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Medical devices and medicinal products have many similarities in their nature, scope or specific medical pur-
poses, and despite the differences in their principal means of action, they are often used in combination. Indeed,
many medicinal products depend on medical devices for their administration, and it is increasingly common for

Icntegrali d medical devices to contain medicinal substances to support their action. Therefore, the combination of medicinal
o-package . R R . X . s .
CE Ir)narkiig products and medical devices provides additional benefits for patients. However, their higher technical

complexity requires a strengthening of their authorisation and certification requirements.

In this regard, more comprehensive requirements and classification rules are introduced by a new European
regulation on medical devices that fully applies from May 26™ 2021. On account of their therapeutic signifi-
cance, this review aims at gaining insight into the borderline between medical devices and medicinal products in
this new 2021 regulatory framework. For the first time, any item containing a medical device and a medicinal
product will have both parts evaluated. Through exemplification of both marketed and investigational devices
incorporating medicinal substances and drug-device combinations, the new European requirements and their
implications are thoroughly illustrated herein.

Regulation (EU) No 2017/745
Combination product

1. Introduction et al.,, 2019; Sadeghi et al., 2021). Increasing collaboration between

pharmaceutical companies and medtechs to provide better products that

The last European Medicines Agency (EMA) Annual Report, pub-
lished in 2019, showed that approximately one in four centrally-
approved medicines included a medical device component (EMA,
2019). This is concurrent with the evolution of materials science which,
combined with medicinal products, has fuelled the development of more
sophisticated therapies (Alvarez-Lorenzo and Concheiro, 2019; Cohn

incorporate both medical devices and medicinal products in the same
item has led to an increase in complex hybrid products that can range
from drug-administering (e.g. pre-filled pens and injectors) to drug-
eluting (e.g. drug-eluting stents (DES)) medical devices (Cyphert and
Von Recum, 2017; Quarterman et al., 2021). However, the use of these
hybrid products has come with its own regulatory difficulties, especially

Abbreviations: ALBC, Antibiotic-Loaded Bone Cement; AFSSAPS, Agence Francaise de Sécurité Sanitaire et des Produits de Santé; AIMDD, Active Implantable
Medical Devices Directive (Council Directive 90/385/EEC); CE, Conformité Européenne (European Conformity); CEAR, Clinical Evaluation Assessment Report;
CHMP, Committee for Medicinal Products for Human Use; CMDh, Coordination Group for Mutual Recognition and Decentralised Procedures - Human; COVID-19,
Coronavirus Disease 2019; CPAR, Consultation procedure Public Assessment Report; DES, Drug-Eluting Stent; DDC, Drug-Device Combination; EC, European
Community; EEC, European Economic Community; EMA, European Medicines Agency; EU, European Union; Eudamed, European Database on Medical Devices;
GSPR, General Safety and Performance Requirements; HbAlc, Glycated Hemoglobin; IUD, Intrauterine Device; LNG-IUD, Levonorgestrel-Releasing Intrauterine
Device; MDCG, Medical Device Coordination Group; MDD, Medical Devices Directive (Council Directive 93/42/EEC); MDR, Medical Devices Regulation (Regulation
(EU) No 2017/745); MPD, Medicinal Products Directive (Council Directive 2001/83/EC); PJI, Prosthetic Joint Infection; PMCF, Post-Marketing Clinical Follow-up;
PSUR, Periodic Safety Update Report; SCENIHR, Scientific Committee on Emerging and Newly Identified Health Risks; SSCP, Summary of Safety and Clinical
Performance; TJA, Total Joint Arthroplasty; UDI system, Unique Device Identification system; WET, Well-Established Technology; WHO, World Health Organization;
WPBC, Working Party on Borderline and Classification.

* Corresponding author at: Dpt. Pharmaceutics and Food Technology, Faculty of Pharmacy, Complutense University of Madrid, Ramén y Cajal Square, 28040
Madrid, Spain.
E-mail address: juan.aparicio.blanco@ucm.es (J. Aparicio-Blanco).

https://doi.org/10.1016/j.ijpharm.2021.120992

Received 30 May 2021; Received in revised form 20 July 2021; Accepted 8 August 2021
Available online 12 August 2021
0378-5173/© 2021 The Author(s).

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license


mailto:juan.aparicio.blanco@ucm.es
www.sciencedirect.com/science/journal/03785173
https://www.elsevier.com/locate/ijpharm
https://doi.org/10.1016/j.ijpharm.2021.120992
https://doi.org/10.1016/j.ijpharm.2021.120992
https://doi.org/10.1016/j.ijpharm.2021.120992
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpharm.2021.120992&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

P. Antich-Isern et al.

in the form of uncertainty with regards to whether they should be
marketed as medicinal products or as medical devices (see Graphical
abstract). Accordingly, the legal boundaries and requirements for these
items needed to be revisited.

Following the thalidomide disaster of the late 1950s, the first Euro-
pean Council Directive aimed at harmonising the different Member
States’ legal frameworks with regards to medicinal products was
approved in 1965 (Council Directive 65/65/EEC) (Feldschreiber and
Breckenridge, 2015; Vargesson, 2015). A number of regulations have
been passed ever since, until the establishment of the current EU legal
framework, composed of Council Directive 2001/83/EC (EC, 2001)
(MPD), relating to medicinal products for human use, and Regulation
(EC) No 726/2004 (EC, 2004b), laying down procedures for the
authorisation of medicinal products and establishing the European
Medicines Agency.

By comparison, the first directives related to the marketing of med-
ical devices were approved by the European Economic Community
(EEC) in the early 1990s. Active implantable medical devices and reg-
ular medical devices were covered, respectively, under Council Direc-
tive 90/385/EEC (EEC, 1990) and Council Directive 93/42/EEC (EEC,
1993) (named Active Implantable Medical Devices Directive (AIMDD)
and Medical Devices Directive (MDD), in that order), whereas in vitro
diagnostic medical devices were covered under Directive 98/97/EC (EC,
1998). The aim of these directives was the approximation of Member
States legislation to have a similar legal framework with regards to
technical requirements, ensuring patient safety and minimizing risks
associated with the use of medical devices. These directives set goals
that all Member States had to achieve, and they required transposition
into each national legal framework.

However, in 2010, medical devices had their own “thalidomide
disaster”. Member States were informed by French authorities, via the
Medical Devices Vigilance System, of an increase in reported rupture
incidents and local complications related to the use of silicone-filled
breast implants of a certain manufacturer (Bachour et al., 2018). The
incident was caused by the fact that most breast implants were filled
with a silicone gel different from the one described in the CE (Con-
formité Européene/European Conformity) marking and batch
manufacturing files (AFSSAPS, 2010a; SCENIHR, 2012). The recall,
withdrawal from the market and cease of distribution, export, as well as
use, of silicone-filled breast implants manufactured by that company
was enforced (AFSSAPS, 2010b). This fraud acted as an accelerant to
highlight the need for a significant strengthening of the legal framework
existing at the time for medical devices to ensure high standards of
quality and safety, along with reinforced post-market surveillance, as
well as a smooth functioning of the internal market.

Since these objectives cannot be sufficiently achieved by the Member
States on their own but can rather, by reason of their scale and effects, be
better achieved at Union level, the European Union (EU) adopted the
new Regulation (EU) No 2017/745 of the European Parliament and of
the Council on medical devices (EU, 2017a) (MDR), which was sched-
uled to be fully implemented by May 26™ 2020. However, the COVID-19
outbreak and the associated public health crisis has led to an unprece-
dented demand for additional resources, such as medical gloves, surgical
masks, equipment for intensive care and other crucial medical devices
(Emanuel et al., 2020; Kirkpatrick et al., 2020; Laventhal et al., 2020;
Worby and Chang, 2020). Therefore, to prevent shortages during the
ongoing COVID-19 pandemic, due to the limited capacity of national
competent authorities and/or notified bodies for ensuring the proper
implementation of the MDR, a one-year extension of the transitional
period was approved, thus postponing its full application to May 26
2021 (EU, 2020). Unlike the previous council directives, the new
regulation is legally binding, meaning it must be applied in its entirety
across all Member States, without having to be transposed to each na-
tional legal system. Additionally, this regulation unites under the same
legislative act, for the first time, all medical devices other than in vitro
diagnostic medical devices. Instead, in vitro diagnostic medical devices

International Journal of Pharmaceutics 607 (2021) 120992

will remain to be covered by a specific regulation (i.e., Regulation (EU)
No 2017/746) (EU, 2017b).

On account of their therapeutic relevance, the present work focuses
on analysing the definitions and legal requirements of the distinct types
of combinations of medical devices and medicinal products in the remit
of the new European regulatory framework. First, the differences in
nature, specific medical purposes and means for achieving their prin-
cipal intended action of both medical devices and medicinal products
are highlighted through an analysis of their definitions to assist in the
classification of borderline cases. Then, the definitions and legal re-
quirements of hybrid presentations where medical devices and medici-
nal products are used jointly, are reviewed through a thorough
exemplification of both medical devices with an ancillary medicinal
substance and medicinal products containing a medical device part (i.e.,
drug-device combinations). (Table 1)

2. The borderline between medical devices and medicinal
products

2.1. Comparison of the definitions of medical devices and medicinal
products

The major difference between medical devices and medicinal prod-
ucts stems from a comparison between their definitions.

On the one hand, according to its first article, for the purposes of the
MPD, “a medicinal product is any substance or combination of sub-
stances which may be used in or administered to human beings with a
view to treating or preventing disease, to making a medical diagnosis or
to restoring, correcting or modifying physiological functions by exerting
a pharmacological, immunological or metabolic action” (EC, 2001).

On the other hand, according to its second article, for the purposes of
the new MDR, “a medical device is any instrument, apparatus, appli-
ance, software, implant, reagent, material or other article intended by
the manufacturer to be used, alone or in combination, for human beings
for one or more of the following specific medical purposes:

- diagnosis, prevention, monitoring, prediction, prognosis, treatment,
alleviation of, compensation for, investigation, replacement or
modification of a disease, an injury or disability, the anatomy or of a
physiological or pathological process or state,

- providing information by means of in vitro examination of specimens
derived from the human body, including organ, blood and tissue
donations,

— control or support of conception,

— cleaning, disinfection or sterilisation of medical devices and their
accessories, and products without an intended medical purpose but

Table 1
Examples of medical devices with an ancillary medicinal substance and of drug-
device combinations.

Item Examples

Medical devices with an ancillary — Drug-eluting stents
medicinal substance Antibiotic-loaded bone cements
Haemostatic matrixes with human
thrombin
— Medicated condoms
— Drug-impregnated dressings
Integral - Levonogestrel-releasing intrauterine
devices
— Non-refillable inhalers
Pre-filled syringes
Transdermal patches
Non- Intrathecal pumps
Integral — Reusable inhalers
— Insulin pumps
— Oral administration devices (cups,
spoons, syringes...)

Drug-device
combinations
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based in a technology similar to that of analogous devices with an
intended medical purpose (as listed in its annex XVI),

and which does not achieve its principal intended action by phar-
macological, immunological or metabolic means, in or on the human
body, but which may be assisted in its function by such means” (EU,
2017a).

Furthermore, medical devices are divided into four classes based on
the vulnerability of the human body and taking into account their
intended purpose as well as their inherent risks based on duration of use
(transient, short term or long term), invasiveness (non-invasive, invasive
with respect to body orifices, surgically invasive or implantable), energy
source (active or non-active) and the part of the body where the device is
intended to be used. From low to high risk, any device falls under one of
four classes: class I, class IIa, class IIb or class III. The MDR has not
modified the principle of the medical device categories; however, some
classification rules have been revised and four new rules have been
added to the eighteen already existing under the previous directive
(Martelli et al., 2019). This phenomenon may be responsible for the
movement of certain devices from one class under MDD to a higher-risk
class under the new MDR regime, with the corresponding regulatory
consequences.

According to their definitions, neither the nature nor the medical
purposes of an item are relevant in the medical device — medicinal
product delineation, as both definitions use terms as “material” or
“substance”, which overlap with each other, and so do their disease-
related purposes. Therefore, the means for achieving their principal
intended action is the major difference between medical devices and
medicinal products, since the specific medical purposes of a medical
device cannot be achieved by “pharmacological, immunological or
metabolic means”. Accordingly, the applicable legislation with regards
to any specific item will be based on its action mechanism and on how it
achieves its specific medical purpose. However, it is possible that the
principal intended action of a medical device is assisted in its function by
pharmacological, immunological or metabolic means, on an ancillary
basis.

2.2. Classification of borderline products

EMA defines “borderline products” as “complex healthcare products
for which there is uncertainty over which regulatory framework applies”
(EMA, 2021).

National competent authorities classify borderline products either as
medicinal products or medical devices on a case-by-case basis. Appli-
cants who are unclear on the classification of their product may consult a
national competent authority by providing information on its compo-
sition, mode of action and intended purpose. Furthermore, the MDR
stipulates that the European Commission may consult EMA on items that
borderline with medicinal products. Moreover, to ensure consistent
qualification decisions across all Member States, the European Com-
mission is allowed to consult the Medical Device Coordination Group
(MDCG), whose creation is established by Article 103 of the new MDR. A
not legally binding manual that allows for consultation of how various
borderline examples have been handled has been developed and is
updated on a regular basis by a working party on borderline and clas-
sification (WPBC), chaired by the European Commission and composed
of representative experts from all Member States and other stakeholders
(EC, 2015; WPBC, 2019). Furthermore, a new guideline specific to the
medical device — medicinal product borderline is under development
and is planned to be endorsed in 2021 (MDCG, 2021).

The classification of borderline products as either medicines or as
medical devices determines the applicable regulatory framework, which
is especially relevant during its certification for making it available on
the market and/or putting it into service. Furthermore, even when
classified as medical devices, their conformity may be evaluated through
different routes depending on their risk class: for low-risk medical
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devices (namely, class I devices placed on the market in non-sterile
conditions, without measuring functions or non-reusable surgical in-
struments) this procedure is carried out under the sole responsibility of
manufacturers, whereas an appropriate level of involvement by a noti-
fied body is required for all other classes, to ensure a high level of health
and safety protection.

When in doubt, and after taking into account all its characteristics,
for any product that may fall within the definition of a “medicinal
product” and the definition of a product covered by other EU legislation
(including that of medical devices), the provisions of the medicinal
products directive shall apply (MPD Article 2(2), as amended by
Directive 2004/27/EC) (EC, 2004a).

3. Medical devices with an ancillary medicinal substance
3.1. Definition of medical device with an ancillary medicinal substance

As stated by the MDR, medical devices can be assisted in their
principal intended actions by medicinal substances on an ancillary basis.
Indeed, any medical device which incorporates, as an integral part, a
substance which, if used separately, would be considered a medicinal
product (including blood products), and that has an action ancillary to
that of the device, shall be assessed and certified in accordance with the
MDR. Therefore, in medical devices with an ancillary medicinal sub-
stance the principal intended action is achieved by the device part.

3.2. Examples of medical devices with an ancillary medicinal substance

Among the most well-known devices in this category are drug-eluting
stents, which have completely replaced the use of bare-metal stents in
the treatment of coronary artery diseases, given their lower risk of
failure due to in-stent restenosis (AbuRahma et al., 2019). In fact, it was
observed that coating the stent with some medicinal substances, such as
sirolimus, everolimus or paclitaxel, could significantly reduce the
appearance of complications (Limeres et al., 2019; Palmerini et al.,
2015), and this became the driving force behind the development of DES
(Borhani et al., 2018; Kommineni et al., 2018; Piccolo et al., 2019;
Tomberli et al., 2018). Nonetheless, in all cases the pharmacological
action of the medicinal substance is always ancillary to the principal
intended action of the device, which is achieved by physical or me-
chanical means. These medicalized stents are constantly improving, as
in-stent restenosis has not completely disappeared with their use (Singh
et al., 2020a).

Moreover, many implantable medical devices are susceptible to
bacterial adherence and biofilm formation (Arciola et al., 2018).
Therefore, patients tended to require systemic antibiotic treatments for
extended periods of time, putting them at a higher risk of developing
antibiotic-resistant infections (Riau et al., 2019). This could ultimately
result in the need to remove the medical device in order to eradicate the
infection, resulting in a deterioration of the patient’s condition (Schwarz
et al., 2019; Singh et al., 2020b). As a result, many manufacturers have
begun introducing antibiotic drugs in their devices so that, while the
medical device is still responsible for the principal intended action, the
ancillary medicinal substance can be delivered at its site of action,
increasing both efficiency and safety (Bhusal et al., 2016). An example of
this are antibiotic-loaded bone cements (ALBC), widely used in ortho-
paedic surgery as bone void fillers, since a common complication during
total joint arthroplasty (TJA) is the occurrence of prosthetic joint
infection (PJI) caused by opportunistic microorganisms introduced by
site seeding during surgery (Kapadia et al., 2016; Koh et al., 2017; Price
et al., 2018; Shah et al., 2020; Wall et al., 2021). For this reason, ALBC
provides localized antibiotic prophylaxis allowing for higher dosage and
minimal adverse reactions as there is no need for the use of systemic
antibiotic drugs, resulting in a lower risk of infection following TJA and
a higher safety profile (Li et al., 2019; Sebastian et al., 2020). Even
though the benefits outweigh the risks, efforts are being taken to prevent
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the appearance of antibiotic resistance among microorganisms causing
PJI (Schmitt et al., 2020).

Another medical device with an ancillary medicinal substance
intended to be used during surgery are haemostatic matrixes with
thrombin (CHMP, 2012). For these devices, both components (the gela-
tine matrix and the enzyme) serve the same purpose: to control the
bleeding when that is not possible through ligation or conventional
procedures. However, the gelatine matrix, which is usually composed of
cross-linked bovine gelatine granules, is the agent achieving the prin-
cipal intended action; while the action of the medicinal substance,
thrombin, is only ancillary in supplementing the haemostatic function of
the device. While in the past these devices tended to use bovine
thrombin, current haemostatic matrixes replace this enzyme with its
human analogue in order to reduce the risk of developing antibodies and
increase the safety with regards to bovine pathogen transmission
(Minkowitz et al., 2019; Olson and Ornstein, 2017; Sanabrias Fernandez
de Sevilla and Sanchez Guerrero, 2019).

Apart from these devices intended to be used during surgery, other
medical devices including ancillary medicinal substances are targeted at
the end-user. This is the case of medicated condoms, whose principal
intended action of preventing pregnancy, as well as the transmission of
sexually transmitted infections, is achieved by the physical barrier
provided by the device, while the action of the medicinal substance
(palliating the effects of premature ejaculation) is ancillary to that of the
device (Beksinska et al., 2020; Derefinko et al., 2020). Even though their
efficacy in comparison with regular condoms has not been tested in
controlled trials, the theoretical benefits of incorporating an anaesthetic
drug, such as benzocaine, have been enough to promote the use of these
devices (Butcher et al., 2020). Moreover, when compared with other
therapeutic alternatives for premature ejaculation (be it oral or topical
anaesthetics), medicated condoms have a higher safety profile (Porst
and Burri, 2019). However, potential side effects can range from
decreased strength of erection, sensitivity and/or pleasure, to contact
dermatitis, even when the dosage is limited (Caminati et al., 2019;
Ljubojevic Hadzavdic et al., 2018).

Other common medical devices with an ancillary medicinal sub-
stance are drug-impregnated dressings, which have replaced traditional
gauzes, bandages and dressings in almost every situation. The main
problem with these traditional medical devices was that, when treating
common wounds, burns, pressure ulcers, or catheter-related complica-
tions, among others, they had to be frequently changed (even on a daily
or more frequent basis) due to the wound swelling, which posed a great
burden to both the patient and the caregiver (Gupta et al., 2017; Liu
et al., 2017). Furthermore, the appearance of infections or the chron-
ification of the wound were also commonplace, leading to the devel-
opment of chronic non-healing wounds (Derakhshandeh et al., 2018).
However, the incorporation of medicinal substances such as chlorhexi-
dine to dressings has significantly improved the healing process (Graca
et al., 2020; Wei et al., 2019).

Moreover, the incorporation of medicinal substances in medical de-
vices is gaining momentum thanks to 3D printing (Sun et al., 2019). As a
matter of fact, with the advent of this technology, common medical
devices also used by laypersons can become safer with the introduction
of medicinal substances into their composition. This is the case of de-
vices currently under research such as 3D-printed antibiotic-loaded hear-
ing aids (Vivero-Lopez et al., 2021). Even though more than 65% of
people over 60 years of age have some degree of hearing loss and nearly
25% of people in this group suffer from disabling hearing loss (WHO,
2021), the use of hearing aids can introduce debris to the ear canal as
well as alter its microbiota, resulting in the appearance of infection
(Jung et al., 2017; Orji et al., 2014). This has led to the use of topical, or
even systemic, antibiotics, contributing to the adverse reactions or po-
tential errors associated with polypharmacy in an already poly-
medicated population (Pérez-Jover et al., 2018; Turgeon et al., 2017).
Therefore, the incorporation of substances that could prevent the for-
mation of biofilms, thus preventing the appearance of infection in the
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ear canal, could mitigate many problems associated with the use of
hearing aids.

3.3. Summary of legal requirements for medical devices with an ancillary
medicinal substance

The incorporation of medicinal substances in medical devices is an
ever-growing trend. When taking the regulatory perspective, any device
that incorporates a substance which, if used separately, would be
considered a medicinal product, and that has an action ancillary to that
of the device, shall be assessed and certified in accordance with the
MDR, as established by the first sub-paragraph of its Article 1(8).
Furthermore, as opposed to its old analogous MDD Rule 13 (MDD Annex
IX), with the introduction in the MDR of Rule 14 (MDR Annex VIII),
these devices are now considered class III medical devices, regardless of
whether the medicinal substance acts directly on the body or not
(MDCG, 2020). Therefore, even if their invasiveness or duration of use
would not qualify them as such, the incorporation of a medicinal sub-
stance to a device puts it at the highest risk class possible, and thus, a
more comprehensive conformity assessment procedure will be required
for making it available in the market and/or putting it into service.

From a clinical perspective, a major novelty introduced by the MDR
is that for medical devices with an ancillary medicinal substance (as for
all other class III devices) clinical investigations are needed to prove
clinical benefit. To prevent unnecessary duplication of clinical in-
vestigations, an electronic system covering clinical trials performed in
the EU is to be created. Therefore, manufacturers have to justify the level
of clinical evidence necessary to demonstrate conformity with MDR
requirements, which has to be appropriate to the characteristics and
intended purpose of the device (Melvin and Torre, 2019).

Moreover, a post-market surveillance system, in accordance with
their highest risk class, should be planned as an integral part of the
manufacturer’s quality management system in order to be able to report
serious incidents and field safety corrective actions, should they be
needed (Miclaus et al., 2020). On the one hand, a post-marketing clinical
follow-up (PMCF) should be implemented to actively monitor devices
and improve clinical information regarding them. On the other hand, a
Periodic Safety Update Report (PSUR) summarising the results of the
analyses of the data gathered on the post-market surveillance plan shall
be prepared by manufacturers, who will have to update it at least
annually. To aid in this, a new international Unique Device Identifica-
tion system (UDI system) to identify any medical device placed in the
European Union internal market has been implemented, and a European
database on medical devices (Eudamed) has improved its functionality
in order to increase both traceability and transparency (Fraser et al.,
2018; Migliore, 2017; Tracol, 2016). Furthermore, for medical devices
with an ancillary medicinal substance, a summary aimed at the intended
user will also be available at Eudamed. Under the name of Summary of
Safety and Clinical Performance (SSCP), it will list the main safety and
performance aspects, as well as the outcome of the clinical evaluation.

Furthermore, when it comes to the information supplied by the
manufacturer, a requirement introduced by the MDR is that devices
containing or incorporating a medicinal substance, including a human
blood or plasma derivative, must indicate so on the label. In this regard,
the regulation allows this information to be provided by a harmonized
symbol, which is especially convenient when a manufacturer markets its
device in multiple Member States with different official languages.
However, as an harmonised ISO standard with regards to symbols for
medical devices is not available, MedTech Europe, the European trade
association representing the medical technology industries, has pub-
lished a guide of validated symbols in order to be able to comply with
this requirement (MedTech Europe, 2019). (Fig. 1)

In addition, for medical devices containing human blood or plasma
derivatives the manufacturer shall inform the notified body of the
release of the batch of devices and send an official certificate concerning
the release of the batch of human blood or plasma derivative used in the
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b

Fig. 1. MedTech Europe’s symbols to indicate compliance with the MDR: a) Contains a medicinal substance; b) Contains human blood or plasma derivatives.

device, issued by a Member State laboratory in accordance with Article
114 (2) of the MPD (MDR Annex IX Section 6). This process is known as
“batch verification”.

Therefore, to certify compliance with the new requirements in the
MDR, manufacturers of medical devices with an ancillary medicinal
substance must follow a series of steps (Fig. 2):

First of all, manufacturers have to draw up the technical documen-
tation of the device (MDR Annexes II and III), which includes: i) the
General Safety and Performance Requirements (GSPR) (MDR Annex I),
in order to ensure that the device achieves its intended purposes in a safe
and effective manner and that any risks which may be associated with its
use are acceptable when weighted against the benefits (Vasiljeva et al.,
2020); ii) a system for risk management covering the entire lifecycle of
the device, including risk-management plans, post-market surveillance
systems and risk-control measures, among others, aimed at reducing the
risks without adversely affecting the benefit-risk ratio; and iii) the
appropriate clinical evaluations, including post-marketing clinical
follow-ups (PMCF).

Subsequently, after compiling all clinical and technical data, the
compliance of the device with the requirements laid down in the MDR is
proven by undertaking a conformity assessment procedure (MDR Article
52). Therefore, as with any class III medical device, manufacturers of
medical devices with an ancillary medicinal substance have to apply for
a conformity assessment procedure based on a quality management
system and an assessment of the technical documentation for every
device (MDR Annex IX). Alternatively, manufacturers may apply for a
conformity assessment procedure based on type examination (MDR
Annex X) and the subsequent product conformity verification, either by
ensuring quality during production or by a verification of the product
(MDR Annex XI). (Table 2)

In addition, the MDR introduces a new system for assessing the
clinical evaluation carried out for class III implantable medical devices,

including those with ancillary medicinal substances: the clinical evalu-
ation consultation procedure, also known as “the scrutiny procedure”.
For this, the notified body must prepare a Clinical Evaluation Assess-
ment Report (CEAR), which puts forward its conclusions concerning: i)
the clinical evidence summarized by the manufacturer on a clinical
evaluation report and a draft SSCP; ii) the consistency of that evidence
with the intended purpose; and iii) the PMCF plan submitted by the
manufacturer (Fraser et al., 2020). Following this, an expert panel in-
dependent from the manufacturer, the notified body and the national
health authorities will scrutinize this CEAR submitted by the notified
body and give its opinion.

The notified body should consider the views expressed by the expert
panel, and even though the final decision on the approval of a certain
device is theirs to make, if the expert panel’s opinion is unfavourable, it
will be publicly available on Eudamed, along with the notified body’s
justification. Therefore, even though expert panels do not have any
sanctioning power, Member States’ health authorities do, and weighing
up all this information could lead to the withdrawal from the market of
any devices under dispute.

Once compliance with the requirements has been demonstrated
following the applicable conformity assessment procedure, manufac-
turers assume their responsibility in complying with all EU legislation
applicable to a device by drawing up an EU declaration of conformity,
which should be continuously updated.

Finally, a CE marking of conformity is affixed to the device before its
placing on the market, thus certifying that it is in conformity with MDR
requirements. As class III devices, medical devices with an ancillary
medicinal substance require the intervention of a notified body for their
conformity assessment, and therefore, their CE marking shall be fol-
lowed by the identification number of the notified body responsible for
the conformity assessment procedure.

Technical Conformity EU Declaration
Documentation Assessment of Conformity
Annexes II and IIT Article 52 Article 19 and Annex IV

y - N

Unique Device Identification -
Good Safety and

Performance Requirements
Benefit-Risk Analysis -
Pre-clinical and Clinical Data -
Post-Market Surveillance

Quality Management System
and Assessment of Technical
Documentation (Annex IX)
Type-examination (Annex X)
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Fig. 2. European certification procedure for medical devices under the new MDR.
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in the columns related to the conformity assessment procedure. The notified body opinion column refers to the conformity of the device part of integral DDCs with the relevant GSPRs issued by a notified body in the remit
Medical devices with an ancillary medicinal substance

of the Article 117 of the MDR. It is an abbreviated route in comparison with the EU Certificate of Conformity issued by a notified body after a complete conformity assessment procedure that ultimately allows the CE mark

to be affixed on the device.

Certification routes for medical devices with an ancillary medicinal substance under the new MDR. When more than a certification route for a given subclass of medical device exists, they are separated by intervening lines
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3.3.1. Highlights on medical devices with an ancillary medicinal substance
under the new European legal framework

Since the principal intended actions of medical devices with an
ancillary medicinal substance are achieved by the device part, whereas
the medicinal substance only supports these actions, they shall be
certified under the new MDR. However, for medical devices with an
ancillary medicinal substance, notified bodies shall seek a scientific
opinion from a medicinal products authority regarding the quality,
safety and usefulness of the substance, including the benefit or risk of its
incorporation into the device. This requirement applies to all devices
that incorporate a medicinal substance regardless of whether said sub-
stance exerts its action on the human body or not. Therefore, for all those
devices where the “liability to act upon the body” was used by the
manufacturer as a justification not to follow the consultation to me-
dicinal products authorities under the MDD, the consultation must al-
ways take place under the MDR (MDCG, 2020). The competent
medicinal products authority issuing the scientific opinion may vary
depending on the type of medicinal substance: if it is a biological me-
dicinal product derived from human blood or plasma or any other me-
dicinal product that may fall under the scope of the centralized
procedure, the scientific opinion can only be given by EMA, and it shall
be compiled in a Consultation procedure Public Assessment Report
(CPAR), whereas for all other medicinal products, any competent au-
thority designated by a Member State, as well as EMA, may provide the
scientific opinion.

Therefore, although these items are considered medical devices, if
the consulted medicinal products authority emits an unfavourable sci-
entific opinion, the notified body will not be able to issue an EU tech-
nical documentation assessment certificate, even when they meet all the
requirements laid down by the MDR.

4. Drug-device combinations
4.1. Definition of drug-device combination

A 2019 draft guideline on quality requirements for “drug-device
combinations” (DDCs) that was scheduled to be finalised before the
entry into force of the MDR on 26 May 2021 defines them as “me-
dicinal products which contain one or more medical device(s) as an
integral part of the composition, as well as medicinal products for which
one or more medical device(s) and/or device component(s) are neces-
sary for use of the medicinal product” (CHMP, 2019).

Therefore, drug-device combinations can be divided into two cate-
gories: integral DDCs and non-integral DDCs. However, as opposed to
medical devices with an ancillary medicinal substance, which are
considered class III medical devices in virtue of MDR Rule 14, all other
classification rules may apply to the device part of DDCs, and thus, DDCs
may not necessarily be composed of exclusively class IIl medical devices.

4.2. Integral drug-device combinations

4.2.1. Definition of integral drug-device combination

Integral drug-device combinations are medicinal products that
incorporate one or more medical devices in their composition. They are
physically united during manufacture, and therefore have to be supplied
and used jointly. As established by the second sub-paragraphs of both
Article 1(8) and Article 1(9) of the MDR, integral DDCs form a single
product intended exclusively for use in the given combination and not
reusable, and for which either the medicinal substance it incorporates
has an action that is principal and not ancillary to that of the device, or
the device is intended to administer the medicinal product. Therefore,
they are considered medicinal products and, as such, will be covered by
the MPD.
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4.2.2. Examples and summary of legal requirements for integral DDCs with
a class III medical device part

An example of integral drug-device combinations are levonorgestrel-
releasing intrauterine devices (LNG-IUD). In addition to contraception,
this technology is starting to be used for the treatment of some diseases
and ailments such as heavy menstrual bleeding, for which it has
demonstrated to be more effective than oral therapies in reducing blood
loss and improving quality of life (Bofill Rodriguez et al., 2020),
reduction of pain in dysmenorrhea, adenomyosis and endometriosis
(Song et al., 2020), as well as protection against atypical hyperplasia or
low-risk endometrial cancer (Adeyemi-Fowode and Bercaw-Pratt, 2019;
Pal et al., 2018). LNG-IUD are integral drug-device combinations, given
that their principal intended action is achieved by the medicinal sub-
stance, and the device part solely acts as its support or mode of
administration. As a result, LNG-IUD are marketed as medicinal prod-
ucts (covered by the MPD).

Since IUDs are long term invasive devices whose principal intended
action is contraception, the device part of these DDCs will be a class III
medical device (MDR Annex VIII Rule 15). Therefore, manufacturers
have to apply for the same conformity assessment procedure for the
device part as the ones explained above for devices with an ancillary
medicinal substance, except those related to the substance itself, since
they are all class III medical devices. (Table 3)

4.2.3. Examples and summary of legislative requirements for integral DDCs
with a class Ila or a class IIb medical device part

One of the most well-known examples of integral DDCs are non-
refillable inhalers, which have revolutionized asthma and chronic
obstructive pulmonary disease treatment. These drug-device combina-
tions have allowed local delivery of the medicinal product. There are
various types of devices available depending on the patient’s cognitive
status, dexterity, ability to coordinate inhaler actuation and inhalation,
and disease severity (Chandel et al., 2019; Rogliani et al., 2017). Taking
into account the particularities of these DDCs, the new MDR has revised
their risk class by adding a new classification rule which states that “all
inhalers invasive with respect to body orifices are class Ila devices, un-
less their mode of action has an essential impact on the efficacy and
safety of the administered medicinal product or they are intended to
treat life-threatening conditions, in which case they are classified
instead as class IIb” (MDR Annex VIII Rule 20).

Manufacturers of DDCs where the device part is a class Ila or IIb
device have to compile the technical documentation (MDR Annexes II
and III), including a PMCF and a PSUR, updated at least every two years
for class Ila devices and at least annually for class IIb devices. Then, they
apply for a conformity assessment procedure based on a quality man-
agement system and an assessment of the technical documentation for at
least one representative device for each category of devices for class Ila
devices, and for at least one representative device per generic device
group for class IIb devices (MDR Annex IX), in order to certify compli-
ance with the requirements laid down by the MDR.

Alternatively, if the device part is a class Ila device, manufacturers
may apply for a conformity assessment procedure based on ensuring that
devices are manufactured in conformity with their technical documen-
tation for at least one representative device for each category of devices,
together with a product conformity verification, either by ensuring
quality during production or by a verification of the product (MDR
Annex XI). On the other hand, if the device part is a class IIb device,
manufacturers may apply for a conformity assessment procedure based
on a type-examination coupled with a product conformity verification,
either by ensuring quality during production or by a verification of the
product (MDR Annexes X and XI).

Furthermore, if the device part is a class IIb implantable device not
considered a well-established technology (WET) as specified in Article
52 of the MDR (i.e., sutures, staples, dental fillings and braces, tooth
crowns, screws, wedges, plates, wires, pins, clips and connectors),
manufacturers following the first procedure will have to apply for an
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assessment of the technical documentation for every device. However, if
they are indeed WET, an assessment of the technical documentation per
generic device group will be enough.

4.2.4. Examples and summary of legislative requirements for integral DDCs
with a class I medical device part that is sterile, has a measuring function
and/or is a reusable surgical instrument

Another example of integral DDCs are pre-filled syringes. In this case,
the medical device part acts only as a drug-administering device, and
therefore, the principal intended action is achieved by the medicinal
product that it administers. These products promote a more active role
of patients in their own medication regime, thus minimizing the burden
on the healthcare system; and they allow for more individualized and
precise dosing, increasing both the efficacy and safety profiles (I'Ons,
2020). Nowadays, medications available in pre-filled syringes can range
from vaccines (e.g., recombinant hepatitis B, quadrivalent human
papillomavirus or conjugate 13-valent pneumococcal), to treatments for
cancer (e.g., adalimumab or etanercept), rheumatoid arthritis (e.g.,
tocilizumab), or deep vein thrombosis (e.g., enoxaparin) (Ludwin et al.,
2021; Sacha et al., 2015).

Since the device part of pre-filled syringes that do not carry the
needle pre-assembled is a non-invasive device intended for channelling
liquids for the purpose of eventual infusion, they are considered class I
medical devices (MDR Annex VIII Rule 2). Furthermore, as they are
supplied in sterile conditions and have a measuring function, they are
part of the sub-group of class I medical devices that require the
involvement of a notified body during their conformity assessment.
However, for these pre-filled syringes, the involvement of a notified
body shall be limited to any aspects relating to the conformity of the
device with the metrological requirements and to any aspects relating to
the establishment, securing and maintenance of sterile conditions (MDR
Article 52(7)). Therefore, manufacturers will have to compile technical
documentation (MDR Annexes II and III) similar to that of other devices
but whose PMCF will not require annual updates. Another difference is
that instead of preparing a PSUR, manufacturers of these device parts
will have to compile a post-market surveillance report (that will only
need updating when necessary, instead of periodic updating as with
PSUR). Then they will apply for a conformity assessment procedure
based on either a quality management system (MDR Annex IX), or a
product conformity verification by ensuring quality during production
(MDR Annex XI), in order to certify compliance with the requirements
laid down by the MDR.

4.2.5. Examples and summary of legislative requirements for integral DDCs
with a class I medical device part that is non-sterile, does not have a
measuring function and/or is not a reusable surgical instrument

Another example of integral DDCs whose medical device part is a
class I device are transdermal patches, a pharmaceutical dosage form that
circumvents most of the caveats observed for oral medicinal products
like drug hydrolysis by digestive fluids or first-pass hepatic metabolism
(Lee et al., 2018). Transdermal patches can provide a sustained drug
delivery profile, which makes them convenient, especially for long-term
treatments. For instance, the range of ailments treated with these inte-
gral DDCs has increased over the years: from smoking cessation (Lindson
et al., 2019), to contraception (Galzote et al., 2017), pain relief (Nala-
machu and Gudin, 2020), motion sickness (Pastore et al., 2015) or
cardiac disorders (Al Hanbali et al., 2019). Transdermal patches are
integral drug-device combinations, given that the principal intended
action is achieved by the medicinal substance, and the device only acts
as its support or mode of administration. Therefore, as the device part is
non-invasive and no other rules apply, transdermal patches are class I
medical devices (MDR Annex VIII Rule 1) (CHMP, 2014). However,
since these class I medical devices are placed on the market in non-
sterile conditions, without measuring functions and are not reusable
surgical instruments, they do not require the intervention of a notified
body, and only the technical documentation (MDR Annexes II and III)
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has to be drawn up in order to certify compliance with the GSPR laid
down by the MDR.

4.2.6. Examples of investigational integral DDCs

Moreover, in addition to marketed DDCs, a number of investigational
integral DDCs are currently under development, including 3D printed
DDCs where the device part action is ancillary to that of the medicinal
product. As a matter of fact, progress is being made for almost any mode
of administration, such as oral (Jeong et al., 2020), subcutaneous
(Stewart et al., 2020), topical (Goyanes et al., 2016), vaginal (Tiboni
et al., 2021) or intrauterine (Sivasankaran and Jonnalagadda, 2021), to
boost the development of more precise drug delivery profiles (Elbadawi
et al., 2020).

4.2.7. Highlights on integral drug-device combinations under the new
European legal framework

Despite integral drug-device combinations being regulated as me-
dicinal products under the MPD or under the Regulation (EC) 726,/2004,
their marketing authorisation dossiers have to include the results of the
conformity assessment for the device part with regards to the relevant
GSPR contained in the manufacturer’s EU declaration of conformity, or
the relevant certificate issued by a notified body that would allow it to
affix a CE marking, as amended in the MPD by the new Article 117 of the
MDR. Manufacturers of integral DDCs can affix a CE marking of con-
formity to the device part, but this should not be included on the
product’s package, as it could lead to the misinterpretation that it is
certifying the product as a whole. In fact, the integral DDC must follow
the labelling requirements for medicinal products. As integral DDCs are
primarily governed by the MPD, then MDR obligations related to unique
device identifier (UDI) are not required and neither should they be
applied to the labelling of the integral DDC. For integral DDCs with a CE
mark on their device part, the UDI may be assigned to the device itself
but should not appear on the labelling or outer package of the integral
DDC (CMDh, 2019).

Alternatively, whatever the risk class may be (except for class I
medical devices placed on the market in non-sterile conditions, without
measuring functions or not being reusable surgical instruments, since
those do not require the intervention of notified bodies), when the
aforementioned documentation is not available, an opinion from a
notified body on the conformity with the MDR’s relevant GSPR is
enough to be granted certification (CMDh, 2019). Nonetheless, for the
first time, a notified body’s intervention in the marketing authorisation
becomes crucial with the introduction of Article 117 in the MDR.

As a result, even though a CE marking of conformity will not be
necessary for these items as the device part is indissolubly united to the
medicinal product, when compared with the MDD, the MDR is more
efficient at ensuring the safety of these items, as manufacturers of in-
tegral DDCs will need to have the device part evaluated by a notified
body before it can be made available in the market and/or put into
service. This will entail an increase in the safety and performance of
these items, as drug-device combinations will meet the requirements
laid down by both MPD and MDR. (Table 4)

For integral DDCs, the EMA and national competent authorities
strongly recommend submitting the EU certificate, declaration of con-
formity or notified body opinion already as part of the dossier of the
initial marketing authorisation application for the medicinal product, to
facilitate a smooth running of the procedure. The absence of this
documentation may result in additional clock stops during the proced-
ure as it is necessary for the adoption of a favorable opinion by the
Committee for Medicinal Products for Human Use (CHMP).

4.3. Non-integral drug-device combinations
4.3.1. Definition of non-integral drug-device combination

Non-integral drug-device combinations are those for which two or
more separate components (medicinal product and medical device) are
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Integral drug-device combination’s authorisation similarities and differences
between MDD and MDR’s regimes.

Regime Under MDD Under MDR

Consideration ~ Medicinal Product Medicinal Product

Rule Directive 2001/83/EC or Directive 2001/83/EC or
Regulation 726,/2004 Regulation 726,/2004

Requirements  Relevant essential safety and Relevant general safety and

performance requirements of
Annex I of Council Directive

performance requirements of
Annex I of Regulation (EU) n°.

93/42/EEC (MDD)
No intervention required

2017/745 (MDR)

Article 117:

— Conformity assessment
results with regards to GSPR
for EU declaration of
conformity or

— Conformity assessment
results with regards to GSPR
for CE marking certificate or

— Notified Body opinion on the
conformity with the relevant
GSPR

Notified Body

not physically united during manufacture but need to be combined for
administration. The medical device part can be supplied either co-
packaged with the medicinal product or in a separate packaging. In
the latter case, the medicinal product package leaflet will include a
reference to the medical device, because it is inextricably needed for its
administration.

Moreover, any device which is intended to administer a medicinal
product shall be governed by the MDR, as established by the first sub-
paragraph of its Article 1(9). In this case, the medicinal product and
its medical device part are placed on the market separately, and as such,
even though they are used jointly, they will each have to meet their
respective regulatory requirements.

4.3.2. Examples and summary of legislative requirements for non-integral
DDCs with a class III medical device part

As life-prolonging treatments improve, cancer survivorship in-
creases, shifting the focus of pain management therapy from short-term
analgesia to chronic pain relief (Bruel and Burton, 2016; Siegel et al.,
2020). In this context, intrathecal pumps provide an effective technique
for the treatment of cancer-related pain.

The main advantage of these drug-device combinations, consisting of
a refillable reservoir (typically of morphine or ziconotide) attached to a
small catheter threaded upward into the spinal fluid space, is that they
deliver the medicinal products directly into the central nervous system,
allowing for the administration of lower doses in their site of action,
which translates into fewer systemic adverse effects and better control of
the analgesia (Deer et al., 2019; Fallon et al., 2018). Subsequently, the
pump is programmed to regularly release a specific dose and, depending
on the pump size, concentration and dose, it will have to be refilled
every couple of months using a syringe and a needle. However, even
though the benefits outweigh the risks, their incorporation into clinical
practice has been limited, in part due to the added complexity of im-
plantation surgery when compared with oral or intravenous adminis-
tration (Dupoiron, 2019). When classifying the implantable device part
of intrathecal pumps, they qualify as class III medical devices for three
different reasons: i) they are intended to be used in direct contact with
the central nervous system; ii) they are intended to administer medicinal
products; iii) they are active implantable devices (MDR Annex VIII Rule
8). Therefore, manufacturers of these non-integral DDCs must follow the
same steps previously described for all other class III medical devices.
(Table 5)

4.3.3. Examples and summary of legislative requirements for non-integral
DDCs with class Ila or class IIb medical device parts
Contrary to non-refillable inhalers, which are integral DDCs as the
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Certification routes for the device part of non-integral drug-device combinations under the new MDR. When more than a certification route for a given subclass of medical device exists, they are separated by intervening
lines in the columns related to the conformity assessment procedure. The notified body opinion column refers to the conformity of the device part of integral DDCs with the relevant GSPRs issued by a notified body in the
remit of the Article 117 of the MDR. It is an abbreviated route in comparison with the EU Certificate of Conformity issued by a notified body after a complete conformity assessment procedure that ultimately allows the CE
mark to be affixed on the device.

Non-Integral Drug-Device Combinations

Class Type General Safety Conformity Assessment Summary of Post- Periodic Safety Notified Medicinal UE CE Marking
and Performance K R R . Safety and Market Update Report Body Products Declaration of of
. Quality Technical Type- Product Conformity Scrutiny e . e X R .
Requirements . L. N . Clinical Clinical Opinion  Authority Conformity Conformity
Management  Documentation Examination Verification Procedure N
Syst Performance Follow-up Scientific
m .
yste Production  Product Opinion
Quality Verification
Assurance
III  Non-implantable \/ \/ \/ \/ \/ \/ \/ \/
For every device Updated Updated Updated
annually annually annually

v v

Implantable \/ \/ \/ \/ \/ \/ \/ \/ \/

For every device Updated Updated Updated
\/ \/ annually annually  annually

1Ib  Non-implantable Vv Vv Vv V4 +/ Updated V4 V4

Per generic annually
device group

v v

Implantable non Vv v v/ v/ v v v/ v/
weﬁ-esltab.hshed For every device Updated Updated ~ Updated
technologies \/ \/ annually annually annually

Implantable well- \/ \/ \/ \/ \/ \/ \/ \/
eStz}‘lbhihefj Per generic Updated Updated  Updated
technologies device group annually annually  annually

A;ti\./e.intended to \/ \/ \/ \/ \/ \/ \/ \/
al m}n'lster Per generic Updated
medicinal device group annually

substances

(continued on next page)

ID 32 WIS]-YODUY

266021 (120Z) L09 $UNaIDULIDYJ JO [DUINOL [DUOIDULIN]



cI

Table 5 (continued)

D 30 wiasFyoIuY g

Non-Integral Drug-Device Combinations

Class Type General Safety ~ Conformity Assessment Summary of Post- Periodic Safety Notified Medicinal UE CE Marking
and Performance , K . , Safety and Market Update Report  Body Products Declaration of of
. Quality Technical Type- Product Conformity Scrutiny .. . . . R .
Requirements . L e Clinical Clinical Opinion  Authority Conformity Conformity
Management  Documentation Examination Verification Procedure L
Syst Performance Follow-up Scientific
stem .
Y Production  Product Opinion
Quality Verification
Assurance

v

Ila Non-implantable \/ \/ \/ \/ \/ \/ \/

Per device Updated
category \/ biannually

Implantable \/ \/ \/ \/ \/ \/ \/ \/

Per device Updated Updated Updated
category \/ annually annually  biannually

I Non- Sterile, \/ \/ \/ \/ \/

measuring or

X No Notified Body Post-Market
reusable surgical . . .
. intervention Surveillance
instruments Report

Sterile, measuring \/ \/ \/ \/ \/ \/ \/
or reusable _— Post-Market

?urglcal \/ Surveillance
instruments Report

266021 (120Z) L09 $UNaIDULIDYJ JO [DUINOL [DUOIDULIN]



P. Antich-Isern et al.

medicinal product and the medical device are physically united, reusable
inhalers are non-integral DDCs, as the inhaler and the cartridges can be
obtained separately. Even though they can be sold in different secondary
packages, the cartridge product information will contain a reference to
the inhaler, because it will be inextricably needed for its administration.
Nevertheless, no matter if co-packaged or not, the same new classifica-
tion rules introduced with the MDR will apply for all inhalers which are
invasive with respect to body orifices (MDR Annex VIII Rule 20).
Therefore, according to their risk class, reusable inhalers will have to
follow the same conformity assessment procedures that have been pre-
viously explained for non-refillable inhalers.

Moreover, the MDR includes a set of especial requirements for class
IIb active devices intended to administer and/or remove a medicinal
product (MDR Annex VIII Rule 12). An example of a non-integral drug-
device combination with this type of device part are insulin pumps.
Continuous subcutaneous insulin infusion offers a more physiologic in-
sulin replacement profile than multiple daily insulin injections. How-
ever, insulin pump efficacy in young adults with type 1 diabetes remains
uncertain (Pickup, 2019), and results vary widely when compared to
multiple daily insulin injections: from a lower risk of severe hypo-
glycaemia and ketoacidosis and better glycaemic control (Karges et al.,
2017), to amodest reduction in HbAlc (Benkhadra et al., 2017), or even
an increased risk of ketoacidosis (probably due to malfunction of the
pump and/or catheter occlusion) (Pala et al., 2019). Despite this con-
troversy surrounding efficacy, psychosocial benefits, such as motivation,
adherence to treatment, increased quality of life or decreased caregiver
burden, especially in newly diagnosed patients and in children, may
have contributed to the increase in insulin pump adoption (Mueller-
Godeffroy et al., 2018). This has driven the constant innovation of
manufacturers with ever more sophisticated pumps (Sharma et al.,
2021; Sora et al., 2019; Zimmerman et al., 2019), and even the devel-
opment of systems that combine a pump and a monitor for automated
insulin delivery (Beck et al., 2019). As the medical device part of insulin
pumps is a class IIb active device intended to administer and/or remove
a medicinal product, in addition to the conformity assessment procedure
for any class IIb medical device, manufacturers will have to carry out the
scrutiny procedure explained above for class III implantable devices, by
which a notified body has to elaborate a CEAR that will be assessed by an
independent expert panel. Moreover, it is worth noting that software, in
its own right, when specifically intended by the manufacturer to be used
for a medical purpose, like the one used in last generation automated
insulin pumps, also qualifies as a medical device under the MDR, and
therefore shall be subject to risk classification and the appropriate
conformity assessment procedures before it can be made available in the
market and/or put into service (Beckers et al., 2021; Minssen et al.,
2020; Muehlematter et al., 2021).

4.3.4. Examples and summary of legislative requirements for non-integral
DDCs with a class I medical device part that is sterile, has a measuring
function and/or is a reusable surgical instrument

Finally, oral administration devices, such as cups, spoons, or syringes,
that are generally supplied along with liquid medicinal products, are
non-integral DDC for which the medical device is a class I device with a
measuring function. For these devices, the involvement of a notified
body shall be limited to the aspects relating to the conformity of the
devices with the metrological requirements. Therefore, manufacturers
of these devices will have to follow the same procedures previously
discussed for integral DDCs with class I medical devices placed on the
market in sterile conditions, with measuring functions or that are
reusable surgical instruments.

4.3.5. Highlights on non-integral drug-device combinations under the new
European legal framework

As opposed to integral DDCs, for which a notified body’s opinion on
the compliance with the relevant GSPR may be sufficient if the confor-
mity assessment of the device part is not available, manufacturers of
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non-integral DDCs must pass the appropriate conformity assessment
procedure to draw up an EU declaration of conformity.

Moreover, unlike integral DDCs, medical devices constituting non-
integral DDCs must be affixed with a CE marking of conformity in
accordance with the MDR before making them available in the market
and/or putting them into service.

5. Concluding remarks

A succession of safety issues, most notably the thalidomide disaster
and the breast implant rupture incident, have motivated regulators,
stakeholders and patients alike to promote an ever more comprehensive
European legal framework for both medicinal products and medical
devices. In this context, a new European regulation on medical devices,
which fully applies from May 26M 2021, aims at ensuring the smooth
functioning of the internal market and setting high standards of quality
and safety for these items.

In the remit of this new European regulation (MDR) the main dif-
ference between medical devices and medicinal products is the means of
achieving their principal intended action. For manufacturers of
borderline products, obtaining marketing authorisation as a medical
device or as a medicinal product may pose a huge difference in the entry
to the market, and thus, in profit returns after the initial investment. The
MDR constitutes a major asset to clearly set the basis for the regulatory
framework under which a product incorporating both a medicinal
product and a medical device falls.

In this regard, for devices incorporating medicinal substances where
the action of the medicinal substance is ancillary, the product is pri-
marily regulated as a medical device and must be CE marked. However,
a favourable scientific opinion must be provided by a medicinal products
authority before a notified body can issue an EU certificate for the de-
vice. Unlike the MDD, the MDR states that the notified body may not
deliver the certificate if the opinion is unfavourable. Furthermore, for
the first time, the MDR also states that clinical investigations are
mandatory for these medical devices with an ancillary medicinal sub-
stance (as for all other class III devices) to prove clinical benefits. The
new regulatory requirements applicable to medical devices that incor-
porate an ancillary medicinal substance show that the legislative model
is moving towards convergence with the legislative approach required
for the authorisation of medicinal products, based on a high level of
health protection for patients and users. Alternatively, for devices
incorporating a medicinal substance where the action of the medicinal
substance is principal, the integral drug-device combination is primarily
regulated under the medicinal products framework, although, for the
first time, the relevant general safety and performance requirements of
the MDR regarding the quality, safety and efficacy of the medicinal
product apply to its device part.

Moreover, the regulatory framework for administration devices is
also clarified with the MDR. If the administration device is marketed as a
single integral product intended exclusively to be used in the given
combination and it is not reusable, the integral drug-device combination
is primarily regulated under the medicinal products framework,
although, for the first time, the relevant general safety and performance
requirements of the MDR have to be demonstrated for the device part. In
this case, CE marking is not necessary. However, if the device part has
CE marking, it may be included on the device itself but not on the
labelling for the drug-device combination, as it may be misinterpreted as
referring to the combination as a whole. Alternatively, for all other
administration devices not physically united to the medicinal product
(either co-packaged or not), the administration device is primarily
regulated under the MDR. Accordingly, for these non-integral drug-de-
vice combinations, the device part has to be CE marked.

Altogether, the core precept of the new European legal framework is
that medicinal products authorities evaluate the specific aspects related
to the quality, safety and efficacy of the medicinal product, and that
notified bodies assess the relevant general safety and performance
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requirements of the medical device. As a result, the full application of
this new framework from May 2021 onwards will have a great impact on
regulatory agencies.

In fact, with the introduction by the MDR of more comprehensive
requirements for notified bodies, the number of qualified notified bodies
and their scope will inexorably decrease. In particular, Article 117 of the
new MDR introduces a new requirement for the involvement of notified
bodies in the European market authorisation of integral drug-device
combinations. Analogously, the MDR has also introduced more
rigorous procedures for the evaluation of class III implantable devices
and class IIb active devices intended to administer and/or remove a
medicinal product by notified bodies through the implementation of the
scrutiny procedure. Moreover, the movement of certain devices to a
higher risk class under the MDR will demand more involvement of
notified bodies in their evaluation of conformity. Taken together, the
MDR will doubtless increase the notified bodies’ workload for the
evaluation of both medical devices with ancillary medicinal substances
and drug-device combinations (either integral or non-integral).

The MDR also lays down new responsibilities for EMA and the na-
tional competent authorities for medicinal products. As a result, before a
notified body can issue a CE certificate for a medical device with an
ancillary medicinal substance, it must seek the scientific opinion of a
medicinal products authority on the quality and safety of the ancillary
substance. Moreover, the MDR allows the European Commission to
consult EMA when deliberating on the regulatory status of borderline
products involving medicines. Finally, national competent authorities or
EMA must lead the marketing authorization process of drug-device
combinations (either integral or non-integral). As a result, medicinal
products authorities will also increase their workload noticeably upon
full application of the MDR.

Therefore, an increase in collaboration between notified bodies and
medicinal products authorities is to be expected. In particular, to ensure
a consistent procedure, the assessment report of notified bodies con-
taining the requested opinion for integral drug-device combinations and
the scientific opinion provided by the medicinal products authority on
medical devices with an ancillary substance should be designed in such a
way that each half can rely on the other for the final marketing
authorisation or certificate of conformity, respectively. However,
despite the positive increase in quality standards through the imple-
mentation of the MDR, this joint assessment will also translate into
prolonged times for certification and authorisation.

Overall, the new European perspective contributes to the under-
standing of the companionship between medical devices and medicinal
products, defining their boundaries and requirements and providing the
necessary regulatory framework to enable European healthcare to
benefit from the new arising collaboration between medtechs and
pharmaceutical companies.

CRediT authorship contribution statement

Pau Antich-Isern: Writing — original draft. Julia Caro-Barri:
Writing — review & editing. Juan Aparicio-Blanco: Conceptualization,
Supervision, Writing — review & editing.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

Open Access funding provided by Complutense University of Madrid.

14

International Journal of Pharmaceutics 607 (2021) 120992
References

AbuRahma, A.F., AbuRahma, Z.T., Scott, G., Adams, E., Mata, A., Beasley, M., Dean, L.S.,
Davis, E., 2019. The incidence of carotid in-stent stenosis is underestimated >50% or
>80% and its clinical implications. J. Vasc. Surg. 69 (6), 1807-1814. https://doi.
0rg/10.1016/j.jvs.2018.08.185.

Adeyemi-Fowode, O.A., Bercaw-Pratt, J.L., 2019. Intrauterine devices: effective
contraception with noncontraceptive benefits for adolescents. J. Pediatr. Adolesc.
Gynecol. 32 (5), S2-S6. https://doi.org/10.1016/j.jpag.2019.07.001.

Agence Francaise de Sécurité Sanitaire des Produits de Santé, 2010. Silicone filled breast
implants from Poly Implant Prothese Company. Tests results, Agence Nationale de
Sécurité du Medicament et des produits santé, Publications, pp. 1-2. https://archi
veansm.integra.fr/var/ansm_site/storage/original/application/38fbe37bdd1897eb0
9de4f892a317c14.pdf.

Agence Francaise de Sécurité Sanitaire des Produits Santé, 2010b. Silicone filled breast
implants manufactured by Poly Implant Prosthese (PIP). Press Release of 4 January
2010, Agence Nationale de Sécurité du Medicament et des produits santé,
Publications, pp. 1. https://archiveansm.integra.fr/var/ansm site/storage/original/
application/ff8f7014c6ee1b6674c8fb7dd2835840.pdf.

Al Hanbali, O.A., Khan, H.M.S., Sarfraz, M., Arafat, M., Jjaz, S., Hameed, A., 2019.
Transdermal patches: design and current approaches to painless drug delivery. Acta
Pharm. 69, 197-215. https://doi.org/10.2478/acph-2019-0016.

Alvarez-Lorenzo, C., Concheiro, A., 2019. Smart drug release from medical devices.

J. Pharmacol. Exp. Ther. 370 (3), 544-554. https://doi.org/10.1124/
jpet.119.257220.

Arciola, C.R., Campoccia, D., Montanaro, L., 2018. Implant infections: adhesion, biofilm
formation and immune evasion. Nat. Rev. Microbiol. 16 (7), 397-409. https://doi.
org/10.1038/s41579-018-0019-y.

Bachour, Y., Heinze, Z.C.M., Dormaar, T.S., van Selms, W.G., Ritt, M.J.P.F., Niessen, F.B.,
2018. Poly Implant Prothese silicone breast implants: implant dynamics and capsular
contracture. Eur. J. Plast. Surg. 41 (5), 563-570. https://doi.org/10.1007/s002.38-
018-1427-y.

Beck, R.W., Bergenstal, R.M., Laffel, L.M., Pickup, J.C., 2019. Advances in technology for
management of type 1 diabetes. Lancet 394 (10205), 1265-1273. https://doi.org/
10.1016/S0140-6736(19)31142-0.

Beckers, R., Kwade, Z., Zanca, F., 2021. The EU medical device regulation: implications
for artificial intelligence-based medical device software in medical physics. Physica
Med. 83, 1-8. https://doi.org/10.1016/j.ejmp.2021.02.011.

Beksinska, M., Wong, R., Smit, J., 2020. Male and female condoms: their key role in
pregnancy and STI/HIV prevention. Best Pract. Res. Clin. Obstetr. Gynaecol. 66,
55-67. https://doi.org/10.1016/j.bpobgyn.2019.12.001.

Benkhadra, K., Alahdab, F., Tamhane, S.U., McCoy, R.G., Prokop, L.J., Murad, M.H.,
2017. Continuous subcutaneous insulin infusion versus multiple daily injections in
individuals with type 1 diabetes: a systematic review and meta-analysis. Endocrine
55 (1), 77-84. https://doi.org/10.1007/s12020-016-1039-x.

Bhusal, P., Harrison, J., Sharma, M., Jones, D.S., Hill, A.G., Svirskis, D., 2016. Controlled
release drug delivery systems to improve post-operative pharmacotherapy. Drug
Deliv. Transl. Res. 6 (5), 441-451. https://doi.org/10.1007/s13346-016-0305-z.

Bofill Rodriguez, M., Lethaby, A., Jordan, V., 2020. Progestogen-releasing intrauterine
systems for heavy menstrual bleeding. Cochr. Datab. System. Rev. 6 https://doi.org/
10.1002/14651858.CD002126.pub4.

Borhani, S., Hassanajili, S., Ahmadi Tafti, S.H., Rabbani, S., 2018. Cardiovascular stents:
overview, evolution, and next generation. Prog. Biomater. 7 (3), 175-205. https://
doi.org/10.1007/540204-018-0097-y.

Bruel, B.M., Burton, A.W., 2016. Intrathecal therapy for cancer-related pain. Pain Med.
17 (12), 2404-2421. https://doi.org/10.1093/pm/pnw060.

Butcher, M.J., Zubert, T., Christiansen, K., Carranza, A., Pawlicki, P., Seibel, S., 2020.
Topical agents for premature ejaculation: a review. Sex. Med. Rev. 8 (1), 92-99.
https://doi.org/10.1016/j.sxmr.2019.03.003.

Caminati, M., Giorgis, V., Palterer, B., Racca, F., Salvottini, C., Rossi, O., 2019. Allergy
and sexual behaviours: an update. Clin. Rev. Allergy Immunol. 56 (3), 269-277.
https://doi.org/10.1007/s12016-017-8618-3.

Chandel, A., Goyal, A.K., Ghosh, G., Rath, G., 2019. Recent advances in aerosolised drug
delivery. Biomed. Pharmacother. 112, 108601. https://doi.org/10.1016/j.
biopha.2019.108601.

Committee for Medicinal Products for Human Use, 2012. Consultation procedure Public
Assessment Report (CPAR) - Consultation on an ancillary medicinal substance
incorporated in a medical device (8 August 2012), EMEA/CHMP/91490/2009.
European Union, pp. 1-31. https://www.ema.europa.eu/en/documents/other/cons
ultation-ancillary-medicinal-substance-incorporated-medical-device-floseal-ha
emostatic-matrix/d_en.pdf.

Committee for Medicinal Products for Human Use, 2014. Guideline on quality of
transdermal patches (23 October 2014), EMA/CHMP/QWP/608924,/2014.
European Union, pp. 1-27. https://www.ema.europa.eu/en/documents/scientifi
c-guideline/guideline-quality-transdermal-patches_en.pdf.

Committee for Medicinal Products for Human Use, 2019. Draft Guideline on the quality
requirements for drug-device combinations (29 May 2019), EMA/CHMP/QWP/
BWP/259165/2019. European Union, pp. 1-26. https://www.ema.europa.eu/en/
documents/scientific-guideline/draft-guideline-quality-requirements-drug-device-co
mbinations_en.pdf.

Co-ordination Group for Mutual Recognition and Decentralised Procedures - Human,
2019. Questions & Answers on Implementation of the Medical Devices and In Vitro
Diagnostic Medical Devices Regulations ((EU) 2017/745 and (EU) 2017/746) Rev. 1
(21 October 2019), EMA/37991/2019. European Union, pp. 1-9. https://www.ema.
europa.eu/en/documents/regulatory-procedural-guideline/questions-answe


https://doi.org/10.1016/j.jvs.2018.08.185
https://doi.org/10.1016/j.jvs.2018.08.185
https://doi.org/10.1016/j.jpag.2019.07.001
https://archiveansm.integra.fr/var/ansm_site/storage/original/application/38fbe37bdd1897eb09de4f892a317c14.pdf
https://archiveansm.integra.fr/var/ansm_site/storage/original/application/38fbe37bdd1897eb09de4f892a317c14.pdf
https://archiveansm.integra.fr/var/ansm_site/storage/original/application/38fbe37bdd1897eb09de4f892a317c14.pdf
https://archiveansm.integra.fr/var/ansm_site/storage/original/application/ff8f7014c6ee1b6674c8fb7dd2835840.pdf
https://archiveansm.integra.fr/var/ansm_site/storage/original/application/ff8f7014c6ee1b6674c8fb7dd2835840.pdf
https://doi.org/10.2478/acph-2019-0016
https://doi.org/10.1124/jpet.119.257220
https://doi.org/10.1124/jpet.119.257220
https://doi.org/10.1038/s41579-018-0019-y
https://doi.org/10.1038/s41579-018-0019-y
https://doi.org/10.1007/s00238-018-1427-y
https://doi.org/10.1007/s00238-018-1427-y
https://doi.org/10.1016/S0140-6736(19)31142-0
https://doi.org/10.1016/S0140-6736(19)31142-0
https://doi.org/10.1016/j.ejmp.2021.02.011
https://doi.org/10.1016/j.bpobgyn.2019.12.001
https://doi.org/10.1007/s12020-016-1039-x
https://doi.org/10.1007/s13346-016-0305-z
https://doi.org/10.1002/14651858.CD002126.pub4
https://doi.org/10.1002/14651858.CD002126.pub4
https://doi.org/10.1007/s40204-018-0097-y
https://doi.org/10.1007/s40204-018-0097-y
https://doi.org/10.1093/pm/pnw060
https://doi.org/10.1016/j.sxmr.2019.03.003
https://doi.org/10.1007/s12016-017-8618-3
https://doi.org/10.1016/j.biopha.2019.108601
https://doi.org/10.1016/j.biopha.2019.108601
https://www.ema.europa.eu/en/documents/other/consultation-ancillary-medicinal-substance-incorporated-medical-device-floseal-haemostatic-matrix/d_en.pdf
https://www.ema.europa.eu/en/documents/other/consultation-ancillary-medicinal-substance-incorporated-medical-device-floseal-haemostatic-matrix/d_en.pdf
https://www.ema.europa.eu/en/documents/other/consultation-ancillary-medicinal-substance-incorporated-medical-device-floseal-haemostatic-matrix/d_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-quality-transdermal-patches_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-quality-transdermal-patches_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-quality-requirements-drug-device-combinations_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-quality-requirements-drug-device-combinations_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-quality-requirements-drug-device-combinations_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/questions-answers-implementation-medical-devices-vitro-diagnostic-medical-devices-regulations-eu/745-eu-2017/746_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/questions-answers-implementation-medical-devices-vitro-diagnostic-medical-devices-regulations-eu/745-eu-2017/746_en.pdf

P. Antich-Isern et al.

rs-implementation-medical-devices-vitro-diagnostic-medical-devices-regulations-e
u/745-eu-2017/746_en.pdf.

Cohn, D., Sloutski, A., Elyashiv, A., Varma, V.B., Ramanujan, R., 2019. In situ generated
medical devices. Adv. Healthcare Mater. 8 (8), 1801066. https://doi.org/10.1002/
adhm.v8.810.1002/adhm.201801066.

Cyphert, E.L., von Recum, H.A., 2017. Emerging technologies for long-term
antimicrobial device coatings: advantages and limitations. Exp. Biol. Med. 242 (8),
788-798. https://doi.org/10.1177/1535370216688572.

Deer, T.R., Pope, J.E., Hanes, M.C., McDowell, G.C., 2019. Intrathecal therapy for
chronic pain: a review of morphine and ziconotide as firstline options. Pain Med.cine
20, 784-798. https://doi.org/10.1093/pm/pny132.

Derakhshandeh, H., Kashaf, S.S., Aghabaglou, F., Ghanavati, 1.0., Tamayol, A., 2018.
Smart bandages: the future of wound care. Trends Biotechnol. 36 (12), 1259-1274.
https://doi.org/10.1016/j.tibtech.2018.07.007.

Derefinko, K.J., Ashby, S., Hayes, T., Kaplan, C., Bursac, Z., Garcia, F.I.S., Madjlesi, A.,
Tonkin, L., Bowden, M., Popescu, F., Waters, T., 2020. Sexually transmitted
infections and contraceptive use in adolescents. Am. J. Prev. Med. 58 (4), 536-546.
https://doi.org/10.1016/j.amepre.2019.11.012.

Dupoiron, D., 2019. Intrathecal therapy for pain in cancer patients. Curr. Opin. Supp.
Pall. Care 13, 75-80. https://doi.org/10.1097/SPC.0000000000000427.

European Community. Directive 98/79/EC of the European Parliament and of the
Council of 27 October 1998 on in vitro diagnostic medical devices (OJ L 331,
07.12.1998, pp. 1). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?ur
i=CELEX:31998L0079&from=EN.

Elbadawi, M., Muniz Castro, B., Gavins, F.K.H., Ong, J.J., Gaisford, S., Pérez, G., Basit, A.
W., Cabalar, P., Goyanes, A., 2020. M3DISEEN: a novel machine learning approach
for predicting the 3D printability of medicines. Int. J. Pharm. 590, 119837. https://
doi.org/10.1016/j.ijpharm.2020.119837.

Emanuel, E.J., Persad, G., Upshur, R., Thome, B., Parker, M., Glickman, A., Zhang, C.,
Boyle, C., Smith, M., Phillips, J.P., 2020. Fair allocation of scarce medical resources
in the time of COVID-19. N. Engl. J. Med. 382 (21), 2049-2055. https://doi.org/
10.1056/NEJMsb2005114.

European Economic Community. Council Directive 90/385/EEC of 20 June 1990 on the
approximation of the laws of the Member States Relating to active implantable
medical devices (OJ L 189, 20.7.1990, p. 17). https://eur-lex.europa.eu/legal-conte
nt/EN/TXT/PDF/?uri=CELEX:31990L0385&from=EN.

European Economic Community. Council Directive 93/42/EEC of 14 of June 1993
concerning medical devices (OJ L 169, 12.7.1993, pp. 1). https://eur-lex.europa.eu
/legal-content/EN/TXT/PDF/?uri=CELEX:31993L0042&from=EN.

European Commission: DG Enterprise and Industry (Directorate F, Unit F3 “Cosmetics
and medical devices™), 2015. Medical Devices Guidance Document - Borderline
products, drug-delivery products and medical devices incorporating, as an integral
part, an ancillary medicinal substance or an ancillary human blood derivative,
MEDDEV 2.1/3 rev 3 (Ref. Ares(2015)2062695). European Union, pp. 1-22.
http://www.meddev.info/_documents/2_1_3_rev_3-12 2009_en.pdf.

European Community. Directive 2001/83/EC of the European Parliament and of the
Council of 6 November 2001 on the Community code relating to medicinal products
for human use (OJ L 311, 28.11.2001, pp. 67). https://eur-lex.europa.eu/legal-conte
nt/EN/TXT/PDF/?uri=CELEX:32001L0083&from=en.

European Community. Directive 2004/27/EC of the European Parliament and of the
Council of 31 March 2004 amending Directive 2001/83/EC on the Community code
relating to medicinal products for human use (OJ L 136, 30.4.2004, pp. 34). https:
//eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004L0027 & fr
om=EN.

European Community. Regulation (EC) No 726,/2004 of the European Parliament and of
the Council of 31 March 2004 laying down Community procedures for the
authorisation and supervision of medicinal products for human and veterinary use
and establishing a European Medicines Agency (OJ L 136, 30.4.2004, pp. 1). https:
//eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R0726 &fr
om=EN.

European Medicines Agency, 2019. 2019 Annual Report, Annual Reports and Work
Programmes. European Union, pp. 1-116. https://www.ema.europa.eu/en/abo
ut-us/annual-reports-work-programmes.

European Medicines Agency, 2021. Medical Devices - Borderline Products. Human
Regulatory, European Union https://www.ema.europa.eu/en/human-regulatory/
overview/medical-devices#borderline-products-section.

European Union. Regulation (EU) No 2017/745 of the European Parliament and of the
Council of 5 April 2017 on medical devices, amending Directive 2001/83/EC,
Regulation (EC) No 178/2002 and Regulation (EC) No 1223/2009 and repealing
Council Directives 90/385/EEC and 93/43/EEC (OJ L 117, 5.5.2017, pp. 1). https:
//eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&fr
om=EN.

European Union. Regulation (EU) No 2017/746 of the European Parliament and of the
Council of 5 April 2017 on in vitro diagnostic medical devices and repealing
Directive 98/79/EC and Commission Decision 2010/227/EU (OJ L 117, 5.5.2017,
pp. 176). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
32017R0746& from=EN.

European Union. Regulation (EU) No 2020/561 of the European Parliament and of the
Council of 23 April 2020 amending Regulation (EU) 2017/745 on medical devices,
as regards the dates of application of certain of its provisions (OJ L 130, 24.4.2020,
pp. 18). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
32020R0561&from=EN.

Fallon, M., Giusti, R., Aielli, F., Hoskin, P., Rolke, R., Sharma, M., Ripamonti, C.I., 2018.
Management of cancer pain in adult patients: ESMO Clinical Practice Guidelines.
Ann. Oncol. 29, iv166-iv191. https://doi.org/10.1093/annonc/mdy152.

15

International Journal of Pharmaceutics 607 (2021) 120992

Feldschreiber, P., Breckenridge, A., 2015. After thalidomide — Do we have the right
balance between public health and intellectual property. Rev. Recent Clin. Trials 10,
15-18. https://doi.org/10.2174,/1574887110666150430145520.

Fraser, A.G., Butchart, E.G., Szymariski, P., Caiani, E.G., Crosby, S., Kearney, P., Van de
Werf, F., 2018. The need for transparency of clinical evidence for medical devices in
Europe. Lancet 392 (10146), 521-530. https://doi.org/10.1016/50140-6736(18)
31270-4.

Fraser, A.G., Byrne, R.A., Kautzner, J., Butchart, E.G., Szymanski, P., Leggeri, 1., De
Boer, R.A., Caiani, E.G., Van De Werf, F., Vardas, P.E., Badimon, L., 2020.
Implementing the new European regulations on medical devices—clinical
responsibilities for evidence-based practice: a report from the Regulatory Affairs
Committee of the European Society of Cardiology. Eur. Heart J. 41, 2589-2596.
https://doi.org/10.1093/eurheartj/ehaa382.

Galzote, R.M., Rafie, S., Teal, R., Mody, S.K., 2017. Transdermal delivery of combined
hormonal contraception: a review of the current literature. Int. J. Women’s Health 9,
315-321. https://doi.org/10.2147/ijwh.s102306.

Goyanes, A., Det-Amornrat, U., Wang, J., Basit, A.W., Gaisford, S., 2016. 3D scanning
and 3D printing as innovative technologies for fabricating personalized topical drug
delivery systems. J. Control. Release 234, 41-48. https://doi.org/10.1016/].
jeonrel.2016.05.034.

Graca, M.F.P., Miguel, S.P., Cabral, C.S.D., Correia, 1.J., 2020. Hyaluronic acid—based
wound dressings: a review. Carbohydr. Polym. 241, 116364. https://doi.org/
10.1016/j.carbpol.2020.116364.

Gupta, S., Andersen, C., Black, J., de Leon, J., Fife, C., Lantis II, J.C., Niezgoda, J.,
Snyder, R., Sumpio, B., Tettelbach, W., Treadwell, T., Weir, D., Silverman, R.P.,
2017. Management of chronic wounds: diagnosis, preparation, treatment, and
follow-up. Wounds Compend. Clin. Res. Pract. 29, S19-S36.

T'ons, G., 2020. Could pre-filled safety syringes facilitate the adoption of home
administration for cancer patients? J. Oncol. Pharm. Pract. 26 (8), 1934-1936.
https://doi.org/10.1177/1078155220961463.

Jeong, H.M., Weon, K.-Y., Shin, B.S., Shin, S., 2020. 3D-printed gastroretentive sustained
release drug delivery system by applying design of experiment approach. Molecules
25, 2330. https://doi.org/10.3390/molecules25102330.

Jung, E.K., Jang, C.H., Seong, J.Y., Cho, Y.B., 2017. Intractable methicillin-resistant
Staphylococcus aureus otorrhea with silicone impression in the middle ear. J. Audiol.
Otol. 21 (1), 49-52. https://doi.org/10.7874/ja0.2017.21.1.49.

Kapadia, B.H., Berg, R.A,, Daley, J.A., Fritz, J., Bhave, A., Mont, M.A., 2016.
Periprosthetic joint infection. Lancet 387 (10016), 386-394. https://doi.org/
10.1016/50140-6736(14)61798-0.

Karges, B., Schwandt, A., Heidtmann, B., Kordonouri, O., Binder, E., Schierloh, U.,
Boettcher, C., Kapellen, T., Rosenbauer, J., Holl, R.W., 2017. Association of insulin
pump therapy vs insulin injection therapy with severe hypoglycemia, ketoacidosis,
and glycemic control among children, adolescents, and young adults with type 1
diabetes. JAMA 318, 1358-1366. https://doi.org/10.1001/jama.2017.13994.

Kirkpatrick, J.N., Hull, S.C., Fedson, S., Mullen, B., Goodlin, S.J., 2020. Scarce-resource
allocation and patient triage during the COVID-19 pandemic. J. Am. Coll. Cardiol. 76
(1), 85-92. https://doi.org/10.1016/j.jacc.2020.05.006.

Koh, C.K., Zeng, 1., Ravi, S., Zhu, M., Vince, K.G., Young, S.W., 2017. Periprosthetic joint
infection is the main cause of failure for modern knee arthroplasty: an analysis of
11,134 knees. Clin. Orthop. Relat. Res. 475, 2194-2201. https://doi.org/10.1007/
5§11999-017-5396-4.

Kommineni, N., Saka, R., Khan, W., Domb, A.J., 2018. Non-polymer drug-eluting
coronary stents. Drug Deliv. Transl. Res. 8 (4), 903-917. https://doi.org/10.1007/
513346-017-0414-3.

Laventhal, N., Basak, R., Dell, M.L., Diekema, D., Elster, N., Geis, G., Mercurio, M.,
Opel, D., Shalowitz, D., Statter, M., Macauley, R., 2020. The ethics of creating a
resource allocation strategy during the COVID-19 pandemic. Pediatrics 146 (1),
€20201243. https://doi.org/10.1542/peds.2020-1243.

Lee, H., Song, C., Baik, S., Kim, D., Hyeon, T., Kim, D.-H., 2018. Device-assisted
transdermal drug delivery. Adv. Drug Deliv. Rev. 127, 35-45. https://doi.org/
10.1016/j.addr.2017.08.009.

Li, H.-K., Rombach, 1., Zambellas, R., Walker, A.S., McNally, M.A., Atkins, B.L., Lipsky, B.
A., Hughes, H.C., Bose, D., Kiimin, M., Scarborough, C., Matthews, P.C., Brent, A.J.,
Lomas, J., Gundle, R., Rogers, M., Taylor, A., Angus, B., Byren, L., Berendt, A.R.,
Warren, S., Fitzgerald, F.E., Mack, D.J.F., Hopkins, S., Folb, J., Reynolds, H.E.,
Moore, E., Marshall, J., Jenkins, N., Moran, C.E., Woodhouse, A.F., Stafford, S.,
Seaton, R.A., Vallance, C., Hemsley, C.J., Bisnauthsing, K., Sandoe, J.A.T.,
Aggarwal, L, Ellis, S.C., Bunn, D.J., Sutherland, R.K., Barlow, G., Cooper, C.,

Geue, C., McMeekin, N., Briggs, A.H., Sendi, P., Khatamzas, E.,

Wangrangsimakul, T., Wong, T.H.N., Barrett, L.K., Alvand, A., Old, C.F., Bostock, J.,
Paul, J., Cooke, G., Thwaites, G.E., Bejon, P., Scarborough, M., 2019. Oral versus
intravenous antibiotics for bone and joint infection. N. Engl. J. Med. 380 (5),
425-436. https://doi.org/10.1056/NEJMoal710926.

Limeres, J., Lip, G.Y.H., Del Blanco, B.G., Ferreira-Gonzélez, 1., Mutuberria, M.,
Alfonso, F., Bueno, H., Cequier, A., Prendergast, B., Zueco, J., Rodriguez-Leor, O.,
Barrabés, J.A., Garcia-Dorado, D., Sambola, A., 2019. Safety of drug-eluting stents
compared to bare metal stents in patients with an indication for long-term oral
anticoagulation: a propensity score matched analysis. Thromb. Res. 177, 180-186.
https://doi.org/10.1016/j.thromres.2019.02.021.

Lindson, N., Chepkin, S.C., Ye, W., Fanshawe, T.R., Bullen, C., Hartmann-Boyce, J., 2019.
Different doses, durations and modes of delivery of nicotine replacement therapy for
smoking cessation. Cochr. Datab. System. Rev. 4 https://doi.org/10.1002/
14651858.cd013308.

Liu, H.-F., Zhang, F., Lineaweaver, W.C., 2017. History and advancement of burn
treatments. Ann. Plast. Surg. 78, S2-S8. https://doi.org/10.1097/
SAP.0000000000000896.


https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/questions-answers-implementation-medical-devices-vitro-diagnostic-medical-devices-regulations-eu/745-eu-2017/746_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/questions-answers-implementation-medical-devices-vitro-diagnostic-medical-devices-regulations-eu/745-eu-2017/746_en.pdf
https://doi.org/10.1002/adhm.v8.810.1002/adhm.201801066
https://doi.org/10.1002/adhm.v8.810.1002/adhm.201801066
https://doi.org/10.1177/1535370216688572
https://doi.org/10.1093/pm/pny132
https://doi.org/10.1016/j.tibtech.2018.07.007
https://doi.org/10.1016/j.amepre.2019.11.012
https://doi.org/10.1097/SPC.0000000000000427
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a31998L0079%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a31998L0079%26from=EN
https://doi.org/10.1016/j.ijpharm.2020.119837
https://doi.org/10.1016/j.ijpharm.2020.119837
https://doi.org/10.1056/NEJMsb2005114
https://doi.org/10.1056/NEJMsb2005114
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31990L0385&amp;from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31990L0385&amp;from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a31993L0042%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a31993L0042%26from=EN
http://www.meddev.info/_documents/2_1_3_rev_3-12_2009_en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32001L0083%26from=en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32001L0083%26from=en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004L0027%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004L0027%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004L0027%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004R0726%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004R0726%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32004R0726%26from=EN
https://www.ema.europa.eu/en/about-us/annual-reports-work-programmes
https://www.ema.europa.eu/en/about-us/annual-reports-work-programmes
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0200
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0200
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0200
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32017R0745%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32017R0745%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32017R0745%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32017R0746%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32017R0746%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32020R0561%26from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3a32020R0561%26from=EN
https://doi.org/10.1093/annonc/mdy152
https://doi.org/10.2174/1574887110666150430145520
https://doi.org/10.1016/S0140-6736(18)31270-4
https://doi.org/10.1016/S0140-6736(18)31270-4
https://doi.org/10.1093/eurheartj/ehaa382
https://doi.org/10.2147/ijwh.s102306
https://doi.org/10.1016/j.jconrel.2016.05.034
https://doi.org/10.1016/j.jconrel.2016.05.034
https://doi.org/10.1016/j.carbpol.2020.116364
https://doi.org/10.1016/j.carbpol.2020.116364
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0255
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0255
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0255
http://refhub.elsevier.com/S0378-5173(21)00798-5/h0255
https://doi.org/10.1177/1078155220961463
https://doi.org/10.3390/molecules25102330
https://doi.org/10.7874/jao.2017.21.1.49
https://doi.org/10.1016/S0140-6736(14)61798-0
https://doi.org/10.1016/S0140-6736(14)61798-0
https://doi.org/10.1001/jama.2017.13994
https://doi.org/10.1016/j.jacc.2020.05.006
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1007/s13346-017-0414-3
https://doi.org/10.1007/s13346-017-0414-3
https://doi.org/10.1542/peds.2020-1243
https://doi.org/10.1016/j.addr.2017.08.009
https://doi.org/10.1016/j.addr.2017.08.009
https://doi.org/10.1056/NEJMoa1710926
https://doi.org/10.1016/j.thromres.2019.02.021
https://doi.org/10.1002/14651858.cd013308
https://doi.org/10.1002/14651858.cd013308
https://doi.org/10.1097/SAP.0000000000000896
https://doi.org/10.1097/SAP.0000000000000896

P. Antich-Isern et al.

Ljubojevic Hadzavdic, S., Gojceta Burni¢, S., Hadzavdi¢, A., Marinovié¢ Kulisi¢, S., Jurakié
Tonci¢, R., 2018. Erythema of the penis after use of a latex condom - latex allergy or
something else? Contact Dermatitis 78, 168-169. https://doi.org/10.1111/
cod.12879.

Ludwin, K., Filipiak, K.J., Jaguszewski, M., Pruc, M., Paprocki, M., Smereka, J.,
Szarpak, L., Dabrowski, M., Czekajlo, M., 2021. Place of prefilled syringes in COVID-
19 patient based on current evidence. Am. J. Emerg. Med. 39, 234-235. https://doi.
org/10.1016/j.ajem.2020.05.016.

Martelli, N., Eskenazy, D., Déan, C., Pineau, J., Prognon, P., Chatellier, G., Sapoval, M.,
Pellerin, O., 2019. New European regulation for medical devices: what is changing?
Cardiovasc. Intervent. Radiol. 42 (9), 1272-1278. https://doi.org/10.1007/s00270-
019-02247-0.

Medical Device Coordination Group, 2020. Guidance on transitional provisions for
consultations of authorities on devices incorporating a substance which may be
considered a medicinal product and which has action ancillary to that of the device,
as well as on devices manufactured using TSE susceptible animal tissues (June
2020), MDCG 2020-12. European Union, pp. 1-6. https://ec.europa.eu/health/sites
/default/files/md_sector/docs/md_mdcg 2020-12_guidance_transitional_provisio
ns_en.pdf.

Medical Device Coordination Group, 2021. Ongoing guidance development and
deliverables of Medical Device Coordination Group Subgroups (March 2021),
Medical Devices Sector, Public Health. European Union, pp. 1-5. https://ec.europa.
eu/health/sites/default/files/md_sector/docs/mdcg_ongoing_guidancedocs_en.pdf.

MedTech Europe, 2019. Use of symbols to indicate compliance with the MDR - Version
2.0 (December 2019), Resource Library. European Union, pp. 1-16. https://www.
medtecheurope.org/wp-content/uploads/2019/05/191217_MD-labelling_Symbol
s-guidance_REVISED_FINAL.pdf.

Melvin, T., Torre, M., 2019. New medical device regulations: the regulator’s view.
EFORT Open Revi. 4 (6), 351-356. https://doi.org/10.1302/2058-5241.4.180061.

Miclaus, T., Valla, V., Koukoura, A., Nielsen, A.A., Dahlerup, B., Tsianos, G.-I.,
Vassiliadis, E., 2020. Impact of design on medical device safety. Therap. Innov. Reg.
Sci. 54 (4), 839-849. https://doi.org/10.1007/s43441-019-00022-4.

Migliore, A., 2017. On the new regulation of medical devices in Europe. Expert Rev. Med.
Devices 14 (12), 921-923. https://doi.org/10.1080/17434440.2017.1407648.

Minkowitz, H., Navarro-Puerto, J., Lakshman, S., Singla, S., Cousar, C., Kim, R.,
Villavicencio, A., Kirksey, L., Ayguasanosa, J., Anderson, C.D., Labow, D.,
Fishbein, T., Sheiner, P., Lockstadt, H., Courtney, K., Cheng, J., Barrera, G.,
Henriquez, W.T., 2019. Prospective, randomized, phase II, non-inferiority study to
evaluate the safety and efficacy of Topical Thrombin (Human) Grifols as adjunct to
hemostasis during vascular, hepatic, soft tissue, and spinal open surgery. J. Am. Coll.
Surg. 229 (5), 497-507.el. https://doi.org/10.1016/j.jamcollsurg.2019.07.008.

Minssen, T., Mimler, M., Mak, V., 2020. When does stand-alone software qualify as a
medical device in the European Union?—The CJEU’s decision in Snitem and what it
implies for the next generation of medical devices. Med. Law Rev. 28, 615-624.
https://doi.org/10.1093/medlaw/fwaa012.

Muehlematter, U.J., Daniore, P., Vokinger, K.N., 2021. Approval of artificial intelligence
and machine learning-based medical devices in the USA and Europe (2015-20): a
comparative analysis. Lancet Digital Health 3 (3), e195-e203. https://doi.org/
10.1016/52589-7500(20)30292-2.

Mueller-Godeffroy, E., Vonthein, R., Ludwig-Seibold, C., Heidtmann, B., Boettcher, C.,
Kramer, M., Hessler, N., Hilgard, D., Lilienthal, E., Ziegler, A., Wagner, V.M., 2018.
Psychosocial benefits of insulin pump therapy in children with diabetes type 1 and
their families: the pumpkin multicenter randomized controlled trial. Pediat. Diab. 19
(8), 1471-1480. https://doi.org/10.1111/pedi.2018.19.issue-810.1111/
pedi.12777.

Nalamachu, S., Gudin, J., 2020. Characteristics of analgesic patch formulations. J. Pain
Res. 13, 2343-2354. https://doi.org/10.2147/jpr.s270169.

Olson, N.J., Ornstein, D.L., 2017. Factor V inhibitors: a diagnostic and therapeutic
challenge. Arch. Pathol. Lab. Med. 141, 1728-1731. https://doi.org/10.5858/
arpa.2016-0445-rs.

Orji, F.T., Onyero, E.O., Agbo, C.E., 2014. The clinical implications of ear canal debris in
hearing aid users. Pakist. J. Med. Sci. 30, 483-487. https://doi.org/10.12669/pjms.
303.4742.

Pal, N., Broaddus, R.R., Urbauer, D.L., Balakrishnan, N., Milbourne, A., Schmeler, K.M.,
Meyer, L.A., Soliman, P.T., Lu, K.H., Ramirez, P.T., Ramondetta, L., Bodurka, D.C.,
Westin, S.N., 2018. Treatment of low-risk endometrial cancer and complex atypical
hyperplasia with the levonorgestrel-releasing intrauterine device. Obstet. Gynecol.
131, 109-116. https://doi.org/10.1097/a0g.0000000000002390.

Pala, L., Dicembrini, I., Mannucci, E., 2019. Continuous subcutaneous insulin infusion vs
modern multiple injection regimens in type 1 diabetes: an updated meta-analysis of
randomized clinical trials. Acta Diabetol. 56 (9), 973-980. https://doi.org/10.1007/
500592-019-01326-5.

Palmerini, T., Benedetto, U., Biondi-Zoccai, G., Della Riva, D., Bacchi-Reggiani, L.,
Smits, P.C., Vlachojannis, G.J., Jensen, L.O., Christiansen, E.H., Berencsi, K.,
Valgimigli, M., Orlandi, C., Petrou, M., Rapezzi, C., Stone, G.W., 2015. Long-term
safety of drug-eluting and bare-metal stents. J. Am. Coll. Cardiol. 65 (23),
2496-2507. https://doi.org/10.1016/j.jacc.2015.04.017.

Pastore, M.N., Kalia, Y.N., Horstmann, M., Roberts, M.S., 2015. Transdermal patches:
history, development and pharmacology. Br. J. Pharmacol. 172 (9), 2179-2209.
https://doi.org/10.1111/bph.2015.172.issue-910.1111/bph.13059.

Pérez-Jover, V., Mira, J.J., Carratala-Munuera, C., Gil-Guillen, V.F., Basora, J., Lopez-
Pineda, A., Orozco-Beltran, D., 2018. Inappropriate use of medication by elderly,
polymedicated, or multipathological patients with chronic diseases. Int. J. Environ.
Res. Public Health 15, 310. https://doi.org/10.3390/ijerph15020310.

Piccolo, R., Bonaa, K.H., Efthimiou, O., Varenne, O., Baldo, A., Urban, P., Kaiser, C.,
Remkes, W., Réber, L., de Belder, A., van 't Hof, A.W.J., Stankovic, G., Lemos, P.A.,

16

International Journal of Pharmaceutics 607 (2021) 120992

Wilsgaard, T., Reifart, J., Rodriguez, A.E., Ribeiro, E.E., Serruys, P.W.J.C.,
Abizaid, A., Sabaté, M., Byrne, R.A., de la Torre Hernandez, J.M., Wijns, W., Jiini, P.,
Windecker, S., Valgimigli, M., Piccolo, R., Bonaa, K.H., Efthimiou, O., Varenne, O.,
Baldo, A., Urban, P., Kaiser, C., Remkes, W., Riber, L., de Belder, A., van’t Hof, A W.
J., Stankovic, G., Lemos, P.A., Wilsgaard, T., Reifart, J., Rodriguez, A.E., Ribeiro, E.
E., Serruys, P.W.J.C., Abizaid, A., Sabaté, M., Byrne, R.A., de la Torre Hernandez, J.
M., Wijns, W., Jiini, P., Windecker, S., Valgimigli, M., 2019. Drug-eluting or bare-
metal stents for percutaneous coronary intervention: a systematic review and
individual patient data meta-analysis of randomised clinical trials. Lancet 393
(10190), 2503-2510. https://doi.org/10.1016/50140-6736(19)30474-X.

Pickup, J.C., 2019. Is insulin pump therapy effective in type 1 diabetes? Diabet. Med. 36
(3), 269-278. https://doi.org/10.1111/dme.2019.36.issue-310.1111/dme.13793.

Porst, H., Burri, A., 2019. Novel treatment for premature ejaculation in the light of
currently used therapies: a review. Sex. Med. Rev. 7 (1), 129-140. https://doi.org/
10.1016/j.sxmr.2018.05.001.

Price, A.J., Alvand, A., Troelsen, A., Katz, J.N., Hooper, G., Gray, A., Carr, A., Beard, D.,
2018. Knee replacement. Lancet 392 (10158), 1672-1682. https://doi.org/10.1016/
S0140-6736(18)32344-4.

Quarterman, J.C., Geary, S.M., Salem, A.K., 2021. Evolution of drug-eluting biomedical
implants for sustained drug delivery. Eur. J. Pharm. Biopharm. 159, 21-35. https://
doi.org/10.1016/j.€jpb.2020.12.005.

Riau, A.K., Aung, T.T., Setiawan, M., Yang, L., Yam, G.H.F., Beuerman, R.W.,
Venkatraman, S.S., Mehta, J.S., 2019. Surface immobilization of nano-silver on
polymeric medical devices to prevent bacterial biofilm formation. Pathogens 8, 93.
https://doi.org/10.3390/pathogens8030093.

Rogliani, P., Calzetta, L., Coppola, A., Cavalli, F., Ora, J., Puxeddu, E., Matera, M.G.,
Cazzola, M., 2017. Optimizing drug delivery in COPD: the role of inhaler devices.
Respir. Med. 124, 6-14. https://doi.org/10.1016/j.rmed.2017.01.006.

Sacha, G., Rogers, J.A., Miller, R.L., 2015. Pre-filled syringes: a review of the history,
manufacturing and challenges. Pharm. Dev. Technol. 20 (1), 1-11. https://doi.org/
10.3109/10837450.2014.982825.

Sadeghi, I., Byrne, J., Shakur, R., Langer, R., 2021. Engineered drug delivery devices to
address Global Health challenges. J. Control. Release 331, 503-514. https://doi.org/
10.1016/j.jconrel.2021.01.035.

Sanabrias Fernandez de Sevilla, R., Sanchez Guerrero, A., 2019. Productos sanitarios
frontera. Panorama Actual del Medicamento 43, 719-724.

Scientific Committee on Emerging and Newly Identified Health Risks, 2012. Opinion on
The safety of Poly Implant Prothese (PIP) silicone breast implants, European
Commission, Health & Consumers, Public Health. European Union, pp. 1-95. htt
ps://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_043.pdf.

Schmitt, D.R., Killen, C., Murphy, M., Perry, M., Romano, J., Brown, N., 2020. The
impact of antibiotic-loaded bone cement on antibiotic resistance in periprosthetic
knee infections. Clin. Orthop. Surg. 12, 318-323. https://doi.org/10.4055/
cios19058.

Schwarz, E.M., Parvizi, J., Gehrke, T., Aiyer, A., Battenberg, A., Brown, S.A.,
Callaghan, J.J., Citak, M., Egol, K., Garrigues, G.E., Ghert, M., Goswami, K.,
Green, A., Hammound, S., Kates, S.L., McLaren, A.C., Mont, M.A., Namdari, S.,
Obremskey, W.T., O’Toole, R., Raikin, S., Restrepo, C., Ricciardi, B., Saeed, K.,
Sanchez-Sotelo, J., Shohat, N., Tan, T., Thirukumaran, C.P., Winters, B., 2019. 2018
International consensus meeting on musculoskeletal infection: research priorities
from the general assembly questions. J. Orthop. Res. 37 (5), 997-1006. https://doi.
org/10.1002/jorr.v37.510.1002/jor.24293.

Sebastian, S., Liu, Y., Christensen, R., Raina, D.B., T4gil, M., Lidgren, L., 2020. Antibiotic
containing bone cement in prevention of hip and knee prosthetic joint infections: a
systematic review and meta-analysis. J. Orthop. Transl. 23, 53-60. https://doi.org/
10.1016/j.jot.2020.04.005.

Shah, N.B., Hersh, B.L., Kreger, A., Sayeed, A., Bullock, A.G., Rothenberger, S.D.,

Klatt, B., Hamlin, B., Urish, K.L., 2020. Benefits and adverse events associated with
extended antibiotic use in total knee arthroplasty periprosthetic joint infection. Clin.
Infect. Dis. 70, 559-565. https://doi.org/10.1093/cid/ciz261.

Sharma, R., Singh, D., Gaur, P., Joshi, D., 2021. Intelligent automated drug
administration and therapy: future of healthcare. Drug Deliv. Transl. Res. https://
doi.org/10.1007/513346-020-00876-4.

Siegel, R.L., Miller, K.D., Jemal, A., 2020. Cancer statistics, 2020. CA: A Cancer J. Clin.
70, 7-30. https://doi.org/10.3322/caac.21590.

Singh, A.D., Singal, A.K., Mian, A., Kapadia, S.R., Hedrick, D.P., Kanaa’'N, A., Khatri, J.J.,
Puri, R., Kalra, A., 2020a. Recurrent drug-eluting stent in-stent restenosis: a state-of-
the-art review of pathophysiology, diagnosis, and management. Cardiovas. Revascul.
Med. 21 (9), 1157-1163. https://doi.org/10.1016/j.carrev.2020.01.005.

Singh, R., Bathaei, M.J., Istif, E., Beker, L., 2020b. A review of bioresorbable implantable
medical devices: materials, fabrication, and implementation. Adv. Healthcare Mater.
9 (18), 2000790. https://doi.org/10.1002/adhm.v9.1810.1002/adhm.202000790.

Sivasankaran, S., Jonnalagadda, S., 2021. Advances in controlled release hormonal
technologies for contraception: a review of existing devices, underlying mechanisms,
and future directions. J. Control. Release 330, 797-811. https://doi.org/10.1016/].
jeonrel.2020.12.044.

Song, S.Y., Lee, S.Y., Kim, H.Y., Park, D.B., Kim, D.E., Lee, K.H,, Lee, S., Yang, J.B.,
Yoo, H.J., 2020. Long-term efficacy and feasibility of levonorgestrel-releasing
intrauterine device use in patients with adenomyosis. Medicine 99, e20421. https://
doi.org/10.1097/MD.0000000000020421.

Sora, N.D., Shashpal, F., Bond, E.A., Jenkins, A.J., 2019. Insulin pumps: review of
technological advancement in diabetes management. Am. J. Med. Sci. 358 (5),
326-331. https://doi.org/10.1016/j.amjms.2019.08.008.

Stewart, S.A., Dominguez-Robles, J., Mcllorum, V.J., Mancuso, E., Lamprou, D.A,,
Donnelly, R.F., Larraneta, E., 2020. Development of a biodegradable subcutaneous


https://doi.org/10.1111/cod.12879
https://doi.org/10.1111/cod.12879
https://doi.org/10.1016/j.ajem.2020.05.016
https://doi.org/10.1016/j.ajem.2020.05.016
https://doi.org/10.1007/s00270-019-02247-0
https://doi.org/10.1007/s00270-019-02247-0
https://ec.europa.eu/health/sites/default/files/md_sector/docs/md_mdcg_2020-12_guidance_transitional_provisions_en.pdf
https://ec.europa.eu/health/sites/default/files/md_sector/docs/md_mdcg_2020-12_guidance_transitional_provisions_en.pdf
https://ec.europa.eu/health/sites/default/files/md_sector/docs/md_mdcg_2020-12_guidance_transitional_provisions_en.pdf
https://ec.europa.eu/health/sites/default/files/md_sector/docs/mdcg_ongoing_guidancedocs_en.pdf
https://ec.europa.eu/health/sites/default/files/md_sector/docs/mdcg_ongoing_guidancedocs_en.pdf
https://www.medtecheurope.org/wp-content/uploads/2019/05/191217_MD-labelling_Symbols-guidance_REVISED_FINAL.pdf
https://www.medtecheurope.org/wp-content/uploads/2019/05/191217_MD-labelling_Symbols-guidance_REVISED_FINAL.pdf
https://www.medtecheurope.org/wp-content/uploads/2019/05/191217_MD-labelling_Symbols-guidance_REVISED_FINAL.pdf
https://doi.org/10.1302/2058-5241.4.180061
https://doi.org/10.1007/s43441-019-00022-4
https://doi.org/10.1080/17434440.2017.1407648
https://doi.org/10.1016/j.jamcollsurg.2019.07.008
https://doi.org/10.1093/medlaw/fwaa012
https://doi.org/10.1016/S2589-7500(20)30292-2
https://doi.org/10.1016/S2589-7500(20)30292-2
https://doi.org/10.1111/pedi.2018.19.issue-810.1111/pedi.12777
https://doi.org/10.1111/pedi.2018.19.issue-810.1111/pedi.12777
https://doi.org/10.2147/jpr.s270169
https://doi.org/10.5858/arpa.2016-0445-rs
https://doi.org/10.5858/arpa.2016-0445-rs
https://doi.org/10.12669/pjms.303.4742
https://doi.org/10.12669/pjms.303.4742
https://doi.org/10.1097/aog.0000000000002390
https://doi.org/10.1007/s00592-019-01326-5
https://doi.org/10.1007/s00592-019-01326-5
https://doi.org/10.1016/j.jacc.2015.04.017
https://doi.org/10.1111/bph.2015.172.issue-910.1111/bph.13059
https://doi.org/10.3390/ijerph15020310
https://doi.org/10.1016/S0140-6736(19)30474-X
https://doi.org/10.1111/dme.2019.36.issue-310.1111/dme.13793
https://doi.org/10.1016/j.sxmr.2018.05.001
https://doi.org/10.1016/j.sxmr.2018.05.001
https://doi.org/10.1016/S0140-6736(18)32344-4
https://doi.org/10.1016/S0140-6736(18)32344-4
https://doi.org/10.1016/j.ejpb.2020.12.005
https://doi.org/10.1016/j.ejpb.2020.12.005
https://doi.org/10.3390/pathogens8030093
https://doi.org/10.1016/j.rmed.2017.01.006
https://doi.org/10.3109/10837450.2014.982825
https://doi.org/10.3109/10837450.2014.982825
https://doi.org/10.1016/j.jconrel.2021.01.035
https://doi.org/10.1016/j.jconrel.2021.01.035
http://refhub.elsevier.com/S0378-5173(21)00798-5/h9000
http://refhub.elsevier.com/S0378-5173(21)00798-5/h9000
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_043.pdf
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_043.pdf
https://doi.org/10.4055/cios19058
https://doi.org/10.4055/cios19058
https://doi.org/10.1002/jorr.v37.510.1002/jor.24293
https://doi.org/10.1002/jorr.v37.510.1002/jor.24293
https://doi.org/10.1016/j.jot.2020.04.005
https://doi.org/10.1016/j.jot.2020.04.005
https://doi.org/10.1093/cid/ciz261
https://doi.org/10.1007/s13346-020-00876-4
https://doi.org/10.1007/s13346-020-00876-4
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/j.carrev.2020.01.005
https://doi.org/10.1002/adhm.v9.1810.1002/adhm.202000790
https://doi.org/10.1016/j.jconrel.2020.12.044
https://doi.org/10.1016/j.jconrel.2020.12.044
https://doi.org/10.1097/MD.0000000000020421
https://doi.org/10.1097/MD.0000000000020421
https://doi.org/10.1016/j.amjms.2019.08.008

P. Antich-Isern et al.

implant for prolonged drug delivery using 3D printing. Pharmaceutics 12, 105.
https://doi.org/10.3390/pharmaceutics12020105.

Sun, W, Lee, J., Zhang, S., Benyshek, C., Dokmeci, M.R., Khademhosseini, A., 2019.
Engineering precision medicine. Advanced. Science 6 (1), 1801039. https://doi.org/
10.1002/advs.201801039.

Tiboni, M., Campana, R., Frangipani, E., Casettari, L., 2021. 3D printed clotrimazole
intravaginal ring for the treatment of recurrent vaginal candidiasis. Int. J. Pharm.
596, 120290. https://doi.org/10.1016/].ijpharm.2021.120290.

Tomberli, B., Mattesini, A., Baldereschi, G.I., Di Mario, C., 2018. A brief history of
coronary artery stents. Revista Espanola de Cardiologia (English Edition) 71 (5),
312-319. https://doi.org/10.1016/j.rec.2017.11.022.

Tracol, P., 2016. Materials vigilance and traceability. Orthopaed. Traumatol. Surg. Res.
102 (1), S95-S103. https://doi.org/10.1016/j.0tsr.2015.05.013.

Turgeon, J., Michaud, V., Steffen, L., 2017. The dangers of polypharmacy in elderly
patients. JAMA Int. Med. 177, 1544-1544. https://doi.org/10.1001/jamainternmed.
2017.4790.

Vargesson, N., 2015. Thalidomide-induced teratogenesis: History and mechanisms. Birth
Def. Res Part C: Embryo Today: Rev. 105 (2), 140-156. https://doi.org/10.1002/
bdre.v105.210.1002/bdrc.21096.

Vasiljeva, K., van Duren, B.H., Pandit, H., 2020. Changing device regulations in the
European Union: impact on research, innovation and clinical practice. Ind. J.
Orthop. 54 (2), 123-129. https://doi.org/10.1007/s43465-019-00013-5.

Vivero-Lopez, M., Xu, X., Muras, A., Otero, A., Concheiro, A., Gaisford, S., Basit, A W.,
Alvarez-Lorenzo, C., Goyanes, A., 2021. Anti-biofilm multi drug-loaded 3D printed

17

International Journal of Pharmaceutics 607 (2021) 120992

hearing aids. Mater. Sci. Eng., C 119, 111606. https://doi.org/10.1016/j.
msec.2020.111606.

Wall, V., Nguyen, T.-H., Nguyen, N., Tran, P.A., 2021. Controlling antibiotic release from
polymethylmethacrylate bone cement. Biomedicines 9, 26. https://doi.org/
10.3390/biomedicines9010026.

Wei, L., Li, Y., Li, X., Bian, L., Wen, Z., Li, M., 2019. Chlorhexidine-impregnated dressing
for the prophylaxis of central venous catheter-related complications: a systematic
review and meta-analysis. BMC Infect. Dis. 19, 429. https://doi.org/10.1186/
$12879-019-4029-9.

Worby, C.J., Chang, H.-H., 2020. Face mask use in the general population and optimal
resource allocation during the COVID-19 pandemic. Nat. Commun. 11, 4049.
https://doi.org/10.1038/541467-020-17922-x.

Working Party on Borderline and Classification, 2019. Manual on Borderline and
Classification in the Community Regulatory Framework for Medical Devices. Version
1.22 (May 2019). European Union, pp. 1-91. https://ec.europa.eu/health/sites/defa
ult/files/md_topics-interest/docs/md_borderline_manual 05_2019 _en.pdf.

World Health Organization, 2021. World Report on Hearing, Global Reports. Geneva,
Switzerland, pp. 1-272. https://apps.who.int/iris/rest/bitstreams/1334317
/retrieve.

Zimmerman, C., Albanese-O’Neill, A., Haller, M.J., 2019. Advances in type 1 diabetes
technology over the last decade. Eur. Endocrinol. 15, 70-76. https://doi.org/
10.17925/ee.2019.15.2.70.


https://doi.org/10.3390/pharmaceutics12020105
https://doi.org/10.1002/advs.201801039
https://doi.org/10.1002/advs.201801039
https://doi.org/10.1016/j.ijpharm.2021.120290
https://doi.org/10.1016/j.rec.2017.11.022
https://doi.org/10.1016/j.otsr.2015.05.013
https://doi.org/10.1001/jamainternmed.2017.4790
https://doi.org/10.1001/jamainternmed.2017.4790
https://doi.org/10.1002/bdrc.v105.210.1002/bdrc.21096
https://doi.org/10.1002/bdrc.v105.210.1002/bdrc.21096
https://doi.org/10.1007/s43465-019-00013-5
https://doi.org/10.1016/j.msec.2020.111606
https://doi.org/10.1016/j.msec.2020.111606
https://doi.org/10.3390/biomedicines9010026
https://doi.org/10.3390/biomedicines9010026
https://doi.org/10.1186/s12879-019-4029-9
https://doi.org/10.1186/s12879-019-4029-9
https://doi.org/10.1038/s41467-020-17922-x
https://ec.europa.eu/health/sites/default/files/md_topics-interest/docs/md_borderline_manual_05_2019_en.pdf
https://ec.europa.eu/health/sites/default/files/md_topics-interest/docs/md_borderline_manual_05_2019_en.pdf
https://apps.who.int/iris/rest/bitstreams/1334317/retrieve
https://apps.who.int/iris/rest/bitstreams/1334317/retrieve
https://doi.org/10.17925/ee.2019.15.2.70
https://doi.org/10.17925/ee.2019.15.2.70

	The combination of medical devices and medicinal products revisited from the new European legal framework
	1 Introduction
	2 The borderline between medical devices and medicinal products
	2.1 Comparison of the definitions of medical devices and medicinal products
	2.2 Classification of borderline products

	3 Medical devices with an ancillary medicinal substance
	3.1 Definition of medical device with an ancillary medicinal substance
	3.2 Examples of medical devices with an ancillary medicinal substance
	3.3 Summary of legal requirements for medical devices with an ancillary medicinal substance
	3.3.1 Highlights on medical devices with an ancillary medicinal substance under the new European legal framework


	4 Drug-device combinations
	4.1 Definition of drug-device combination
	4.2 Integral drug-device combinations
	4.2.1 Definition of integral drug-device combination
	4.2.2 Examples and summary of legal requirements for integral DDCs with a class III medical device part
	4.2.3 Examples and summary of legislative requirements for integral DDCs with a class IIa or a class IIb medical device part
	4.2.4 Examples and summary of legislative requirements for integral DDCs with a class I medical device part that is sterile ...
	4.2.5 Examples and summary of legislative requirements for integral DDCs with a class I medical device part that is non-ste ...
	4.2.6 Examples of investigational integral DDCs
	4.2.7 Highlights on integral drug-device combinations under the new European legal framework

	4.3 Non-integral drug-device combinations
	4.3.1 Definition of non-integral drug-device combination
	4.3.2 Examples and summary of legislative requirements for non-integral DDCs with a class III medical device part
	4.3.3 Examples and summary of legislative requirements for non-integral DDCs with class IIa or class IIb medical device parts
	4.3.4 Examples and summary of legislative requirements for non-integral DDCs with a class I medical device part that is ste ...
	4.3.5 Highlights on non-integral drug-device combinations under the new European legal framework


	5 Concluding remarks
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	References


