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1 Introduction

This thesis aims to analyze aspects of the regulatory premarket pathways in the Eu-
ropean Union (EU) and the United States (U.S.) regarding medical devices intended
for use in rare diseases and conditions. The specificities of rare diseases are primari-
ly the limited number of patients and scarcity of expertise [11]. These medical prod-
ucts are referred to hereafter as “orphan devices” in analogy to “orphan drugs”, rec-
ognizing that they are less likely to be developed by industry because the market is
small, and research and development costs usually cannot be compensated through
market revenues. The following analysis will outline the United States’ FDA pioneer-
ing concept of Humanitarian Use Device (HUD)/ Humanitarian Device Exemption
(HDE), specifically designed to accelerate the market access of orphan devices un-
der the condition of continuous additional approval of a local investigational review
board. As there is no comparable regulatory pathway implemented in the EU, the
question is raised, whether any elements of the FDA’s concept may be applicable as
a model for tailored legislation in the EU. The necessity to accelerate orphan device
development in the EU has been stated by the EU umbrella patient advocacy organi-
zation for rare diseases, EURORDIS. It underlined the significance of orphan devices
and proposed the implementation of the label “Humanitarian Medical Device” (HMD)
[1]. As relevant structural differences between the two regulatory systems in the EU
and U.S. have to be taken into account in judging about the transferability, critical
elements of both are briefly described with emphasis on the premarket assessment

of novel high-risk therapeutic medical devices.

2 Research Objectives

With the enactment of the humanitarian use device/ humanitarian device exemption
concept by U.S. Congress in 1990, the United States’ federal law through the Safe
Medical Devices Act of 1990 (P. L. 101-629) governs a regulatory framework recog-
nizing the specific constraints and financial burden of the development of medical
devices intended for rare disease populations [2]. This concept, the first of its kind
concerning medical devices, eventually became necessary due to emerging technical
progress and invention on the sector of medical devices. The patient’s access to
novel devices incorporating new materials, complex technical features or that are

targeting unmet medical needs, is highly impacted by premarket clinical data re-



quirements. The premarket assessment procedure therefore is a critical milestone in
any device development project. Concerning products with low revenue expectations,
the project may be ended prematurely by the manufacturer due extension of costs.
Moreover, with regard to the small numbers of patients affected by a specific disease
or condition, the conduct of large clinical studies may not be feasible in some cases.
Eventually U.S. Congress became aware of the impediments of the approval thresh-
old for potentially meaningful medical devices bearing new technologies in terms of
health care value also for rare diseases. In order not to exclude patients with rare
diseases or conditions from the adoption of technical innovation, a non-standard

premarket procedure was implemented with the HUD/ HDE pathway.

To illustrate potential rare medical targets for medical devices, three conditions and
diseases from two different therapeutic areas are presented as case studies in sec-
tion 9.7.3: Pediatric heart failure (cardiology), dystonia and cranial stenosis (both

neurology).

In this thesis, devices intended for small populations are referred to as “orphan de-
vices” in analogy to “orphan drugs”. Nevertheless, particular requirements associated
with the development and market access of orphan devices are distinct from those
for orphan drugs. The assumption is, that a tailored regulatory policy for orphan de-
vices will be necessary in the EU in order to foster their market access, since there

currently is no corresponding concept established.

Based on a comprehensive evaluation of the current regulatory premarket environ-
ments for therapeutic high risk medical devices in the United States and the Europe-
an Union, this review will explore the suitability of the FDA’'s HDU/HDE concept to

serve as a model for the EU.

Taking into account the endeavor undertaken by the United States’ FDA to acceler-
ate the development of products classified as humanitarian use devices (HUD) for
almost two decades, it can be assumed that there are relevant unmet medical needs
regarding medical devices although until today, no comprehensive database exists

but may be created in the near future.

Medical devices cover a very wide range of products for imaging, surgical instru-
ments, respiratory devices, active implantable devices, for example. In comparison to

the U.S., the EU orphan devices seem not to have been an issue until today. Accord-
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ing to the communication of the European Commission with regard to the ,Action
Plan for Rare Diseases®, orphan devices have not been considered for taking action

to present.

However, the German Ministry of Health published a report on the topic of adequate
medical care with medical devices recently, the HDU/HDE concept was mentioned in
the context of the proposal of and EU Medical Device Regulation. The report points
out that the FDA’s concept should be assessed with regard to the EU modeling a

specific regulatory scheme after it [3, 4].

In rare conditions, the process of clinical data generation may sometimes be waived
until postmarket phase due to small patient numbers, and more regulatory flexibility

may be necessary.

The identified concepts will be tested with regard to the European regulatory system
for medical devices. Until today, there is no legal term “orphan device”. With the ad-
vent of the Medical Devices Regulation, this gap may inhibit clinical investigation and

consequently market access of orphan devices. This question will be approached.

3 Methods and Materials

Two systematic literature researches were performed in EMBASE. For the first one
the following search terms were applied in permuting combinations: ,medical device*
AND ,orphan “OR ,rare disease“ OR ,rare condition®* AND/OR ,FDA“ AND/OR ,Eu-
rope“. This search delivered very few results. This was interpreted as an indication

that the topic probably has not been focused on in the past.

Therefore, a second systematic research was conducted using search terms less
specific for medical devices, but aiming at retrieving results on more general aspects
with regard to rare diseases: “policy“ AND ,rare disease“ OR ,rare condition OR
,United States® OR ,European Union“. Again, only a few articles were retrieved.
Along with the first search, they served as starting points by utilizing their references
for further literature search. A relevant source of information regarding U.S. legisla-
tion and procedures, information was retrieved from FDA’s homepage. In addition,
established publishers and journals of the biomedical engineering sector were sys-

” “* * " ” 113 ” 113

tematically searched for the terms “rare”, “disease*”,”condition”, “orphan”, “device”,

»” 13

“‘medical’, “medtech”, “regulation”, “law”, “policy” in any possible combination. Among
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the sources were: The Journal of Medical Device Regulation; Medical Device Re-
views; Nature; The Lancet; Axel Springer publishing house and Informa Healthcare
and the U.S. National Academies Press. Only three journal articles were identified
that specifically dealt with “orphan devices” at all. It is therefore assumed, that there
has been only little interest in this issue from the perspective of regulatory science at

all until today.

4 Milestones of the Implementation Processes of Policies on the

Regulation of “Orphan Products”

4.1 The Concept of Rare Diseases

A rare disease is a disease with a low prevalence. In the United States, a rare dis-
ease is defined as disease affecting small patient populations, typically less than
200,000 people in the United States per year as stated in the Rare Diseases Act
2002 (P. L. 107-280). In the European Union, rare diseases are described as life-
threatening or chronically debilitating diseases that have a prevalence of 5 out of
10.000 individuals or less [11].

There are 7000 diseases considered rare. In the EU an estimated 25 million people
suffer from one. In the U.S. almost 30 million individuals are affected. Effective treat-
ment options exist only for a few rare diseases, whether by chance or due to the
commitment of patient advocacy. For most rare diseases, there is a lack of even sim-
ple basic knowledge. The cause of the diseases, their frequency, prognosis and her-
itability is usually unknown. Therefore rare diseases collectively account for signifi-
cant unmet health care needs in the United States and Europe [2, 8, 12]. In parallel
with the evolution of regulatory systems for drugs and medical devices that heavily
rely on premarket testing, the development costs have been rising. For products with
expectedly smaller market returns, even below the investment, an impediment was
created through the extensive data requirements for market approval. Consequently,
product development for small markets was less attractive for industry and therefore
“orphanized”. The U.S.’s National Institutes of Health estimates that 50 percent of the
patients affected by a rare disease are children and only 30 percent of them will cele-
brate their fifth birthday [13,14]. Nevertheless, barriers to the availability of pediatric
devices are frequent and significant [11]. Particularly in the cardiac, pulmonary and

orthopedic therapeutic areas pediatric devices are needed. “Despite the tremendous
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success of the Orphan Drug Act, rare diseases and disorders deserve greater em-

phasis in the national biomedical research enterprise.” [5].
4.2 European Union

4.2.1 EU Orphan Drug Regulation of 1999

In 1999 in the EU Regulation (EC) No 141/2000 was enacted [8]. The scope was lim-
ited to drugs intended to treat rare diseases that were life-threatening or chronically
debilitating. The regulation set out a statutory definition for rare diseases, based on
the prevalence rate that was not to exceed 5 in 10.000 individuals in the EU. A drug
was also to obtain an orphan drug designation, if the sponsor could establish that the
investment into development could not be compensated by market returns (financial
criteria). Accordingly, provisions were enacted for the financial promotion of research,
development and the placing on the market of promising orphan drugs. The provi-
sions are of incentive character companies may choose to take advantage of them. A
scientific Committee for Orphan Medicinal Products (COMP) was implemented at the
European Medicines Agency (EMA) with this regulation in order to review applica-

tions for orphan drug designations.

4.2.2 Communication from the European Commission 2008

Another crucial legal instruments addressing the complex issues associated with rare
diseases in a harmonized manner, is the European Commission’s policy on rare dis-
eases as stated in the Communication on Rare Diseases in 2008. This serves as a
framework to each member state’s national action plans. However, regarding orphan
devices it states: “The Orphan Medicinal Product regulation does not cover the field
of medical devices. The limited size of the market and the limited potential return on
investment is a disincentive. The Commission will assess whether there is a need for
measures to overcome this situation, possibly in the context of the forthcoming revi-

sion of the Medical Device Directives” [23].

4.2.3 Implementation Report from the European Commission 2014

The report reveals in its conclusion that “the Commission has fostered the exchange
of experiences to help Member States develop their national plans or strategies for
rare diseases [16]. This has supported a significant number of Member States to put
in place dedicated plans to address rare diseases: Sixteen Member States now have

rare diseases plans (as compared to only four in 2008) and a significant number are
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close to adopting a plan. Supporting Member States in this endeavour remains the
key priority for the Commission's work in this area. Despite such encouraging pro-
gress, there is still a long way to go to ensure that people suffering from a rare dis-
ease can obtain the right diagnosis and best possible treatment throughout the EU.”
Therefore, the EU Commission clarified on their focus in the matter: fostering national
rare disease plans. But awareness of different tasks is also expressed in the docu-
ment: “Work further to decrease inequalities between patients with rare diseases and
patients suffering from more common disorders and to support initiatives promoting
equal access to diagnosis and treatment.” [16]. Nevertheless, the documents lack a
commitment to “orphan devices”. It thus is plausible to conclude that the potential

value of medical devices to health has not been perceived sufficiently.

4.3 United States of America

4.3.1 United States Orphan Drug Act of 1983

The policy of the U.S. federal government aiming to assist in the development of
products for the diagnosis, prevention or treatment of rare diseases or conditions was
ruled with the Congress passing the Orphan Drug Act in 1983 (P. L. 97-414) [27].
Incentives were provided to the industry for the investment in therapies for rare dis-
eases, sometimes referred to as “orphan products”. The FDA Office of Orphan Prod-
ucts Development (OOPD) was implemented through this legislation with the mission
to advance the evaluation and development of products (e.g. drugs and medical de-
vices) that demonstrate promise for the diagnosis and or treatment of rare diseases
or conditions [30]. The OOPD evaluates scientific and clinical data submissions from
sponsors to identify and designate products as promising for rare disease and to fur-
ther advance their development. The office also works on rare disease issues with
the academia, other governmental agencies, industry, and rare disease patient
groups and through these means implements the US’s rare disease policy aiming to
accelerate patient’s access to orphan products. The OOPD also provides grants for
clinical studies on safety and/or effectiveness that may either result in, or substantial-
ly contribute to, market approval of these products. The mission of FDA’s Orphan
Products Grants Program in the OOPD supports, among other products, the clinical
development of medical devices for use in rare diseases and conditions where no
current therapy exists, or if the device is expected to be superior to established

treatment options.
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The many barriers to the development and availability of medical devices intended for
the pediatric population lead to the implementation of the Pediatric Device Consortia
Grant Program at the OOPD, which provides funding to nonprofit consortia to facili-
tate the development of pediatric medical devices, which often are intended for rare
diseases and conditions in children (42 USC § 284h) [32, 33].

4.3.2 Humanitarian Use Device and Humanitarian Device Exemption

In 1990, the US Congress authorized the Humanitarian Use Device (HUD) designa-
tion and Humanitarian Device Exemption (HDE) pathway to further encourage the
invention and development of orphan devices, perhaps owing to the fact that several
rare diseases or conditions can only be addressed using medical devices [34, 35].
With this concept, a non-standard regulatory pathway was enforced creating oppor-
tunity for access to medical devices intended to address unmet medical needs in rare
disease populations that would otherwise not be feasible [14]. A detailed description

and analysis of this regulatory concept is outlined in section 9.7.

4.4 The Impact of Patient Advocacy

In both regions, many small patient advocacy groups form umbrella organizations as
the European Organization for Rare Diseases (EURORDIS) in the EU and National
Organization for Rare Disorders (NORD) in the U.S. The rare disease community
consists of people committed to advancing scientific medical knowledge in rare dis-
eases. Advocating on behalf of them are among others, patients and their families,
health care professionals and government officials. They are frequently united by the
knowledge and experience with sick children going through a difficult diagnostic od-
yssey and then learning the fact that there is no therapy for them [38,]. EURORDIS
emphasizes that medical devices in rare diseases patients often provide a major con-

tribution to life expectancy and quality of life [1, 40].

EURODIS statement in the context of Recast of the Medical Device Directive:
“...proposing the creation of a regulatory status of “Humanitarian Medical Device* for

the EU, due to the relevance of medical devices in the context of rare diseases.” [1].
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5 Common Principal Elements of Medical Device Legislations in
the EU and the U.S.

In general, the challenges to medical device regulation are similar, independently
from the global region it will apply to. Especially in the EU and the U.S. common prin-
cipal elements are shared regarding aims and legislation. Nevertheless, as outlined
in chapter 9 and 10, the implemented procedures vary significantly, particularly the
rules for premarket assessment. Due to the vast range of medical devices and their
broad range of intended purpose and technical features, the risks to human use are
ranging from non-significant to high-risk to human life. Medical devices share with
drugs the intended medical purpose, but differ in the means to achieve it. The legisla-
tive frameworks for medical devices in the U.S. and the EU are more recent than the
regulatory frameworks for drugs and correspond to the enormous technical progress
in the field of medical devices. As also further explained in chapters 9 and 10, com-
prehensive rules for medical devices were enacted in the U.S. in 1976 through the
Medical Device Amendments (P.L. 94-295) [41], and during the 1990s through three
complementary directives in the EU. Due to the unifying global market, harmonization
to medical device regulation is crucial. In this spirit WHO is actively involved and pub-
lished interesting guidance documents and hosts the “WHO Global Forum on Medical
Devices” [42, 43].

5.1 Terminology

Medical device terminology is crucial with regard to the decision whether medical de-
vice regulation applies or not. Due to the medical intent shared by drugs and devices,
the borderline between both regulated medical product groups is sometimes not evi-
dent, and the demonstration of applicability of the terminology’s criteria sometimes
can be burdensome to the manufacturer, but also to the regulating body in taking a
regulatory decision. According to the WHO, the primary goal is to protect public
health and safety [44].

5.1.1 World Health Organization Terminology

The WHO'’s international guide on a ,A Model Regulatory Program for Medical De-
vices" proposes, that a medical device is an ,instrument, apparatus, machine, implant
or in-vitro reagent whose use is intended for the diagnosis of disease, or for cure,
mitigation, treatment or prevention of disease, or for affecting the structure or function

of the body for some medical purpose.” [42]. It specifies, that devices ,do not achieve
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any of their purposes by means of chemical action within or on humans, and are not

dependent on being metabolized to achieve a result.“ [42].

5.1.2 European Union Terminology

A medical device shares with drugs the human medical purpose and may be distin-
guished from them by the primary mode of action as specified objectively by the
manufacturer. According to Article 1.2 of the Directive 93/42/EC, the medical purpose
as intended by the manufacturer may not only be therapeutic, but also diagnostic,
preventive or other. A medical device can be “any instrument, apparatus, appliance,
software, material or other article, whether used alone or in combination, including
the software”. The principal intended action of a device is not achieved “in or on the
human body by pharmacological, immunological or metabolic means, but may be

assisted in its function by such means”.

5.1.3 United States Terminology

The terms to which the U.S. FDA is authorized to determine whether a product is
classified as a drug or medical device are defined in the Federal Food D (FD&C Act)
§§ 201(g) and 201(h) . The decision has to be based on scientific knowledge about

the critical characteristics of the product and the statutory definition:

“A medical device is "an instrument, apparatus, implement, machine, contrivance,
implant, in vitro reagent, or other similar or related article, including a component

part, or accessory which is:

recognized in the official National Formulary, or the United States Pharmacopoeia, or

any supplement to them,

intended for use in the diagnosis of disease or other conditions, or in the cure, mitiga-

tion, treatment, or prevention of disease, in man or other animals, or

intended to affect the structure or any function of the body of man or other animals,
and which does not achieve any of its primary intended purposes through chemical
action within or on the body of man or other animals and which is not dependent up-
on being metabolized for the achievement of any of its primary intended purposes
according to 21 USC § 321 (h)).

Therefore, medical devices do not achieve their principal intended action by pharma-

cological, immunological or metabolic mode of action.
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5.1.4 Combination Products

5.1.4.1 European Union

EU legislation does not define a category of drug/device combination products, but
assign them to either drug or medical device regulation, depending to the primary
mode of action as declared by the manufacturer and taking into account whether the
differently regulated components are presented as a fixed combination. By defining
the intended primary purpose with regard to the mode of action, the manufacturer
specifies his product with regard to the demarcation between medical devices and

drugs.

Therefore, a coronary stent with ancillary drug is regulated as a medical device ac-
cording to Article 2 Nr. 4 of Directive 93/43/EC: “Where a device incorporates, as an
integral part, a substance which, if used separately, may be considered to be a me-
dicinal product within the meaning of Article 1 of Directive 2001/83/EC and which is
liable to act upon the body with action ancillary to that of the device, that device must

be assessed and authorized in accordance with this directive.”

5.1.4.2 United States

Combination products are defined in U.S. legislation as a product category in section
503(g) of the FD&C Act, 21 USC Part 353 (g), 21 CFR Part 3.2(e) and are overseen
by the Office of Combination Products of the FDA. The term combination product in-
cludes [45]:

* A health care product composed of two or more regulated components and
manufactured as one single entity.

* More than one differently regulated components are packaged together into a
package unit.

* A drug, device, or biological product is packaged separately that is intended
for use only with an otherwise regulated component to achieve the intended

use.

5.2 Demarcation of Medical Devices from Drugs
The crucial criteria for distinguishing medical devices from drugs are the mechanism

of action and the intended use.
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5.2.1 Mechanism of Action

Medical devices differ from drugs in the means through which their healthcare related
effect is achieved and are distinguished them from for regulatory purpose. Medical
devices typically have a physical mechanism of action, while drugs act through chem-
ical (U.S.) [47, 48] respectively pharmacological, immunological or metabolic (EU)
principles upon the human body. In case of more than one mechanism of action ex-
erted to the human body, a primary mode of action in contrast to the ancillary mode
of action may be identified of the components of combination products. Sometimes
multiple modes of action may be involved and sometimes it will be difficult to rank
them. Regarding orphan products, the interpretation of the demarcation criteria may

have an impact on the eligibility for obtaining an “orphan drug” designation.

5.2.2 Intended Use

By definition, medical devices share with drugs the intended medical use. While
drugs usually have a therapeutic effect, medical devices can also be diagnostic in
nature or have any other type of effect on the human body (e.g. cosmetic or compen-
satory for a malfunctioning). The “intended use” has to be specified by the manufac-
turer in both legislations not only in the instruction for use, but from the beginning of
the project of a development process onwards. The technical specifications and per-
formance criteria are tailored regarding the intended use and altogether form an enti-
ty with regard to the application of regulatory oversight. The regulatory requirement to
demonstrate that the medical device performs as intended is linked to the intended
use and therefore can relate to the result of a physical intervention, like denervation
for example. If stated by the manufacturer that the medical device was intended to
“reduce blood pressure”, this would be the performance goal and the according proof
of performance would be equivalent to the demonstration of clinical efficacy. The ex-
tent and nature of data required for the clinical evaluation are consequently depend-
ing on the intended use specified by the manufacturer. Ultimately, the demonstration
of clinical performance may be similar to a proof of effectiveness. The degree of scru-
tiny of premarket assessment therefore is significantly influenced by the labeling pro-
visions and may be varied by more stringent requirements regarding the instruction

for use and specification for the intended use.
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5.3 Risk Classification of Medical Devices
The range of medical devices is extensive with regard to their intended purpose and
technical features. In order to be able to apply the appropriate level of regulatory

scrutiny risk classes have been defined in most regulatory systems [13, 49].

5.3.1 European Union

In the EU, a risk-based classification system applies for medical devices, taking into
account the level of risk a device can pose to human health, based on the device’s
specifications regarding degree of invasiveness, duration of application and degree of
interaction with vital organ systems. By applying classification rules, four risk classes
are established: I, lla, IIb and lll. The manufacturer has to apply an appropriate con-
formity assessment route to their product in order to demonstrate that it complies with
the essential requirements. He then has to certify the conformity by completing a dec-

laration of conformity.

5.3.2 United States

This risk-related classification designation scheme was a fundamental element of the
1976 law building the basis for application of appropriate regulatory requirements
[50].

It is recognized that a higher degree of novelty of applied device technology, implies
an uncertainty of risks to a higher extent, unless pre-clinical and clinical data arise to
demonstrate reasonable safety. Different regulatory pathways for market access ap-
ply according to the designated risk class. The nature and extent of postmarket over-
sight varies accordingly. The designation of the appropriate risk class therefore is
crucial. The appropriate level of control and scrutiny is applied according to the risk
class allocated to the medical device, taking into account the degree of ,substantial
equivalence” to medical devices legally on the market. In order to demonstrate ,sub-
stantial equivalence” to the predicate device, a dossier has to be submitted including
technical device characteristic and pre-clinical data (sometimes in-vivo) relating to
safety and performance. Usually clinical data are not required for this procedure with
the exemption of different new technology being applied to the device. The premarket
regulatory pathway of a novel medical device highly depends upon its allocation to
one of the risk-classes I, Il or lll. A device incorporating new technologies is consid-
ered a significant risk device, unless otherwise proven, taking into account the high

degree of uncertainty with regard to the extent of inherent potential risks associated
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with the use in humans. The process of risk-classification strongly relies on the expe-
riences with legally marketed devices to which the “essential similarity” can be estab-
lished. The FDA is hosting a registry retrieving classification-information for any legal-
ly marketed medical device in the US. The manufacturers can make reference to any
listed product and make reference to it in their application claiming “essential similari-
ty” to a predicate device that was marketed before the enactment of the MDA in1978.
Consequently, the appropriate level of control and scrutiny may be applied relative to

the risk-class the medical device has been designated:

* General controls for class | (low risk, little complexity).
* General and special controls for class |l (moderate risk, greater complexity).
* General controls and premarket assessment for class Ill (significant risk, often

life supportive or —sustainable).

In cases when the “essential similarity” cannot be established and “non-essential sim-
ilarity” (NES) is determined by the FDA instead, the automatic allocation to risk-class
[l is the consequence. In exceptional cases, the FDA may recommend the “de-novo-
procedure” (FFCA Section 513(f)(2)) [9, 7].

For a novel high-risk medical device class Il will be allocated if essential similarity to
a legally marketed predicate device cannot be established. It will instead be compre-

hensively tested and evaluated premarket.

5.4 Premarket Review

5.4.1 European Union Premarket Conformity Assessment Procedures

As will be elaborated in section 8.5, the EU legislation provides four different proce-
dures applicable for class Ill devices according to the annexes II-V of the directives.
The conformity assessment procedures are third-party reviews aiming to certify, that
the device conforms to the essential requirements. According to a module like con-

cept, the manufacturer can choose from various approaches.

5.4.2 United States Premarket Approval or Premarket Notification

According to U.S. legislation and as outlined in section 9.6, for novel high risk devic-
es, the Center of Devices and Radiological Health (CDRH) of the Federal Food and
Drug Administration (FDA) reviews, based on the technical documentation, the

manufacture, design history, technical and biological safety data as well as clinical
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data derived from approved clinical studies or literature in order to determine whether
the manufacturer provided reasonable evidence of safety and effectiveness within the
premarket approval (PMA) procedure. In exceptional circumstances, as outlined in
section 9.7, market access is granted based on the proof of reasonable safety only
through the humanitarian device exemption (HDE) Procedure. Nevertheless, the vast
majority of medical devices obtain market access through the less stringent pre-
market notification procedure, also referred to as 510(k) procedure, in accordance to

the section of the United States Code ruling this market access route.

5.5 Postmarket Surveillance
In both legislations, manufacturers have postmarket adverse event reporting and vigi-

lance requirements.

In the EU serious adverse events have to be reported within a ruled timeframe to the
competent authority of a member state. Subsequently, they have to conduct their
own risk assessment and take appropriate regulatory action. The outcome of the risk-
analysis will then lead to recommending measures and corrective action to be taken

as well as withdrawal of market access or restriction of supply.

6 Clinical Evidence Building for Medical Devices

6.1 The Development Process of Medical Devices

In comparison to drugs, medical devices are an extremely heterogeneous group of
products. They are not based on scientific discovery, like drugs are, but invented and
developed instead. The innovation and product development process of medical de-
vices and the underlying technical expertise differ in some significant ways from the
process of invention of a new drug [28]. In this process, a physician often participates
in a key role. He may start-of the development of a new medical device in delivering
the specifications of unmet therapeutic needs and comprehensive clinical insight with
regard to the suitability (human factors, environment) of a proposed technology [22].
The interaction between health care professionals and engineers can pave the way
for a novel orphan product. The more sophisticated a multidisciplinary network works,
the better informed take project decisions can be taken. The stages of clinical devel-
opment can be distinguished into an exploratory (first-in-human/ pilot/ feasibility) and

a confirmatory/ pivotal one. With the preliminary safety and performance data the
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design of confirmatory clinical testing can be supported. Due to the mode of opera-
tion of medical devices contrasting from drugs, the functions operating on physical
properties are clinically tested with regard to performance according to specifications
in order to demonstrate compliance to the essential requirements. The conduct of
well-controlled clinical trials may often not be feasible due to the nature of the device
(i.e. implant) or because of ethical reasons. Therefore the rate of product turnover is
relatively rapid due to short life cycles (1,5 — 4 years). This may have a negative im-
pact on the long-term monitoring and evaluation of safety and effectiveness with re-
gard to rare adverse events. In order to apply the appropriate level of testing and
regulatory oversight to a specific medical device, it is allocated to one out of three

(U.S.) or four (EU) risk-classes as elaborated in section 5.3.

For products classified as high risk devices incorporating of novel technologies (first-
in-class) usually clinical studies need to be conducted in both regions, if essential
requirements are identified that “require support from relevant clinical data” in the EU
[53, 54]. With regard to establishing a favorable risk-benefit ratio a clinical trial may
be necessary for collecting the data required supporting a PMA. Nevertheless, the
requirements with regard to the nature and extent of clinical data diverge in the two
regions. According to EU Medical Devices Directives, it is required to demonstrate
that the device complies with the essential requirements as ruled in the Annexes | of
the EU Directives. It is required to demonstrate that the device is safe functions as
intended by the manufacturer. The manufacturer is responsible for setting the specifi-
cations with regard to an acceptable level of safety and specifying the performance
criteria. The development process methodology applied to a medical device therefore
is crucial with regard to iterative steps for risk mitigation and performance qualifica-
tion. Incremental technical improvement steps are integral part of a process involving
experts from multiple disciplines. The conduct of a risk analysis including all expected
hazards associated with the design in normal and failure condition, including use er-
ror. This is by contrast to the U.S.” FDA requiring reasonable assurance of safety
and “proof of effectiveness®. The regulatory approval threshold is defined by FDA
through the enacted federal regulations and specified by guidance documents and
not by the manufacturer, as it is the case in the EU. The product development pro-
cess is aiming at are closely linked the regulation governing market access. Emerg-
ing technologies enable the development of novel, sophisticated medical devices with

features posing high risks to human subijects in case of malfunctioning, misuse or use
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error. Among these there are drug/ device combination products, medical devices
containing nanomaterials or implantable drug delivery devices, just to name a few.
Due to the probable impact of the specific features of any “cutting-edge” technology,
the risks associated with these healthcare products cause are not well understood in
the beginning of use and therefore associated with a high degree of uncertainty. The
innovation process for medical devices is often incremental and involving ongoing
product modifications and improvements. Accordingly the rate of product turnover is
rather rapid. Therefore data of a specific device type may remain limited and cannot

be aggregated with data generated with new types.

6.2 Conditions for Market Access

6.2.1 Evidence of Safety

Several regulatory systems require the manufacturers to demonstrate the safety of
the medical device in a premarket review process. There is an international consen-
sus that the design of the device should be validated as a condition for market ac-
cess. There are legislations that solely rely on establishing safety, others understand
safety in conjunction with proof of effectiveness [44]. A device is considered to be
safe, if the benefit outweighs the residual risks, which are valued as acceptable by
the manufacturer in the EU, and contrastingly assessed by the FDA. A risk is defined
as combination of the severity of harm with the frequency of occurrence of it. The
acceptability of a risk level is estimated by the manufacturer’s own policy, taking into

consideration similar medical devices and state-of-the-art performances.

“‘FDA’s statute and regulations do not define “safe” or “safety” as such, but describe
criteria for determining that a medical product is safe: ,there is reasonable assurance
that a device is safe when it can be determined, based upon valid scientific evidence,
that the probable benefits to health from use of the device for its intended uses and
conditions of use, when accompanied by adequate directions and warnings against
unsafe use, outweigh any probable risks” (21 CFR 860.7 (d)(1)).

EU Directive 93/42/EEC states ,Whereas medical devices should provide patients,
users and third parties with a high level of protection and attain the performance lev-
els, attributed to them by the manufacturer; whereas, therefore, the maintenance or
improvement of the level of protection attained in the Member States is one of the

essential objectives of this Directive®.
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6.2.2 Establishment of a Risk Management Process

The EU manufacturer is required to mitigate unacceptable risks through design,
alarm or instructions for use. It is to a manufacturer’s discretion to decide about the
level of acceptable risks according to the harmonized standard DIN EN ISO
14971:2012. The risk analysis has to be updated in case new relevant safety data

arise.
The FDA suggested two tools for the conduct of risk analyzes [23, 55]:

* Failure mode and effects analysis;

* Fault tree analysis.

In the risk analysis any potential anticipated hazard to human use has to be identi-
fied, based on experience, literature research and preclinical testing, considering
state-of-the-art technical knowledge and are weighed against the probable benefits to
patients in a comprehensive manner and sufficient detail to support the conclusion
that the risks to the patients are not unreasonable. The risk analysis reflects a con-
sideration of potential failure modes, the measures to mitigate the corresponding

risks in order to minimize overall risk as low as reasonable possible.

6.3 Performance

According to Guidance MEDDEV 2.7.1 Rev.3 [53] on Clinical Evaluation, “Perfor-
mance is the ability of a medical device to achieve it intended purpose as claimed by
the manufacturer” [31] and in accordance with associated labeling technical specifi-

cations of relevant product standards. [44]
6.4 Effectiveness

6.4.1 Definition of Effectiveness
“Effectiveness” means a product can be shown by valid scientific evidence to pro-

duce an intended clinical effect in a target population.” (WHO 2009) [43].

6.4.2 Evidence Requirements

The manufacturer is required to demonstrate to the FDA through valid scientific evi-
dence the ,reasonable assurance of safety and effectiveness” by ,weighing any
probable benefit to health from the use of the device against any probable risk of inju-
ry or iliness from such use,...“. According to Section 513(a) FD&C Act the FDA is au-

thorized to determine about the reasonability of assurance [20, 56].
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Regarding the overall impact of a regulatory go/no go decision it is essential to clarify
the nature of the data set on which it is based. The FDA frequently uses the term
“valid scientific evidence” and clearly states what data are considered under these
terms: “Valid scientific evidence is defined as “evidence from well-controlled investi-
gations, partially controlled studies, studies and objective trials without matched con-
trols, well-documented case histories conducted by qualified experts, and reports of
significant human experience with a marketed device”, from which it can fairly and
responsibly be concluded by qualified experts that there is reasonable assurance of

the safety and effectiveness of a device under its conditions of use.” [20].

In the EU, there is no legal requirement regarding evidence of patient-relevant clinical
benefit, but the manufacturer demonstrates conformance with the essential require-
ments with regard to safety and performance, based on a risk analysis and in weigh-
ing the residual risks against intended benefit to patients. The EU conformity as-
sessment procedure does not necessarily rely on effectiveness data and therefore
the exemption from a requirement to demonstrate “reasonable assurance of effec-
tiveness” can probably not have appropriate impact as an incentive for orphan devic-
es in the EU. In the EU, “there is no requirement to assess short- and long-term
harms in well-designed RCTs, with the use of blinding and hard end points whenever
possible.” [58]. The EU data requirements for premarket evaluation are not strongly

related to the demonstration of effectiveness or patient relevant benefit [58].

6.5 Risk Benefit Evaluation

A riskless medical device does probably not exist. Minimal risk devices may be ac-
cepted only, if there is a high degree of uncertainty regarding anticipated benefits.
Some regulatory experts are of the opinion that ,device safety is inextricably linked to
effectiveness/performance®. The risk level in the context of life threatening or chroni-
cally debilitating unmet medical needs may be accepted even if it is high and/or un-
certain [44]. Therefore, a well-informed decision may be taken regarding the risks of
a medical device if weight against benefits that are relevant to the patient and that
have been demonstrated. A “reasonable assurance of safety and effectiveness” is
determined by the FDA under section 513(a) of the FD&C Act in “weighing any prob-
able benefit to health for the use of the device against any probable risk of injury or
illness from such use”, among other relevant factors.” It has to be demonstrated,

based on valid scientific evidence, “the absence of unreasonable risk of iliness or
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injury associated with the use of the device for its intended uses and conditions of
use” in the meaning of 21 CFR Part 860.7(d)(1) [59, 60].

7 Challenges of the Orphan Medical Device premarket Clinical De-

velopment

7.1 Universal Challenges of Medical Device Clinical Development

For the purpose of establishing best clinical practice there should be made no differ-
ence between the drugs and medical devices. In any case valid scientific data are
essential for establishing evidence-based therapies and guidelines for clinical ser-
vices in the long run. The process of translation of experimental use of a drug or
medical device into evidence based medical practice usually is not completed for

medical devices when market access is granted in any legislation.

The input of physicians to the development process assumes a high level of medical
expertise with regard to the rare disease that is targeted with the device. Therefore
the “centers of expertise” concept supports best practice in rare disease healthcare.
The established models for the clinical development of drugs are not fitted with medi-
cal devices. Their distinction of premarket clinical development phases |, Il and Il
takes account for the unknown pharmacological and pharmacokinetic effects, which,
by contrast, are not present in medical devices. For medical devices the mode of ac-
tion has been designed and has been verified by in preclinical performance testing
[61]. Therefore, only two fundamental phases can be described in the premarket clin-

ical development of medical devices

* An exploratory phase including first in human and feasibility clinical trials, aim-
ing at generation of safety and preliminary performance/ effectiveness data.
* A confirmatory phase with regard to pivotal performance/effectiveness data

supporting premarket assessment applications.

Regarding the validation of performance, there is a vast acceptance of surrogate
endpoints like ,isolation of the vein“ of an ablation device in arrhythmic cardiovascular

diseases, for example.

The learning curve often has to be taken into account and usability is impacting per-

formance. Furthermore, problems may arise far from the original place or time a de-
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vice was used or implanted, for example, in the home or under the care of a physi-
cian not associated directly with the device. Adding to the complexities of device re-
search per se are the technical complexities of conducting pediatric studies including

small populations and special research protection regulations.
Medical devices differ from drugs in many regards:

* Medical devices are a very heterogeneous group of products with different fea-
tures and a wide scope of technologies incorporated.

* Medical devices have a very short life cycle due to vast emergence of new
technologies or technical features.

* The physical mechanism of action of medical devices can have local effects
that are well measurable effects on physiology or histology of the human body
or otherwise interfere physically with the human body in a way, that may not
be well understood (e.g. stimulating the nervous system).

* With medical implants, exposure to the product is not terminated and associ-
ated with irreversible consequences to patients.

» Sources for ,valid scientific evidence can come from other than well controlled
trials (e.g. uncontrolled trials, historical controls).

* The regulatory rigor of the requirement to demonstrate reasonable assurance
of clinical effectiveness (US) or performance (EU) is more moderate for medi-
cal devices and no replication of clinical findings is required but only one piv-
otal clinical trial (US) or a clinical evaluation (EU) that may be based on data
derived from clinical trials and/or historical data.

* Medical devices are designated an intended use by the manufacturer that is
reflected in the risk analysis and revealed in the investigator’s brochure or the
instructions for use.

* The performance of medical devices often is often linked to user’s skills, who
often is a specialized physician.

* The use of the medical device frequently is embedded into a medical proce-
dure that is linked to the performance of the device and may have an influence
over the overall risks presented to the patient.

* The risks associated with the use of medical devices may vary with a physi-

cian’s judgment.
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* Medical devices are not discovered but developed and usually have short life-

cycles due to often incremental technical advancements.

Medtech companies are often small which sets limits to the nature of development

and testing since per-product revenues are relatively small compared to drugs.

These differences of medical devices require adequate phasing of clinical trials dur-
ing the clinical development, differing from those for drugs. Well-controlled studies
are often not feasible e.g. owing the fact that the user cannot be blinded to the study
intervention or may be precluded due to ethical considerations (sham-procedure un-
ethical). Moreover, the results from long-term clinical studies may no longer be rele-
vant to modified products and varied medical procedures that have an impact on the

outcome.

Medically appropriate alternative treatment regimens may not be available to provide
randomized, concurrent controls. Long-term performance evaluations of implants
primarily rely on design controls and failure analysis, which may be based on regis-

tries designed with appropriate methodology.
7.2 Challenges in the Development of “Orphan Devices”

7.2.1 Small Patient Population
Due to small number of patients, multi-center clinical trials are needed in order to
have adequate power. International cooperation can assist in aggregating partici-

pants into one clinical trial.

7.2.2 Centers of Expertise

The etiologies of diseases are often unknown unless there are physicians who dedi-
cate their career to any of these, accepting to remaining studying it for many years.
They can only act in close co-operation with their patients and their families. There
often is no medical society existent that is elaborating standards of treatment and
supporting clinical decision-making. A physician has to be deeply committed to his
patients and cannot approach his patients from a position of know-it-all doctor. Rare
diseases are often more complex than common diseases and therefore the patho-
physiology seldom understood [62]. Therefore, in the EU rare diseases policy centers

of expertise are part of the strategic concept.
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7.2.3 Research Consortia

The International Rare Disease Research Consortium (IRDIRC) was launched in
April 2011 to foster international collaboration in rare diseases research. The Euro-
pean Commission and the US National Institutes of Health initiated the discussions,
and other stakeholders, including other funding agencies, have also been invited to
join the consortium. IRDIRC will team up researchers and funding agencies in order
to achieve two main objectives by the year 2020, namely to deliver 200 new thera-

pies for rare diseases and diagnostic tools for most rare diseases [15].

8 EU Premarket Assessment Procedures for Medical Devices

8.1 Legal Framework

The systematic EU regulation on medical devices is more recent than the pharma-
ceutical legislation and was enacted during the 1990s. Medical devices regulated
within a supranational legislative concept originally designed for technical goods and
referred to as the “New Approach”. This is due to the nature of the EU, functioning is
an organization governing 28 independent European member states. With regard to
medical devices, each Member State has transferred the authority to enact laws to
the EU government aiming at harmonized rules for a single EU market. The frame-
work of this New Approach aims to protect public health in setting high levels of safe-
ty and to provide access to the Community market and at the same time promote
innovation and technical harmonization. In principle, this is reached by demonstrating
compliance to the essential requirements when following the provisions of applicable.
In an effort to harmonize the requirements for medical devices, three core directives
have been enacted, outlining the supranational regulatory mechanisms until today,
but leaving the implementation into each member state’s national law through a na-

tional obligation to transpose the EU legislation [62, 64, 65]:

* Directive 90/385/EEC covering implantable medical devices (AIMDD)

* Directive 93/42/EEC ruling medical devices that are not within the scope of any
other directive (MDD)

* Directive 98/79/EC concerning in vitro diagnostics (IVDD)
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The directives have been amended several times, taking into account the vast tech-
nical innovation and internationalization of the market, and particularly in 2007 by
Directive 2007/47/EC [3].

This legislation is aiming to ensure a high level of protection of human public health
and their safety. They also enable a single EU market for medical devices in over-
coming barriers with regard to national requirements of technical specifications (use
of standards as outlined in section 8.4. Taking into account the vast technological
progress and global harmonization, the directives have been amended with regard to
the requirement of clinical data forming the basis for clinical evaluation. Other current
issues are the definition of software functioning as a medical device, coordination of
efforts within the EU Member States and the public’s expectations regarding trans-
parency. The advent of some drug/device combination products required the estab-
lishment of procedures for evaluation of the drug. The Guidance MDDEVs comple-
ment the EU directives in the effort to promoting “a common approach by manufac-
turers and Notified Bodies involved in the conformity assessment procedures accord-
ing to the relevant annexes of the Directives, and by the Competent Authorities
charged with safeguarding Public Health” and to establish harmonized procedures [4,
29].

8.2 Manufacturer’s Responsibility

The manufacturer’s responsibilities are outstandingly high in the EU legislation. Many
activities with pharmaceuticals require prior approval of a competent authority [8]. By
contrast to pharmaceutical products, medical device regulation is based on the con-
formity to legal essential requirements. Compliance has to be demonstrated by the
manufacturer prior to placing a product onto the market. The onus of ensuring and

declaring conformity is therefore placed on the manufacturer.

8.3 Essential Requirements

The essential requirements as laid down in in Annex | to the Directives 93/42/EEC
and 90/385/EEC, relate to the safety in the use of the device and comprise labeling
requirements. They are expressed in terms of scientific and technical performance
characteristics. Efficacy us not implemented into the essential requirements [4]. They

are arranged into two sections:

1. General Requirements.
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2. Requirements regarding design and construction.

The essential requirements state the overall requirements for suitability of technical
design related to the risk-benefit equation in the purpose intended by the manufac-
turer and comprise labeling requirements. They are generally expressed in terms of
scientific and technical performance characteristics. Efficacy is not reflected in the

essential requirements [2, 8].

The purpose is to define a harmonized scope of requirements that have to be met.
They are a crucial component of the “New approach” concept of EU Council of 1985

regarding technical devices [16, 18].

8.4 Use of Standards

EU harmonized standards are a core element of the “New Approach” concept, and
are utilized to ensure presumption of conformity to the essential requirements with
regard to technical specifications. Therefore, the harmonized standards function as a
means to define harmonized technical specifications of medical devices for the single
EU market, for which they constitute a prerequisite. The scope of harmonized stand-
ards can be focused on one single group of medical devices (e.g. cardiac pacemak-
ers). Otherwise they may address one aspect relevant to any medical device and
applicable in conjunction to “vertical” standards summarize best practice [20, 21].

Three examples of “horizontal” harmonized standards are:

* DIN EN ISO 13485:2012 requirements for the total quality management sys-
tem in accordance with the three medical device directives.

* DIN EN ISO 14971:2012 outlining the fundamentals of risk management
methodology.

* DIN EN ISO 10993-x series specifying biocompatibility test requirements.

The development of standards is fostered by national private non-profit organizations
through committees consisting of all industry, public authorities and research organi-
zations. Yet the access to standards is associated with costs, due to the limitation
that only private publisher are authorized to sell them and restrict their use to single
working units [21]. The application of standards bears the concept of extensive regu-

latory adaptability to evolving technologies [19].
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8.5 Premarket Conformity Assessment Procedures

In the EU’s conformity assessment procedures according to annexes II-V of the di-
rectives applicable for class Ill medical devices, the manufacturer has to demonstrate
that the medical device has been designed, is manufactured and will be distributed
according to a full quality management system (QS) that conforms to the applicable
essential requirements of the directives. The presumption of conformity to annex Il of
the directives can be established in evaluation of a full quality system according to
DIN EN ISO 13485. The risk management process is a core feature in the QS, aim-

ing at control and assessment of the residual risks.

The clinical evaluation is one crucial element of the conformity assessment proce-
dure in terms of whether it is established by the manufacturer that the anticipated
clinical benefits remain favorable when weighed against the residual risks resulting
from a risk management process as outlined in the standard DIN EN ISO 14971. A
clinical evaluation is defined in the Guidance MEDDEYV 2.7/4 (Dec. 2010) [26] as an
“assessment and analysis of clinical data pertaining to a medical device to verify the
clinical safety and performance of the device when used as intended by the manufac-
turer”. The Directive 2007/47/EC, amending the MDD and AIMD, specifies clinical
data requirements regarding their source and validity. The manufacturer’s clinical
evaluation report became mandatory for the conformity assessment [30]. The clinical
data are to be presented within a clinical evaluation report, which now is a mandatory
component of the technical file. The standard DIN EN ISO 14155:2011 sets out the
framework for good clinical practice for the design, conduct, data management and
reporting of clinical investigations carried out in humans with the purpose of as-
sessing the safety and performance of medical devices for regulatory purposes. If a
device incorporates novel technologies or materials or was ascribed a new intended
use, appropriate and specific requirements to for presumption of conformity should
be set out in an applicable standard. If an essentially similar device existed, historical
data may complement the clinical evaluation adding to data derived from clinical trials
with the new medical device or may from the only basis for the clinical evaluation.
Unless a product specific harmonized European standard requires a comparative
clinical trial establishing effectiveness, the general requirement of clinical evaluation
can be satisfied without the conduct of a well-controlled clinical trial. Even in case the
applicable standard would state otherwise, the manufacturer can deviate from it if

justified. The sponsor’s responsibility cannot be underestimated. Therefore, in theory,
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it is possible that apart from a product-specific recommendation for comparative ef-
fectiveness trials, an innovative medical device may enter the market if the manufac-

turer’s justification for deviating from the standard is accepted by the notified body.

8.6 Notified Bodies

There is no centralized European agency mandated for the premarket assessment of
medical devices. One of the tasks of the European Commission is to provide for
regulatory guidance, promote harmonization among member states. The Commis-
sion is significantly participating in creating European medical device legislation.
Nevertheless, the regulatory responsibility rests with the 27 Member States (MS) of

which each has its “own national competent authority’” [32]. Each competent authori-
ty can appoint one or more notified bodies (NB) by accreditation to execute duties
outlined in the directives. Approximately 70 NBs of varying expertise currently work in
the EU and are delegated the responsibility for overseeing the pre- market-
assessment procedure of medical devices. NBs are independent technical and for-
profit organizations competing with each other for manufacturers as customers and

are monitored by domestic competent authorities.

8.7 Manufacturer’s responsibilities

Many activities with pharmaceuticals require prior approval of a competent authority.
The regulatory systems for medical devices are quite different from those for phar-
maceuticals. The conformity to legal essential requirements has to be demonstrated
by the manufacturer before placing a product onto the market and therefore the onus

of ensuring and declaring this is placed on the manufacturer.

8.8 EC Certificate of Conformity

The manufacturer has to certify the conformity by completing a declaration of con-
formity. In general, the manufacturer can chose between two main approaches to
conformity assessment. It can be based either on an individual product assessment

or on an approved total quality management system audited to Din EN ISO
13485:2012.

Regulatory essential requirements relate to the safety for patient and user. They are
regarded in relation to the intended performance claimed by the manufacturer and
recognized through the essential requirements. They relate to the safety in the use of

the device as intended and comprise labeling requirements. They are generally ex-
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pressed in terms of scientific and technical performance characteristics. Efficacy is

not reflected in the essential requirements.

8.9 CE Marking

The conformity of a medical device to the essential requirements is indicated by affix-
ing a CE marking to the device. When the CE marking is affixed, this represents a
declaration by the person responsible, that it conforms to all applicable Community
legislation and that appropriate assessment procedures have been successfully
completed. CE refers to Conformité Europeene and acts like a passport that allows

the device to be placed onto the EU single market.

8.10 Outlines of the Proposal for a New Medical Device Regulation (MDR)
Revisions are expected to the medical devices regulation reflecting amendments to
the ,new approach® legislation according to the Proposal of the EU Commission for a
regulation on medical devices, active implantable medical devices an in vitro diag-

nostics:

* Regulation (EC) No 178/2002
* Regulation (EC) No 1223/2009

In general, the current system has operated well for two decades since its enactment.
It has promoted a single European market while protecting human health. Yet the risk
to patients from medical devices to patients is to be controlled sufficiently with regard
to emerging complex novel devices. The novel EU Medical Device Regulation is ex-
pected to enter into force by 2016. One key issue will be the scrutiny procedure for

significant risk medical devices (scrutiny procedure).

8.11 Implications for Orphan Devices

There is no designation for orphan devices in the EU.

The threshold for CE-mark approval does not offer any flexibility with regard to classi-
fication of the condition or population in which it risks to human use are judged to be
acceptable based on the risk analysis and comprehensive data demonstrating tech-
nical safety and acceptable level of biocompatibility and performance as intended by

the manufacturer when weighed against the anticipated benefit.
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9 U.S. Premarket Procedures for Significant Risk Medical Devices

9.1 Legal Framework

The U.S. regulation of medical devices is governed, along with drugs and other prod-
ucts, under the Federal Food, Drug, and Cosmetic Act of 1938 (FD&C Act), as
amended (P. L. No. 75-717, 52 Stat. 1040 (1938)) [14, 37]. The Center for Devices
and Radiological Health (CDRH) at the Food and Drug Administration (FDA) was
charged with ensuring the safety and effectiveness of medical devices. The act origi-
nally exclusively covered legally marketed devices that were sanctioned to be unsafe

or misbranded, but did not authorize the FDA for premarket assessment.

9.1.1 The Medical Device Amendments of 1976

Until 1976, US federal government had very limited authority to govern the safety of
effectiveness of medical devices. With the implementation of the Medical Device
Amendments (MDA) of 1976 (P. L. 94-295), the increasing complexity and relevance
of medical device technology was acknowledged and the present day medical device
regulatory framework was founded. The FDA was empowered with the authority to
regulate safety and clinical effectiveness. Clarification was provided about the defini-
tion of medical devices by their contrasts to drugs. At the same time it was recog-
nized that a systematic concept was warranted to draw FDA'’s attention to the pre-
market assessment of safety and efficacy benefits of the medical devices and estab-
lish a mechanism for premarket approval or notification, depending on the product’'s
inherent risks to human use. Recognizing the diversity of medical devices, they were
allocated to one of three risk classes (I, Il or Ill) in order to apply the appropriate

regulatory oversight to them. This concept was explained in section 5.3.

Nevertheless, the newly enacted premarket assessment mechanisms did not apply to
medical devices that were legally marketed before the enactment of the MDA in
1976. Therefore they continued to be marketed as so called “predicate” of “pre-
amendment” devices that divided the market into two sections. Moreover, if “essential
similarity” can be established in relation to a “pre-amendment” device in considera-
tion of the intended use and device technology, for these post amendment devices
the mandate for a premarket authorization, based on demonstration of safety and
effectiveness, does not apply. For the first time, FDA was authorized to describe

good manufacturing practices.
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9.1.2 The Safe Medical Devices Act of 1990

The FDA'’s authority was strengthened regarding the regulation of safety and clinical
effectiveness of medical devices in order to carry out their mandate to protect public
health through the Safe Medical Devices Act of 1990 (P. L. 101-629). It required facil-
ities that were using medical devices to report serious incidences related to patients’
health. Postmarket surveillance was strengthened for high risk devices. The FDA was
authorized to recall hazardous medical devices. The rules and authorities in the clas-
sification process were varied. Moreover, regarding medical devices with intended
use in diseases and conditions that affecting less than 4.000 individuals in the United
States, section 520 of the FD&C Act was amended by the “Humanitarian Device Ex-
emption” [3, 38-40]. The purpose was to foster the development and patient access

of medical devices intended for such small populations.

9.1.3 The FDA Modernization Act of 1997

With the enactment of the FDA Modernization Act of 1997 (P. L. 105-115), some pro-
visions of the 1990 legislation were updated concerning adverse event reporting and
mandatory postmarket surveillance studies that may be ordered by the FDA along
with the premarket approval. In addition, more FDA resources were authorized on the
administration of significant risk device regulation. The requirements for the protec-
tion of clinical trial participants were enhanced including special protections for chil-
dren [66].

9.1.4 Medical Device User Fee and Modernization Act of 2002
With the Medical Device User Fee and Modernization Act of 2002 (P. L. 107-250),

the regulatory procedures for medical devices were streamlined.

In addition, provisions were included for pediatric use of the devices. One is the obli-
gation to report on postmarket surveillance on medical devices used in pediatric pop-

ulations.

9.1.5 The Pediatric Medical Device Safety and Improvement Act of 2007

The Pediatric Medical Device Safety and Improvement Act of 2007 (P. L. 110-85)
addressed the shortfalls in the development of pediatric medical devices. It mandated
a tracking system of pediatric device approvals by the FDA for the first time. It also

included two provisions stimulating pediatric device development:
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Elimination of the profit restriction on pediatric devices approved under the HDE
pathway, authorization of appropriations for grants to non-profit consortia for projects

that demonstrated to promote pediatric device development [65].

9.2 Medical Device Panels and Advisory Committees

The expertise of FDA’s CDRH is supplemented by external expertise in order to carry
out its regulatory decision-making. The collaboration with healthcare professionals
practicing in a specific therapeutic area is formalized through the advisory committee
system, comprising 18 panels relating to medical areas i.e. circulatory system devic-

es or neurological devices for example.

9.3 Use of Standards and Guidance

FDA’'s CDRH Standards Management Staff ensures adequate medical device stand-
ards are published in the Federal Register as the last step of a formalized process
that was created as a result of the FDA Modernization Act of 1997 [44]. The applicant
may provide documentation to establish conformance with applicable standards. In
addition, FDA guidance documents with relevance to the safety or effectiveness of a
device should be provided according to 21 CFR Part 814.20(b)(5). In the U.S., the
FDA is authorized to recognize voluntary standards of which many have been devel-
oped with the participation of CDRH staff. Conformance with a recognized consensus
standard can support the premarket evaluation requirement to demonstrate reasona-
ble assurance of safety and effectiveness with regard to man aspects for significant
risk devices going through the PMA procedure. In case of conformance in a pre-
market notification, this may bridge the establishment of substantial equivalence,
therewith allowing for market access through the notification route 510(k). As a decla-
ration of conformity to a standard is accepted by the FDA and the requirements for
submission of submission of test data will be eliminated for the aspects covered by
the standard. Instead, FDA is authorized to inspect and audit underlying test data to

confirm conformance as declared by the manufacturer [23-25].

9.4 Premarket Notification Procedure (510(k))

Class lll medical devices are exempt from premarket approval if FDA finds them to
be “substantially equivalent” to another exempt device. The determination of “sub-
stantial equivalence” is based on § 510(k) of the FD&C Act. In the “510(k) procedure”
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the manufacturer notifies to the FDA to which devices he is claiming substantial

equivalence, based on the characteristics of materials and intended use [7, 68].

9.5 Investigational Device Exemption (IDE)

Prior to the conduct of a clinical study with an unapproved medical device investiga-
tional exemption (IDE) approval according to 21 CFR 812 is required. The purpose of
the study is limited to the collection of safety and effectiveness data in support of a
premarket approval (PMA) or, in exceptional cases, in support of a 510(k) application.

A modified medical device or a different intended use may require an IDE [9].

9.6 Premarket Approval Procedure (PMA)

The premarket approval procedure (PMA) according to 21 CFR Part 814 is mandato-
ry for placing onto the market novel high risk devices without established essential
similarity to a predicate medical device, prerequisite for the 510(k) route to market. If
a medical device fails in the PMA and the application is denied, it cannot be marketed
under section 501(f) of the FD&C Act. The PMA is the process “of scientific and regu-
latory review to evaluate the safety and effectiveness of class Ill medical devices”
[20, 68]. Due to potential serious risks associated with the medical device, FDA has
determined that general and special controls are not sufficient for these devices in

order to provide assurance of safety and effectiveness.

The FDA determines if the application contains sufficient robust clinical data derived
from one or more clinical trials or valid scientific evidence from other sources to
demonstrate that the medical device is reasonably safe and effective for its intended
use. For novel and more complex medical devices incorporating new technologies or
ancillary drugs forming a drug/device combination product, an automatic class Ill des-
ignation is ruled. Unless they can be down classified through the de novo classifica-
tion procedure initiated by the FDA or the manufacturer, they are mandatory for a
rigorous premarket assessment within a PMA procedure. It is the most stringent pre-
market procedure through which went only 2% of all new medical devices for which
an essential similarity to a predicate device has not been established. “FDA regula-
tions provide 180 days to review the PMA and make a determination. In reality, the
review time is normally longer.” The transparency of the procedure outcome is high
due to publishing a notice in the internet including the data on which FDA’s decision
is based. “The public has the opportunity to petition FDA within 30 days for reconsid-

ering the decision” [68].
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9.7 Non Standard Approval Route for Small Populations

The regulatory requirements for high-risk devices should not impede technical and
medical progress, but be appropriate and encouraging for the development of medi-
cal devices, even for rare diseases. In this spirit, a non-standard premarket program
was enacted by U.S. Congress with the Safe Medical Devices Act of 1990 (P. L. 101-
629). The Humanitarian Use Device (HUD)/ Humanitarian Device Exemption (HDE)
concept was implemented as a two-step process. The alternate approval route is only

eligible for medical devices that are designated as HUD.

This exemption was implemented in order to provide incentives for development of

medical devices for small populations [38, 44].

9.7.1 The Humanitarian Use Designation (HUD)

On request to the Office of Orphan Products (OOPD) [46, 47] a manufacturer may be
granted a humanitarian use designation according to 21 CRF Part 814 Subpart H
[69]. As ruled in 21 CFR Part 814.3(n), “an Humanitarian Use Device (HUD) is a
medical device that is intended to benefit patients by treating or diagnosing a disease
or condition that affects or is manifested in fewer than 4,000 individuals in the United

States per year.” [5].
The Statutory Conditions for granting a designation are:

* The rare population criterion specifies that “medical device is intended to benefit
patients in the treatment or diagnosis of a disease or condition that affects or is
manifested in fewer than 4.000 individuals in the United States per year” (21 CFR
Part 814.102(a)(5).

* The Sponsor must periodically report data to the CDRH to demonstrate the con-

tinued appropriateness of the HUD designation.

* The medical device addresses an unmet medical need, that is life-threatening or
seriously debilitating and CDRH will not approve a HDE if a comparable device
has been cleared or approved for the same indication through either the 510(k)

notification process or PMA approval process [47, 48].

9.7.2 The Humanitarian Device Exemption (HDE)
In order to provide a specific pathway for humanitarian use devices (HUDs) to sup-

port timely market entry, U.S. Congress created a non- standard premarket approval
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procedure, the humanitarian device exemption (HDE) procedure (21 CRF Part 814
subpart H). Approval authorizes marketing of a HUD under the condition of individual
and continuous IRB approval. The PMA can be streamlined due to the HUD designa-

tion program in the Office of Orphan Products Development (OOPD).

9.7.2.1 Data Requirements

The manufacturer has to demonstrate,

* that the device does not pose unreasonable risk of harm,

* the probable benefits outweigh the risk of harm.

The medical device is therefore exempt from the requirement to demonstrate rea-

sonable assurance of effectiveness.

To encourage development of medical devices for rare diseases, the approval
threshold has been lowered concerning effectiveness data requirements and is met if
the applicant demonstrates that the device is safe and can establish the expectation

of probable benefit to patients [72, 73].

9.7.2.2 Incentives
FDA intends to encourage manufacturers to interact with the agency in order to de-

velop an appropriate approach specific to the needs of the devices [13, 49].

* Tax reduction of development costs.

* The non- standard requirement of lower level of premarket clinical evidence
due to exemption from the requirement to demonstrate, reasonable assurance
of effectiveness.

* The filing fees are waived.

* The time lines for review are shorter than for PMAs.

* Manufacturers are eligible for orphan products grants.

9.7.2.3 Statutory Conditions for Use of HDE

The use of humanitarian device exemptions is associated with burdens to the
healthcare professionals, the healthcare settings and the manufacturer. Due to the
exemption from the requirement to demonstrate reasonable effectiveness, tight con-
trols for use are implemented. The use of the humanitarian device exemptions is
considered non experimental if used according the terms of approval. Nevertheless,

the IRB is authorized to approve the use beyond the approved intended use.
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The approval of a local institutional review board (IRB) is required for each single use

of the medical device,

In an emergency situation, when a physician determines that approval from a local
IRB cannot be obtained timely, the device may be used and IRB has to be notified if,
before the use of a device, an institutional review committee approves the use in the
treatment or diagnosis of a disease or condition referred to in paragraph (2)(A), un-
less a physician determines in an emergency situation that approval from a local in-
stitutional review committee cannot be obtained in time to prevent serious harm or

death to a patient.

Revenues to the manufacturer used to be not allowed, until this statutory condition

was varied twice; first regarding pediatric medical devices and then all patients.

Shipment records and distribution numbers have to be reported by the manufacturer

periodically.

The labeling has to include the statement according to 21 CFR Part 814.20(b)(10)
and 21 CFR 814.104(c)(4)(ii)): “Humanitarian Device”.

9.7.2.4 HDE in Regulatory Practice
The Draft Guidance on “Humanitarian Device Exemption (HDE): Questions and An-
swers “ was issued in March 2014 [74] in order to provide clarity about practical as-

pects of the procedure and the post approval requirements:

* The extent of use of a HDE is controlled through the manufacturer’s reports on
shipment.

* The scope of IRBs is has not sufficiently been clarified, as they generally are
reviewing investigation plans and documents associated with biomedical re-
search.

* The use of a HDE is not considered research unless data are collected from
off-label use according to a protocol or not; In this case an informed consent
procedure has to be followed; Nevertheless, an IDE is not required, since the

HDE is already on the market.
The HDE provision does not include provisions for market exclusivity.

The manufacturers’ own experiences as retrieved in literature [31, 74, 76]:
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The most effective incentive is probably the exemption from the requirement to
demonstrate reasonable assurance of effectiveness due to the high costs and time
consuming clinical trials, that otherwise would have to be conducted in support of the

effectiveness claim.

Because of the time saving opportunity to access the market earlier, some of the re-
search and development costs may be partially recovered and enable the manufac-
turer to proceed with a premarket application. The authorized medical device may
then benefit from protection against competitors due to the humanitarian use device

and despite of unlimited market access.

»1he HDE process is generally viewed as confusing and burdensome. FDA could act,
within existing law, to make the process less intimidating and potentially more attrac-
tive to device developers®. Accordingly, recommendations were made by the expert
group to provide for clarification of the sponsor’s duties relating to Humanitarian Use

Devices with regard to [77]:

* Industry recommends to assign an ombudsman to help sponsors navigate the
regulatory process.

* The provision of specific guidance and technical assistance on the documen-
tation required for the designation with regard to sample size is crucial.

* There may be more than one HUD available with the same intended purpose.

* Post approval safety reporting requirements as the reporting of serious ad-
verse events (deaths, life-threatening or debilitating outcomes).

* The approval of a local IRB is causing relevant additional administrative bur-

den and therefore generates costs.

In conclusion, the HUD/ HDE concept bears a favorable and necessary paradigm
change for regulation of medical devices due to the expansion of legislation beyond
protecting patients from unsafe and ineffective medical devices and to impact and
promote the market access of a predefined category of medical devices. It can be
argued, that there is potential for improvement of the concept concerning the impact
factors and criteria for a streamlined market access. The conclusion is based on the
papers quoted above, the case studies elaborated in section 9.7.3 and on two com-

prehensive publications of the U.S.” Institute of Medicine focusing, among other top-
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ics, on unmet medical device needs in rare diseases in consideration of pediatric pa-
tients [78] [66].

The support for medical device innovation in the area of regulation is an effective el-
ement of promotion, but should be comprehended by others like research funding or
market exclusivity grants. Nevertheless, it can be concluded that the data require-
ments for market access have the highest impact on a company’s decision and ability
to pursuit product development due to the high costs of clinical validation and the un-

certainties associated.

The borderline between experimental and non- experimental use of HDEs is crucial

and the informed consent principle in case of experimental use has to be followed.

The requirements to generate clinical data in standard practical care are not a statu-
tory condition for all HDE’s, although the clinical data may in aggregate form the ba-

sis for the proof of effectiveness or disprove anticipated benefit.

“The threshold that innovations cross to reach the market sets in place an important
foundation. This foundation must be established on the basis of good scientific prin-
ciples and data to have its intended impact benefit to the public health without undue
delay” [78]. Nevertheless, market access is one time point within a medical device’s
live cycle and data collection should continue because after market entry to clinical

use, safety concerns may emerge that were not evident in clinical testing.
9.7.3 Case Studies of HDEs

9.7.3.1 Wingspan Intracranial Stent (Neurology)

The Wingspan Stent System, manufactured by Stryker, is a neurological medical de-
vice intended to widen the lumen of narrowed arteries of the brain due to intracranial
stenosis, which is a serious condition due to risk of life-threatening strokes. The FDA
approval as an HDE was in 2005 for the population with patients refractory to phar-
macotherapy, which was by then standard medical treatment [80]. Later on, the label-
ing of the medical device system was changed in order to define a more specific pa-
tient population for intended use. This was due to new interpretation of the HDE clini-
cal study and due to novel clinical data derived from a comparative clinical trial, the
SAMMPRIS study [71, 81].
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The clinical development of medical devices intended for the treatment of rare dis-
ease is a challenging task independent of the regulatory context it has been under-
taken in. The case study of the wingspan device system points out the weaknesses
of a regulatory system that is one of the few worldwide offering distinct regulatory
pathways for humanitarian use devices. To what extend has safety to be demon-
strated for an HDU or “orphan device” premarket? To what extent is the proof of effi-
cacy feasible? In this case a pharmacotherapy has already been established as
standard treatment. The wingspan device system is an implantable device targeting
the brain and “is indicated for use in improving cerebral artery lumen diameter in pa-
tients with intracranial atherosclerotic disease refractory to medical therapy in intra-
cranial vessels with 250% stenosis that are accessible to the system.” [82]. Accord-

ingly this therapeutic option inheres some constraints:

* Irreversibility due to implantation.

* The outcome is depending on the user’s skills.

* The eligibility criteria for patient selection need to aim at the greatest benefit pos-
sible in comparison to standard treatment.

* The therapeutic target is a vital organ system and the hazards associated with the
use of the medical device potentially life threatening.

* The performance of the medical device has short term and long term characteris-

tics and the clinical outcome is directly linked to the probable clinical outcome.

Subsequently to PMA approval, the long term performance evaluation was conducted
with the means of a comparative clinical study (SAMMPRIS). Based an evaluation of
clinical data from the HDE study and from the SAMMPRIS trial, the indication for use

was narrowed as quoted:

»Wingspan is now approved only for patients who are between 22 and 80 years old

AND who meet ALL of the following criteria:

* who have had two or more strokes despite aggressive medical management.

* who’s most recent stroke occurred more than seven days prior to planned treat-
ment with Wingspan.

* who have 70-99 percent stenosis due to atherosclerosis of the intracranial artery

related to the recurrent strokes and
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* who have made good recovery from previous stroke and have a modified Rankin
score of 3 or less prior to Wingspan treatment. The Rankin scale is used to
measure the degree of disability in stroke patients. Lower scores indicate less

disability.
The Wingspan Stent System should not be used for:

* the treatment of stroke with an onset of symptoms within seven days or less of
treatment; or

* the treatment of transient ischemic attacks (TIAs).” [10].

One eligibility criteria is the degree of atherosclerotic stenosis. This makes reference
to relevance of state of the disease and underlying cause and the corresponding
risks associated by natural disease progression as well as uncertainty about quick
response to standard medical care. This case may demonstrate that the intended use
of a medical device is crucial with regard to a favorable risk/ benefit ratio. In this case
it would have been theoretically possible for the manufacturer to apply for a most nar-
row population and, as a next step and based on clinical and possibly additional pre-
clinical data, to apply for a wider the population. The HDE/ HUD concept is designed
exactly for such orphan devices as the small patient number is recognized as an im-
pediment for market access for the manufacturer and the necessity to offer regulatory
flexibility for such potentially life-saving therapeutic devices. In my opinion this case
study demonstrates that, at the time of approval, the data were incomplete in relation
to the indications for use. This case illustrates the relevance of the labeling and the

necessity for adequate labeling requirements for HUD/ orphan devices.

9.7.3.2 Excor Heart Support System (Pediatric Cardiology):

Berlin Heart EXCOR Pediatric VAD is a pediatric medical devices with a design tai-
lored to the needs of children in a life-threatening cardiologic condition. The pediatric
device was designated as a HUD in 2001 and approved through a HDE in 2011 with
intended purpose for use as a “mechanical circulatory support as a bridge to cardiac
transplantation for pediatric patients. Pediatric candidates with severe isolated left
ventricular or biventricular dysfunction who are candidates for cardiac transplant and
require circulatory support may be treated.” [83]. The device assists the patient’s
heart in supporting the weak ventricle to pump blood. The para corporeal, pulsatile

cardiac assist system enables the patient to be discharged from the care unit into
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their home setting, which is a contribution for a favorable clinical outcome e.g. surviv-
al until heart transplantation can take place or recovery is reached. Through the con-
trol technology, the system adapts to the needs of the child's activity. The pump vol-
ume is oriented on a change in blood pressure during physical stress. Upper and
lower limits can be pre-set by the physician. The long absence of such mobile sys-
tems for pediatric patients led to complex and time relatively limited forms of therapy,
such as the Extracorporeal Life Support Systems (ECLS or ECMO). The EXCOR
Pediatric VAD is designed to support pediatric patients of all age groups, from new-
borns to teenagers, and can be used successfully for several months. By extending
the duration of the cardiac support, more patients can expect a donor heart. Accord-
ing to the “Summary of Safety and Probable Benefit” of the HDE approval of EXCOR
Pediatric VAD, EXCOR was CE-marked in the EU in 1996.

9.7.3.3 Deep Brain Stimulation (Neurology)

“The deep brain stimulation (DBS) system is an active implantable (EU AIMD) high
risk (U.S. class Ill) medical device. The mode of action is to deliver electrical stimula-
tion to specified physiological areas in the brain. The intended purpose is to target
areas that are associated with neurological or psychiatric disorders. For specific
subpopulations of chronic and drug refractory primary dystonia, the globus pallidus or
subthalamic nucleus, the deep brain stimulation kit from Medtronic was authorized for
market access under HDE conditions. The efficacy of this intended use has not been
established and based on FDA'’s determination that the probable benefits to human
health outweigh the risks of use within the terms of use conditions defined by the
manufacturer and designated as a HUD, the medical device was approved under the
HDE in 2003 [80]. The manufacturer Medtronic states on his homepage: "Surgery to
implant DBS therapy for dystonia can only be performed in a medical center whose
Institutional Review Board (IRB) has approved use of the device.” [50]. This infor-
mation is linked to the obligations of the HDE approval, which is considered market
access, but under the condition of IRB approval for individual use or for use within
one center. Therefore the market access may be considered as limited with regard to
this obligation. Yet, the therapeutic option is not considered experimental, due to
FDA'’s approval and if used under approved terms. IRB is authorized to specify the
terms of use for which they give approval and may narrow the indication or expand
into off-label use. In these cases, the use probably should be considered experi-

mental. Gathering from the manufacturer’'s homepage, the listed indications as
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movement disorders associated with Parkinson’s disease, for example. There is in-
formation relating to a PMA for this indication, but information about use and success
is demonstrated on the homepage, which is accessible also in the EU. It therefore
can be concluded, that the approval through a HDE allows access to a medical de-
vice under approved conditions and beyond. The boarders of experimental and non-
experimental use are therefore clearly blurred. At the same time, there is no clarifica-
tion or legislative obligation to collect clinical data, which is highly critical. Therefore it
is crucial that the manufacturer informs about use in experienced centers, which may

be interpreted as a recommendation.

“Despite the clinical success of DBS, the therapeutic mechanism of DBS remains
under debate.“ [55]. New target areas in the brain seem to be infinite and treatment

options continuously emerge for exploration.

“The history of DBS is a fascinating example of the interplay between basic and clini-
cal research. It is the coming together of these 2 arenas that has led to the evolution
of DBS for the treatment of disease as it is used today and will be used tomorrow.”
[55].

The DBS technology bears numerous challenging features and aspects, not limited to
medical and regulatory science. From a regulator’s perspective the mode of action
bears potential issues with regard to the uncertainty about overall effect cascade.
The physical means may be the trigger for a complex neurological effect reaching far
beyond what is considered a non-pharmacological, non-immunological, non-
metabolic, non-chemical but physical effect. The dose-dependency and adjustability
is a characteristic shared with drugs. Therefore, the DBS may be considered as a
platform technology that accessed U.S. market with the exemption from the require-
ment to demonstrate reasonable assurance of effectiveness. The life-cycle of the
platform technology will presumably exceed the average of a medical device of 1,5 —
4 years and in the long rung clinical effectiveness data should contribute to the evi-
dence building of this “last-resort therapy” [55]. Patient access to this implantable de-
vice is made possible through HDE without the prerequisite of the setting of a clinical

investigation [67].
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9.7.4 The Industry’s Perspective on the HUD/ HDE Concept

The non-standard requirement of exemption from the requirement to demonstrate
reasonable assurance of effectiveness in the HDE procedure is the most efficient
incentive for the manufacturers to bring their product to the US market. This incentive
implies an enormous financial value for the manufacturer who can bring his medical
device to market 1,5 to 4 years earlier. Often the decision to choose the HDE path-
way is made after IDE approval was granted and therefore in a very late development
step. Summary of experiences with HUD/ HDE regulatory concept are quoted: ,The
HDE process is generally viewed as confusing and burdensome. FDA could act, with-
in existing law, to make the process less intimidating and potentially more attractive
to device developers” [76]. Accordingly recommendations were made by an expert
group to provide for clarification of the sponsor’s duties relating to Humanitarian Use

Devices with regard to:

* Assignment of an ombudsman to help sponsors navigate the regulatory process.

* Provision of specific guidance and technical assistance on the documentation re-
quired for the designation with regard to population size.

* IRB review of HDEs.

* Evaluation whether the medical device meets the needs of the identified patient
population to meet the provision that no other medical device intended to treat or
diagnose the specific condition should be available through a PMA. Yet there may
be more than one HUD be available with the same intended purpose.

* Post approval safety reporting requirements as the reporting of serious adverse
events (deaths, life-threatening or debilitating outcomes).

* Revenues / Profits for adult medical devices were not allowed until 1997. Pediatric
medical devices were exempt from this provision. This is controlled by annual
shipment reports the FDA. An attestation is required that the amount charged
does not exceed the cost of research, development, fabrication and distribution.

* IRB Review is required initially and in addition continuously re-reviewed before
the medical device is applied.

* The Risk-benefit assessment may be based on minimal data including anticipated
benefit but on reasonable assurance of safety.

* Not exempt from the demonstration of reasonable safety in order not to compro-

mise patient’s safety.
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For pediatric medical devices scrutiny is applied to the oversight of adverse
events for which closely meshed reporting obligations are specified, Since the
“valley of death” can be surmounted by shortening the clinical development pro-
gram due to the exemption from the proof of efficacy, industry may have the op-
portunity to create new market.

Due to the FDA'’s transparency in communication HUD-approvals and the provi-
sion of preclinical and clinical safety and anticipated benefit data, the effect on
public relations is regarded as being “excellent” by some industry.

The creation of value is demonstrated.

It may be disadvantageous for the development of orphan combination products
drug/ device that the incentives for orphan drugs internationally differ from orphan
devices.

Grants for pediatric medical devices may be provided as financial incentives for
device development.

A good working relationship with the FDA may be established.

The FDA has the authority to require the sponsor to conduct longer postmarket
oversight than the currently established standard of 36 months.

Priority review voucher may be granted.

The credibility with physicians is well established.

Less effort is necessary to bring a product to the market which is critical for novel,

disruptive technologies for which minimal data are necessary only.

9.8 FDA Guidance on Expedite Access

Regulatory systems/ frameworks for new medical devices should provide pathways

to market access for promising innovations while equally ensuring patient protection

from products with an unfavorable risk/ benefit balance. To achieve these aims, the

United States and European Union apply a system that calls for a combination of suf-

ficient premarket testing data and postmarket vigilance. Yet the details of the two ap-

proaches are vastly different. ,Features of both environments require reform, as well

as continuing research to assess policy changes.“ [30, 36]. In this context the FDA

released two draft guidance documents in 2014 related to the expedited access for

class Ill medical devices that are mandatory for PMA application [86]:
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* Draft Guidance for Industry and FDA Staff (2014): Expedited Access for Pre-
market Approval Medical Devices Intended for Unmet Medical Need for Life
Threatening or Irreversibly Debilitating Diseases or Conditions [36].

* Draft Guidance for Industry and FDA Staff (2014): Balancing Premarket and

Postmarket Data Collection for Devices Subject to Premarket Approval [37].

These two guidance documents provide for more flexibility in the FDA’s premarket
review process and complement the above outline recent regulatory tools, expedite

review and a risk/ benefit methodology.

10 Discussion

10.1 Designation

Medical value in health care should not only be provided to patients with common
diseases, but also to those afflicted by rare diseases. Usually, life science companies
do not consider the smaller market segments attractive, fearing high costs vs. low
investment yields. Among the overall development costs, the translational and clinical
phases are the most expensive milestones during the entire development generating
safety and effectiveness data. The most relevant proportion of the data correlates
with the rigor applied during premarket evaluation of the regulatory context. The
HUD/ HDE concept exempts promising novel devices from the requirement to
demonstrate premarket effectiveness and accepts a favorable ratio of risk verses
probable benefit instead. A medical device is eligible for the HDE procedure if it was
designated as a HUD by the FDA’S Office of Orphan Product Development (OOPD).

This rule was created in order to relieve the manufacturer from some of the pre-
market development cost burden. Through this regulatory mechanism, among others,
the FDA seeks to accelerate the development of orphan devices, setting a very
strong incentive. Taking into account the vast technical progress and assuming that
in corresponding unmet medical needs will be targeted by novel technologies and
use of new materials, the pre-market review process should provide for means to
make promising devices available to patients in a timely manner. Therefore, the
HUD/ HDE concept seems to be a paradigm shift in the patients’ best interest in two

regards:
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Promising devices are allowed to streamline clinical elements and offer patients and

their physician’s timely access.

FDA was authorized to proactively foster medical innovation policies in distinguishing

between healthcare value and financial value inherent to medical devices.

The terms of HUD designations probably lack the criteria of a life threatening condi-
tion. The EXCORPed system is a case that illustrates the patient’s need for early ac-
cess to treatment that is life sustaining and improves the quality of life during the
waiting time for a second treatment option, the heart transplantation. The regulatory
mechanism of designating products into a specific category in order to offer a more
flexible premarket assessment route, and therefore may be proposed for implementa-
tion in future EU legislation. The regulatory concept of the EU does not offer a cen-
tralized structure, which is a prerequisite for harmonized device designations. The
delegation of a centralized designation authority is crucial, as well as the nature of
mission and tasks accompanied. Since the designation is based on an assessment
with regard to fulfillment of a set of predefined criteria, this would be coherent with a
proposal of EUCOMED in 2008 [71]. In 2008, EURORDIS suggested creation of the
legal category of a “humanitarian medical device” (HMD) [3]. This proposal may im-
pact EU policy on rare diseases in the future and in the advent of the medical device

regulations, as reasoned in section 11.2.

Contrasting to the HUD/ HDE concept, an additional criteria should be established in
the EU, due to the lessons learned from the U.S. that the unmet medical need should

not only be rare but also life threatening of chronically debilitating.

10.1.1 Effectiveness vs. Performance

The non-standard premarket assessment procedure eligible for HUDs exempts the
manufacturers from demonstrating reasonable assurance of efficacy and relies pri-
marily on safety and pre-clinical data, on which the rationale for probable benefit is
based when weighed. For the approval of a HDE, it is required to demonstrate that
“the device is reasonably safe and the probable benefits to health outweigh the risk
exposed from its use, taking into account the probable risks and benefits of currently
available devices or alternative forms of treatment.” Consequently, HUDs are exempt

from the proof of reasonable assurance effectiveness for market approval [70].
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This exemption is for technical reasons directly transferable into the EU legislation,
since in the clinical evaluation during conformity assessment the manufacturer has to
demonstrate that he conforms to the essential requirements and, based on this proof,
his device is reasonably safe and performs as intended. The terms “effectiveness” in
U.S. legislation and “performance” in EU legislation are distinct in meaning and im-

pact with regard to their basis to evaluation of clinical outcomes.

Due to the lack of transparency with regard to medical device clinical data, the data
requirements of the approximately 70 Notified Bodies in the EU cannot be evaluated
to identify a harmonized approval threshold. Despite from the lack of obligation for
the NBs to provide public summaries revealing the rationale and grounds for their
basis for granting CE mark, a manufacturer’s clinical evaluation remains non-

transparent to patients and health-care-providers [57].

10.1.2 Evaluation of Exemption Provision

Generating evidence for the effectiveness of any medical product beyond its clinical
development stage is vital for estimating its medical value in terms of clinical out-
comes. Postmarket studies of products intended for rare disease populations are
crucial for current, complete device information, since for technical reasons, the
products’ initial approval often will be based on preliminary data only. Nevertheless, a
general exemption from the premarket proof of effectiveness for an “orphan device”
should be accompanied by a rigorous life cycle approach. This may not be satisfacto-
ry in case of only moderate technical constraints and when generating efficacy data
would be feasible, but financially burdensome. If sufficient patient numbers are not
available, allowing for enough data to prove reasonable effectiveness, the exemption
rule may be applied in order to save costs for the manufacturer during the develop-
ment stage. Taking into account that, by nature, only significant risk devices will be
candidates for the HUD/ HDE procedures, it seems unsatisfactory for ethical and re-
imbursement reasons to accept a lower level of evidence for healthcare value with
rare disease patients. Moreover, considering that the exempted device will be ap-
proved for an unlimited amount of time, there is no incentive for the manufacture to
capture effectiveness data postmarket. To label the devices as “HUD”, and to allow
clinical use only after approval through an institutional review board, does not com-
pensate for the risk of use of a novel device, often implanted, with uncertain degree

of benefit, only because the generation of robust data is too costly. Therefore, the
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use of such an exemption provision should be eligible only to “orphan devices” that

are intended:

1. for diagnosis or treatment of life threatening and debilitating diseases and
2. for use accompanied by mandatory postmarket data collection (clinical and non-

clinical).

Due to the absence of alternative treatment options, and taking into account the se-
verity of the condition, preliminary data should be acceptable, if appropriate. Only
such circumstances should warrant that patients are exposed to varying levels of pro-
tection, which otherwise would be an issue of concern from a public health perspec-

tive.

10.2 Orphan Device Policies

With regard to drugs, the US Federal Orphan Drug Act (ODA) of 1983 implemented a
pioneering regulatory system. The EU followed in 2004 with the Orphan Drug Regu-
lation. In the U.S., medical devices were not explicitly excluded from the ODA provi-
sions, yet a specific definition and designation for “orphan devices” has not been im-
plemented. By comparison, the EU excluded medical devices from the scope of the
regulation that therefore is applicable to drugs only. Although both regulated product
groups, drugs and medical devices, share the medical intent, the provisions diverge
fundamentally. With regard to evolving novel technologies and medical science pro-
gress, novel product features have to be adequately regulated in order to protect the

public health.

With regard to “orphan devices designations”, a priority review may be considered for

an orphan device clinical trial application.

The basic medical research context should focus more on improved preclinical meth-
odologies, like simulation of specific disease models, generate valuable pre-clinical
data as substitutes for lacking clinical data, as it is already under discussion with the
FDA’s OOPD [13].

The EU medical device regulatory philosophy, which emphasizes manufacturer’s re-
sponsibilities, naturally leads to the industries disinterest in the development of un-
profitable products. A regulatory authority, in analogy to the FDA’s OOPD, should be

implemented in the EU to stimulate orphan device development. Hence, the pro-
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posed concept of an “orphan product designation” recognizes the fact that research
and development of new products will not be profitable in terms of cost benefit from
industries perspective. The extent and nature of clinical data required for clinical
evaluation (Annex X of MDD and AIMD) in the conformity assessment procedure has
already dramatically changed with the implementation of the amending Directive of
2007/43/EC in 2010. The newly proposed Medical Device Regulation follows this
general course. It puts forth the generation of clinical data for novel high risk devices
in clinical trials and the scrutiny of their evaluation. From a scientific and economic
perspective, clinical testing for innovative devices is the greatest challenge towards
approval and impede final development steps. Besides, the nature and extent of the
novelties and complexities of medical devices will increase, (e.g. nanomaterials,

software, combination products) adding to market access timelines.

The use of harmonized standards serves as a concretization of the Essential Re-
quirements with regard to the aspects relevant for the technology inherent to a medi-
cal device and to the intended use as specified by the manufacturer. The use of har-
monized standards is a crucial element of the premarket approval concept in the EU
since the manufacturer can utilize them as tools for product design and testing during
the pre-clinical development, whereas during the clinical development phase it is the-
oretically possible to define data requirements for clinical evaluation. The availability
of updated, detailed and scientifically sound harmonized standards that establish the
nature, extent and scope of required clinical data for Conformity Assessment and CE-
mark. Clinical data may be regarded as the strongest impediment to market access,
from a manufacturer’s point of view since the clinical phase usually is very time con-
suming and with enormous financial implications. With respect to orphan devices, the
feasibility of deriving clinical effectiveness data may be very limited, in some cases
impossible. Hence it often may be necessary to offer more regulatory flexibility for
orphan devices in the EU premarket assessment scheme. If available at all, deviation
from applicable harmonized standards should be accepted for orphan devices. For
this purpose an “orphan device designation” would be the first step to a conformity

assessment procedure that is tailored to the specific features of these products.

With the increasing financial risks and costs for life science companies developing
medical products, small markets are not attractive due to low return of investment

expectations. Of the overall development costs, the translational and in particular the
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clinical phase, generating the safety and effectiveness data, are the most expensive
steps and most relevant proportion of it and correlate with the rigor applied during

premarket evaluation.

Nevertheless, the generation of evidence of effectiveness for any medical product
beyond the clinical development phase is vital for the estimation of medical value in
terms of clinical outcomes. The phase of postmarket evidence building may be ex-
traordinarily critical for products intended for rare disease populations, since approval
can often only be limited to preliminary data for technical reason. | conclude that
therefore a general exemption from premarket proof of effectiveness for HUDs should
be in any case accompanied by a rigorous life-cycle approach but may not be satis-
factory in case of only moderate technical constraints to the evidence building. In
case there would be sufficient patients available for data collection in order to
demonstrate of reasonable effectiveness, a general exemption is an issue of cost and
not of technical constraints. Taking into account that by nature only significant risk
devices will be candidates for the HUD/HDE procedures, in seems unsatisfactory for
ethical and reimbursement reasons to accept a lower level of healthcare value for the
rare disease patients with regard to an orphan device that are legally marketed for an
unlimited amount of time. To label the devices as “HUD” one the one hand and to
allow clinical use only after approval through an IRB, does not compensate for the
risk of use of a significant risk device, often implant, with unknown benefit only be-
cause the generation of robust data is too costly. The use therefore should be limited
to life-threatening and debilitating diseases alone and be accompanied by mandatory

data collection (clinical and non-clinical) of some kind.

The HUD/HDE concept bears elements which seem to be transferrable to the EU
regulatory system. The decisive element could be the implementation of a humanitar-
ian use designation. The designation is the result of an assessment with regard to
fulfillment of a set of predefined criteria. This was already suggested by EUCOMED
[88].

With regard to drugs, a pioneering regulatory system has been implemented in the
US three decades ago through the Orphan Drug Act (ODA) of 1983. The EU followed
in 2004 with the Orphan Drug Regulation. Whereas in the US medical devices were
not explicitly excluded from the ODA provisions, no specific definition and designation

for ,orphan devices” was implemented. On the contrary, in the EU medical devices
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were excluded from the scope of the regulation that explicitly only applies to medici-
nal product. Although both regulated product groups share the medical intent, the
provisions diverged fundamentally with regard to evolving novel technologies and
medical science progress leading to novel, more specific product requirements that

are to be addressed for public health reason.

The EXCOR medical device is a potentially life-saving, pediatric medical device that
has the potential to offer a next-to normal life to a toddler. The benefit of an “orphan
device designation”, modeled after the HUD, could be a door-opener in the EU for
regulatory and scientific advice, financial incentives like fee waivers, for example. In
some EU member state medical device clinical trials need prior approval from a com-
petent authority in addition to IRB approval (Germany, United Kingdom, France, Aus-
tria). With regard to “orphan devices designations” some regulatory flexibility could

possibly be implemented recognizing low financial revenue expectations.

The concept of orphan product designation recognizes the fact that research and de-
velopment of new products will not be profitable in terms of cost benefit from indus-
try’s perspective. Already some issues for an ,orphan devices designation” can be
identified for the EU’s future regulatory system. The extent and nature of clinical data
forming the basis of the clinical evaluation (Annex of MDD) in the conformity assess-
ment procedure, has already dramatically changed with the implementation of the
amending Directive of 2007/43/EC in 2010. This trend will be vastly followed in the
proposed Medical Device Regulation, which probably has to be followed in the near
future. It will then be crucial to generate clinical data for novel high risk devices in
clinical trials. Therefore, the clinical development will constitute an increasing hurdle
from scientific and economic perspective and an impediment to even more “or-

phanized” devices.

10.3 Combination products

The identification of the primary mode of action, among multiples inherent to the
product, may have an impact on the eligibility for designation as an orphan drug. Re-
garding the trend to combine differently regulated components, a concept for desig-
nation medical devices as orphan devices in the EU would be the first step to re-
spond to this trend and to avoid further “orphanization” of combination medical devic-

es intended to treat rare diseases.
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10.4 Regulatory Measures to foster Innovation

The development of orphan devices is more probable within a regulatory system al-
lowing for flexibility to some extent, especially with regard to the scope, nature and
extent of clinical data required for premarket evaluation. Only adequate scientific and
regulatory support may enable small firms, with a lack of experience, to navigate the
rather complex regulatory systems. The case of the Wingspan Stent System demon-

strates the significance of the labeling and the intended use in narrow populations.

10.5 Pediatric Orphan Devices

The U.S. HDU/ HDE concept demonstrates, that ,orphan devices” are an issue, even
more essential for pediatric patients, who make up 80% of the entire rare disease
population. Regarding pediatric orphan devices, standards and guidance are missing
in Europe which would outline a methodology for the development, e.g. through EU
guidance. Pediatric aspects have to be taken into account like growth, response of an
immature immune system, the small size of physiological structures, etc. The FDA,
NIH and associated institutions in the U.S. are currently working on concepts and
methodologies (preclinical simulation, Bayesian statistics, etc.) in order to stimulate
the development for pediatric medical devices. Due to the absence of alternative
treatment options and taking into account the severity of the condition, preliminary
data should be acceptable, if appropriate. Exclusively under such special circum-
stances it may be acceptable that patients are exposed to varying levels of protec-

tion, which otherwise would be an issue of concern from a public health perspective.

11 Conclusions and Outlook

11.1 Transparency and Involvement of Patients

Both medical device legislations share common elements like risk classification, pre-
market assessment and postmarket vigilance and the regulatory elements risk man-
agement, application of a quality systems, design dossier and labeling. Nevertheless,
the administrative structures are contrasting regarding the centralization of authorities
at the U.S.’s FDA versus the decentralized and supranational system in the EU. With
regard to HUDs and orphan devices, the U.S.'s context may have accelerated the
political process behind the regulatory concept intended for fostering therapeutic in-
novation for small populations. The FDA is closely tracked by the public and trans-

parency policies have a high priority. The patient’s interests therefore counterbalance
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the interests of the medical industry. This interdependency results in regulatory pro-
cesses taking into account all stakeholders’ perspective, in particular the patient’s.
With regard to EU patient advocacy, the FDA'’s long-term experience with humanitar-
ian use devices is paramount due to the awareness raising effect. The discussion in
the U.S. is currently focusing on pediatric humanitarian use devices and is based on
the assumption of various medical needs. In a next step of the process of fostering
medical device innovation, those needs will be identified and systematically assessed

by the U.S.’s agencies.

11.2 Proposal of Designation for Orphan Medical Devices in the EU

The U.S. concept seems to be well suited as a model for the HDE designation proce-
dure for the EU. The implementation of an “orphan device designation” procedure
into revised EU legislation is therefore proposed. As argued in section 11, the benefi-
cial impact of the proposed procedure on regulatory flexibility options may not be un-
derestimated. Concurrently to the implementation of medical device regulations in the
EU, the extend of harmonization of third-party reviews may improve and, through the
enactment of possible implementation measures of the European Commission, fur-

ther determine details of the conformity assessment procedures.

11.3 International Collaboration

According to Steven Groft, the Director of the Office of Orphan disease research
states in a FDA workshop in 2014 [13], that he is of the opinion, that “the key to all of
this is really developing the partnerships and the collaborations with the patient or-
ganizations, the academic researchers, the biopharmaceutical medical devices in-
dustry.” He states that "It is key to everything we have been doing with orphan drugs
and rare diseases since the 1980s and | think it still holds true today that success is
gained when you do establish these partnerships and these collaborations.” [13]. Any
effort concerning diseases and conditions that are rare and pediatric are probably
more effective in international collaboration, which is therefore proposed regarding
the further development of guidelines and standards for device development in spe-

cial populations.
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