Turkey 121(3.9) 2 364 431 9 414 035 21 214 043 89 220 096 435
Netherlands 106 (3.4) a2 167 028 2 060 1.14 8 0.61 269 94 186 3.67 46.0
India 101 3.2 2 196 058 2 052 1.86 9 040 090 88 084 120 43.0
Australia 94 (3.0) - - - 1 023 019 13 064 3.15 80 094 202 -

France 9129 2 075 201 10 145 113 16 064 086 63 070 205 305
Japan 88(2.8) 3 074 119 5 058 084 16 0.59 1.00 64 065 094 203
Spain 85(2.7) 2 137 048 3 060 157 " 053 090 69 084 1.44 335
Taiwan 74 (2.4) 3 431 017 4 169 060 10 115 123 57 2.01 1.35 18.0
Brazil 65 (2.1) 1 127 031 - - - 1 085 187 52 084 152 51.0
Iran 62 (2.0) 2 1179 081 3 227 052 10 117 1.64 a7 110 095 225
Switzerland 62 (2.0) & = = 2 0.85 1.46 7 0.72 1.51 53 134 229 =

Sweden 56(1.8) - - - 1 049 338 1" 132 234 44 130 207 -

Belgium 52(1.7) = = = 6 331 174 9 124 151 37 131 411 -

(CNCI, Category Normalized Citation Impact; N, number; Sl, Specialization Index; Peoples R China, People’s Republic of China; UK, United Kingdom; USA, United States of America.
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Rank Institution Frequency % Country

1 Harvard University 142 46 USA
2 University of Calfornia System 136 44 USA
3 University of Texas System 84 27 USA
3 Harvard Medical School 84 27 USA
5 University of London 81 26 UK

6 US Department of Veterans Affairs 65 2.4 USsA
6 Pennsylvania Commonwealth System of Higher Education Pcshe 64 2 UsA
8 Veterans Health Administration 59 1.9 USA
9 Stanford University 55 18 USA
10 Cleveland Clinic Foundation 54 1.7 USA

UK, United Kingdor

ISA, United States of America.
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Rank Authors

High-ranked authors
Dey, Darmini

Kaouk, Jihad H.
Grossi, Enzo
Slomka, Piotr J.
Kaouk, Jihad
Berman, Daniel S.
Stewart, Robert
Schoepf, U. Joseph
Garisto, Juan

e R e

High-ranked first authors
Lin, Eugene

Lee, Bum Ju
Baumann, Stefan
Choi, Ahnryul

Kandi, Emad

Kang, Jeonghyun
Koutsouleris, Nikolaos
Liu, Xun

Lo-Ciganic, Wei-Hsuan
Maurice, Matthew J.
Shiao, S. Pamela K.
Yuvaraj, R.

R I I I

Number of papers

10
10
10

~ o oo

© 0 e e ®® 0 e s

Affiliation

Cedars-Sinai Medical Center
Glickman Urological Institute

Semeion Center

Department of Imaging and Medicine and the Smidt Heart Institute

Cleveland Clin, Glickman Urol and Kidney Inst

Srmidt Heart Institute and Biomediical Imaging Research Insitute

South London and Maudsley NHS Foundation Trust
Medical University of South Carolina
Glickman Urological and Kidney Institute

Vita Genomics Incorporated

Korea Institute of Oriental Medicine
University Medical Centre Mannheim
Catholic Kwandong University
Tulane University School of Medicine
Yonsei University College of Medicine
Ludwig-Maximilan-University

The Third Affiated Hospital of Sun Yat-sen University
University of Florida

Cleveland Ciinic

Augusta University

University Malaysia Perlis

Peoples R China, People’s Republic of China; UK, United Kingdom; USA, United States of America.

Country

USA
UsA
taly
UsA
USA
UsA
UK

USA
USA

Taiwan
South Korea
Germany
South Korea
USA

South Korea
Germany
Peoples R China
UsA

USA

UsA
Malaysia
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Term Definition

Regulatory  Information collected on the current regulatory environment and

inteligence trends for an identified market.

Pre-market A medical device is considered pre-market before it is offered
commercially, which is typically during development. Review and
clearance or approval of a marketing application is often required
by a health authority for use in a ciinical setting.

Post-market A medical device is considered post-market when a manufacturer
offers the product commercially. A product is marketed illegally if it
is provided commercially without meeting applicable regulatory
requirements.

A medical device is a regulated product regardless of whether it is used only for research
orin a clinical setting.
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1. Familiarization

2. Identifying a thematic framework

3. Coding

4. Charting
5. Mapping and interpretation

The transcripts were thoroughly read and re-read and the audio-recordings were listened to again f a certain part
of the transcript was unclear. The margins of the transcripts were used to write down analytical notes, thoughts or
impressions (e.g., when participants expressed exceptionally strong or contrasting views). Discussions among the
moderators on preliminary findings sought to confirm whether they interpreted the discussions in the same
manner.

Alist of overarching themes capturing prioritized treatment characteristics was developed based on the views
expressed by patients during the discussions, in their answer sheet, and the ranked list of characteristics and
explanations. This list was transported to NVivo (1 1th edition, QSR International) for coding.

Literal quotations (text) in the transcript and answer sheets were attached to each of the themes, describing what
participants stated about these themes (coding). Throughout the coding process, it was assessed whether the list
of themes and their explanations covered what participants said. If not, modifications were made to the name of
the theme. Discussions among the team (see below) sought to modify and reach consensus about the themes.
The end result was the final list of themes, each with a brief explanatory description of their meaning including
examples to further explain the theme (see below).

NVivo was used for charting (summarizing) the data per attribute.

Several meetings among a multi-stakeholder team were organized to discuss the qualitative findings (the final list
of themes) together with the characteristic scorings of the quantitative analysis. During these meetings, consensus
was reached about the final list of attribute themes and associated levels to take forward to the quantitative survey.

An iterative, constant comparative analysis approach was used to allow for continuous modifications and extensions of the themes to ensure that all key aspects of importance to

patients could be incorporated.





OPS/images/fmed-08-686165/fmed-08-686165-t002.jpg
Experience-based learnings regarding qualitative research for informing subsequent quantitative preference surveys

1. Since patients are disease-experts, experiencing the benefits and risks of treatment on a daily basis, they should be systematically and
continuously involved, both as study participants and as study partners.

- The involvement of patients and patient organizations is essential to ensure that the attributes and levels are relevant, comprehensive, and understandable to
patients participating in the subsequent quantitative survey.

- Their involvement throughout the analysis and attribute selection process guarantees that patients’ points of view are reflected in an accurate, unbiased, and
understandable way, and thereby improve the survey valiity.

- Inreturn, patients may benefit from learning about treatments obtained through their involverent. Patient organizations may benefit from using this methodology
as an evidence-based way to generate data and best represent the patients’ voice.

- The results of preference studies may provide patient organizations an evidence-based perspective when communicating with regulatory and reimbursement
bodies regarding the priorities and needs of patient communities.

2. Before undertaking a preference study, researchers should investigate the availability and usefulness of previous preference studies (qualitative
or quantitative) for informing the attributes and levels for inclusion in their preference survey.

- If previous studies are available in the disease or treatment context of interest, researchers should assess to what extent the attributes and levels of those
studies are transferable and applicable to their research context and aims. This will help determine the necessity of conduting a *new” qualitative study.

- In this study, the goal was to identify attributes and levels relevant to patients with varying treatment exposure, disease history, age, or country of origin. This
contrasted with previously conducted preference studies identified in our scoping review, which only included patients with a specific disease and treatment
experience (e.g., only the relapsed refractory patient population) or used attributes related to a specific treatment. Therefore, a new study considering the
recruitment of patients heterogeneous in terms of treatment experience and disease stage was necessary.

- Preference researchers aiming to identify attributes and levels relevant to patients with various treatment exposures, disease history, age and country of origin
shouild consider conducting a new qualitative study if a similar qualitative study aiming to pursue this objective is unavailable.

- Furthermore, experience from this study highlights that it s desirable: () to include a heterogeneous, inclusive sample of patients in terms of treatment exposure
and disease history as these variables affected patients' rankings and views, (i) to include patients from different countries to help ensure a diverse sample of
patients is included.

- Even if a previous preference study with similar aims is avaiiable, preference researchers should assess whether the findings of the study are up-to-date,
appropriately designed and comprehensive (.., whether they consider novel treatments, as well as related side-effects, outcomes and uncertainties).

3. Researchers should ensure the study is designed to meet the specific needs of the study participants.

- Key decision points which should be tallored toward the particular patient population of interest are the selection of the qualitative data collection method
(the feasibilty and usefulness of (telephone) interviews vs. (online) focus group discussions; time, feasibilty of ranking exercise) and the development of the
questions (via review and pilot testing to ensure relevance, understandabilty and accuracy).

- Input from patients, patient organizations, and/or healthcare providers should help ensure the study is designed in such a way that is easiest for the particular
patient population.

- Inthis study, patients, patient organizations, and healthcare providers confirmed that both individual interviews and focus group discussions would be possible
and agreed that group interaction would be useful between patients and nominal group technique to trigger discussion around the most important treatment
characteristics. In this study, face-to-face discussions were initialy planned as myeloma patients are elderly and more likely gravitate away from technology.

- However, future researchers may need to balance the utiity of increased interaction via focus group discussions vs. the more practical feasibilty of individual
interviews in view of the targeted participant population. For example, interviews allow for more flexibilty in choosing various dates for participation and
discussions can take place via telephone and not necessarly online, which is especially relevant in view of COVID19 (and potentially beneficial for elderly
patients or those who are not well-versed i technology).

4. Qualitative studies may also be used to explore which patient variables (such as treatment exposure, disease history, age, or country of origin)
should be useful to inform the quantitative survey.

- In this study, patients highlighted that treatment and disease experience strongly influenced their views.

- Hence, these variables should be collected and used in qualitative and quantitative preference studies to contextualize both the qualitative and quantitative
preference study results.

5. Obtaining input from stakeholders with expertise in the relevant disease and treatment context (patients, patient organizations, healthcare
practioners) and stakeholders with methodological expertise—should help inform the development of attributes and levels.

- Patients can critcally reflect on the attributes and levels and thereby avoid inacvertent omittance of attributes and levels of potential importance, as this may
bias findings.

- Clinicians help ensure the attributes and levels are ciinically plausible.

- Input from preference research experts helps ensuring the rules of attribute and level development are adhered to.

6. In view of the multitude of methodological choices in attribute and level development, transparently documenting and describing the study
design and methodological choices as well as its limitations and challenges is essential for enabling reviewers to contextualize the study results
and evaluate their usefulness for decision-making.

7. Before starting a preference study, research teams should investigate the necessity of obtaining ethical approval and contractual agreements
with hospitals in all countries where data collection is planned and/or hospitals are involved in data collection, respectively.

- Because ethical approval for this type of research is regulated nationally, researchers should investigate for each country separately, whether the study requires
obtaining ethical approval, and if so, consider the time and administrative burden associated with filng and obtaining ethical approval.

- Experience from this study reveals that the necessity of obtaining ethical approval depends on whether the study is considered in scope of the national law
regulating this type of research. In this study, ethical approval was applied for and obtained in all countries where patients were included. However, during the
submission and approval process, it appeared that the study did not fal in the scope of the national law requiring ethical approval in Belgium and Finland,
where the process of obtaining ethical approval took partioularly long. Conversely, the procedure took less time in Spain and Romania, where the ethical
committee did not explicitly mention whether the study required their approval.

8. Research teams should consider the input, time and administrative burden for involved clinical partners associated with these steps and ensure
flexi terms of timelines, if ethical approval, hospital contracts, and patient recruitment relies on their cooperation.

9. Before starting the study, researchers should investigate how patient recruitment and data collection will take place in practice. In this study, the
involvement of oncology nurses and clinicians proved to be crucial for implementing the recruitment and practical organization of the discussions.

10. Preference researchers should consider the practical and methodological implications of COVID19 and/or potential subsequent pandemics

and how their study designs could best meet patient needs.

- In this study, this was especially relevant as myeloma patients have increased susceptibilty to infections.

- COVID19 substantially delayed the study, e.g., due to required changes to the initial research protocl to adhere to hospital requirements in view of patient
contact restrictions, and increased workloads for cooperating healthcare professionals, ethical committees and hospital administration offices.

- Future qualitative preference research may likely require digital and online formats for data collection, as well as phone cals, virtual encounters, instead of
face-to-face contacts.
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Desired activities

EUPATI CH should provide:
« Training for patients (pt orgs, A) and the pharmaceutical industry (P)

« Networking with other patient organizations (pt orgs, R, A)

« Information to patients (pt orgs), the community (R), and academia (A)
« Ashared opinion on questions related to patients in clinical research (R)
Criticisms

« Lack of clarity regarding mission (P)

* Unfulfiled tasks (P)

« EUPATI CH's financial support from the pharmaceutical industry (R, A)
Expected role of EUPATI CH

* Connect with patient advocates (P)
 Run multi-stakeholder initiatives to support patients/the community (P, pt orgs)

pt orgs, patient organizations; P, pharmaceutical industry; A, academia; R, policymakers
and regulators.
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Stakeholder category*
Patient organizations

Academic research representatives
Healthcare professionals
Pharmaceutical industry representatives
Policymakers and regulators

Current Pl limited in medicines R&D
Barriers to PI*

Lack of education

Lack of collaboration

Language barriers

Lack of support

Lack of funds and human resources
Priority areas for patients

Training and education

Plin processes

Improving own competence in Pl
Understanding stakeholders’ responsibilities
Understanding stakeholders' roles
Skills development

Guidance, framework, tools

Best practices

“Multiple answers possible.

Responses (%)

45
2
23

38

24
16
13
13
65

388

44
45
40
40
46
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Stakeholder group Contacted  Accepted Qualitative

interviews analysis
Patient organizations 8 4 4
Acadermia 6 5" 5
Policymakers and regulators 3 2 2
Pharmaceutical industry 4 3 3
20 14 14

*2 never replied, 1 was 00 busy, 1 interview was cancelled and only written text was
provided by the organization.

1 never replied.

1 not allowed.
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Stakeholder group
(n:4)

Patient organizations
(2 small, 2 large)

Stakeholder group
(n:2)
Academia

Strategies

« 1 Collaboration with SKs
* Educated pts:
1) Make informed decision
2) 1 Awareness pts rights
3) Speak effectively
« Direct PI (boards, events,
communication,
data collection)

* Direct PI

1 Plby:

1) tAwareness

2) Making it a
high-priority program

Ongoing activities ~ Successes

« Data collection, o 1 SKawareness

scientific boards * Good

« Online strategy collaboration

« Definition of with pharma
objectives of future and some SKs
research (clinicians,

« Organization ptorgs)
of events

« Plas evaluation Too early

criteria for academic
studies

« Building up network
of the society

« Direct Plin:

1) Registry for major

problems
2) Focus groups
) Boards

Difficulties

* With mermbers

* Other SKs (mainly
authorities and other pt
orgs)

« Lack of funding

« 1 Complexity of disease
and treatment

« Collaboration
with pts/parents:

1) How to contact them

2) How to find the proper
representative

3) Lack of time

4) Little scientific
knowledge:

« Highly specialized studies

« Small, disease-specific

orgs
« Trial failures due to low
feasibilty, pt accrual

Future activities

« 1 Colaboration with
authorities and other pt
orgs

« Enable pts to become
active/train to be experts

« 1 External
communication act

4 Plby:
1) Looking for parents
interested in research
2) Direct involvement i
projects

3) 1 Funding

* Develop research in
the community

SK, stakeholder; pt, patient; Pl, patient involvement; EC, ethics committee; WG, working group; GC, general consent; DB, database; orgs, organizations.
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Stakeholder group
(n:2)

Policymakers and
regulators

Stakeholder group
(n:2)
Pharmaceutical
industry (n:3)

SK, stakeholder; pt, patient; Pl, patient involvement; EC, ethics committee; GC, general consent; EU, European Uni

Strategies

« Involve pts in ECs
« 1 Information
for pts/laypeople

* Global strategy:
pt-dedicated teams and
local representatives

o Increase:

1. Knowledge of pt

advocacy

2. Ptempowerment

through education

3. Equality in partnership

with pts

Ongoing activities

« Educational
programs for new EC
members

* Collaboration with
health leagues.

« Involve local pt
representatives

* Bring pts’ view into
whole lfe cycle

« Long-term teaching
in collaboration with
EU umbrella orgs

« Use pt advocates to
empower pts

Successes

* Good contact
with pt orgs

* 1 pts’ attention
to
e-health literacy

o 1Pl

* Ongoing
community
studies

* Involvement in
projects of
international
ptorgs

Difficulties

Poor acceptance of GG

Heterogeneity of pt orgs
Reluctance of some SKs
to involve pts

Change is too slow in
industry

Collaboration with some
ptorganizations
Pharma industry’s

bad reputation

orgs, organizations.

Future activities

List of pts to be contacted
Research on best GG

1 Plin

e-health information

Cover all activities in
development

Increase internal Pl
awareness

« Organize events to bring
together pt orgs.
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Term

Intended use
/indications of
use

Labeling

Claim

Definition

Statements in the labeling that describe the purpose of the device,
including the disease or condition for which the medical device
can be used. Health authorities review and determine the
appropriateness of these statements for inclusion in medical
device labeling. The use of the medical device will be limited to the
context of these statements.

The information that icentifies and describes a medical device.
This can include the stickers or tags on the physical device, but
also includes the instructions for use (IFU), which define how,
when, and by whom a medical device can be used.

A statement about the safety, efficacy, or use of a medical device.
Health authorities will only allow manufacturers to make clairms:
that have been proven in marketing applications by evidence.

The scope and context of use of a medical device are defined by @ manufacture and
captured in the device information. Health authorities review this information to determine
its appropriateness based on the evidence provided, and the mediical device use i then
limited to the defined information.
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Product
code

OEO

NON

NOT

Psy

QKQ

Description

Automated digital image manual interpretation
microscope

Microscope, automated, image analysis,
immunohistochemistry, operator intervention,
nuclear intensity, and percent positivity

Microscope, automated, image analysis, and
operator intervention

Whole slide imaging system

Digital pathology display

Digital pathology image viewing and
management software

Regulatory
number

21 CFR
864.1860
21 CFR
864.1860

21 CFR
864.1860
21 CFR
864.3700
21 CFR
864.3700
21CFR
864.3700
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510 (k) number*

K111543
K111755
K111869
K111872
K111914
K121033
K121350
K121516
K122143
K130021
K130515
K131140
K140465
K140957
K141109
K142965
K172174
K172922
K190332
K192259
K193054
K201005

Product

VIRTUOSO (TM) System for IHC HER2 (4B5)
VIRTUOSO System for IHC KI-67 (30-9)
VIRTUOSO System for IHC PR (IE2)

VIRTUOSO System for IHC P53 (DO-7)

Virtual Siide System Olympus VS800 System
VIRTUOSO System for IHC KI-67 (30-9)
VIRTUOSO System for IHC (DO-7)

VIRTUOSO System for IHC HER (4B5)
VIRTUOSO System for IHC PR (1E2) Benchmark Ultra Stainer
Philips Herceptest Digital Score

VIRTUOSO System for IHC ER (SPI)

Omnyx IDP for HER2 Manual Application
VIRTUOSO System for IHC ER (SP1) with Benchmark Ultra Stainer
Genasis HIPATH IHC Farnily

Aperio EPATHOLOGY EIHC IVD System

Virtuoso System for IHC PR (1E2) using iScan HT
Phiips IntelliSite Pathology Solution

Barco N.V. MMPC-4127F1 (PP27QHD)

Aperio AT2 DX System

Philips InteliSite Pathology Solution

Sectra Digital Pathology Module

FulFocus

*The information listed in this table was collected through searches of FDA's 510 (k) database.

‘The list is imited to the 6 product codes listed in Table 4.

Product code**

‘OEO; NOT
‘OEO; NQN; NOT
OEO; NON
‘OEO; NON; NOT
OEO

‘OEO; NQN; NOT
‘OEO; NGN; NOT
‘OEO; NON; NOT
OEO; NQN; NOT
OEO

OEO; NQN; NOT
OEO

OEO; NQN; NOT
NQN; NOT
NQN; NOT

OEO

PSY

PZz

PsY

PSY

QKa

PSY; QKQ

Approval date (mm/dd/yyyy)

10/12/2011
02/22/2012
03/06/2012
04/19/2012
08/21/2012
00/6/2013
06/01/2012
09/26/2013
09/19/2013
09/19/2013
11/22/2013
04/01/2014
03/20/2014
01/15/2015
07/29/2014
70/16/2015
10/04/2017
12/21/2017
05/20/2019
09/20/2019
03/31/2020
07/16/2020
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Term

Cleared

De novo
request
granted

Approved

Definition

FDA clears a medical device to be marketed after a manufacturer
submits a 510 (k) marketing application and demonstrates.
substantial equivalency to a predicate device, as wel as follows
general controls, such as good manufacturing practices and
'special controls. This is a Class Il medical device submission
pathway.

Manufacturers submit a de novo request (., the marketing
application) for Class Il medical devices for which there is no
predicate device. Upon review, FDA grants the request for the
medical device to be a Class Il device, and the medical device is
considered cleared for marketing. This pathway is typically more
tigorous than the 510 (k) pathway, but less rigorous than that for a
Class Il device.

Class lll medical devices go through a figorous and substantial
review when manufactures submit a PMA application for FDA
review. When a device is found to be safe and effective, FDA
approves it for marketing,

Specific terminology defines which FDA submission pathway a medical device has gone
through. For manufacturers, each term has implications for device development.





