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Abstract. The steady growth of life expectancy calls for a new view on the im-
portance of MedTech combination product development. One can envision that
to keep a higher quality of life, more people would require some form of therapy
depending on their individual state of health. This would require more medical
devices of different types and complexity to be designed for specific drugs. How-
ever, from a holistic perspective, several challenges emerge in the development
of drug-device combination products. An additional layer of complexity appears
due to the increasing complexity of the MedTech devices, as they interact with
the other systems and products in the design environment. This paper discusses
those potential challenges and proposes ways to mitigate them. The primary fo-
cus of this work is on the drug delivery systems, such as autoinjectors.
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1 Introduction

From 1970 to 2021 life expectancy has been showing a steady growth globally: in the
US, life expectancy reached 77,2 years in 2021 compared to 70,7 years in 1970 (9,2%
increase). In France, it was 82,5 years in 2021 — 16% growth from 1970 when it was
71,2. Considering the other regions, one can observe a similar trend: in Brazil, the life
expectancy has increased from 57,2 years (1970) to 72,8 years (2021) — 27% growth;
in Nigeria — from 39,7 years (1970) to 52,7 years (2021) — growth by 33%; in China —
from 56,6 years (1970) to 78,2 years (2021) — 38% increase [1]. Although such global
crises as pandemics could potentially influence those numbers, nevertheless, if this pos-
itive trend continues, one can expect a life expectancy of close to 100 years by 2070 in
the most developed countries.

Such improvement in the general population’s health is not happening without a sig-
nificant improvement in the healthcare sector itself. The reason for the metrics improve-
ment is not that people became magically healthier, but because of the ability to receive
the treatment earlier and deliver the drug to the patient with a specific disease ensuring
he or she can receive it throughout their entire lifetime. Pharmaceutical companies are
primarily responsible for drug development, while MedTech device companies — for



the drug delivery systems. In this paper the focus is made on the autoinjectors as one of
the types of such systems.

This context is setting an ambitious high-level goal for the Healthcare and MedTech
industries, which should act in close cooperation. Reaching such goal requires the inte-
gration of the lifecycle processes of how drugs and MedTech devices are developed —
both processes meet well established regulatory landscape, managed by the Food and
Drug Administration (FDA) in the U.S., the European Medicines Agency (EMA) in
Europe, and the other respective regulatory agencies in the other parts of the world.

MedTech product development field deals with uncertainty appearing because of an
increasing number of interactions, such as: (1) between components within the system
(device) and outside it — with external products and systems; and (2) interactions with
external stakeholders, from the MedTech company perspective. For this study, the only
second type of interactions is explored with an emphasis on such stakeholders as drug
development companies (Pharmaceutical companies), and regulatory bodies (such as
FDA or EMA). This paper discusses the challenges associated with the combination
product development process considering it from a holistic perspective, combining the
systems engineering (SE) and product lifecycle management (PLM) approaches. The
Digital Engineering (DE) tool is used to reflect the complexity of the combination prod-
uct development.

This paper is structured as follows. Section 1 is the Introduction. In Section 2 the
literature review is primarily focusing on systems engineering and product lifecycle
management as the means for a holistic view of the product (sub-section 2.1), and a
combination product through the lenses of such a holistic view (sub-section 2.2). The
research method is discussed in Section 3. Section 4 presents the drug-device combi-
nation product development challenges — drug-device design processes alignment (sub-
section 4.1) and stakeholders capturing (sub-section 4.2). The discussion and conclu-
sion are made in section 5, where the pathway for future research is also outlined.

2 Literature Review

2.1  Holistic View on the Product through the Systems Engineering

A holistic and systemic approach to the product/system and its boundaries is needed to
establish a proper view of the system from different stakeholders’ perspectives. Sys-
tems engineering has grown as the discipline to reduce uncertainty and to manage the
complexity in very large acquisition programs, such as in aerospace [2], [3] and defense
[4], [5] industries. Over time, systems engineering was applied to other industries, such
as automotive [6], [7], oil and gaz [8], and healthcare [9]. Therefore, it is not by coin-
cidence the SE/DE methods and tools are applicable to MedTech and healthcare indus-
tries.

There were the efforts to use the SE and Model-Based Systems Engineering (MBSE)
approaches for MedTech. The attempts to develop good design practices for MedTech
development can be traced to two decades ago [10], however digitalization and ad-
vanced modeling capabilities could potentially move the design on a new level engag-
ing a more agile [11] and model-based approach. However, systems engineering



methods and tools have been used for the development of combination products in a
limited way. For example, in [12] the authors have used SysML as an MBSE tool to
represent a high-level system architecture for the drug delivery device, constructing the
system model for the system itself and only barely mentioning the issues associated
with the combination product consideration. SysML has also been applied to risk and
safety management of the medical devices [13]. Simulink model implementation to
create software for MedTech is presented in [14]. Requirements capture for the medical
device development has been presented as the workbook in [15], focusing on the device
only; and in [16] as the Master’s Thesis. The model-based representation of the dialysis
machine has been presented in [17], and to a wide variety of other applications in the
healthcare domain — in [18]. From the value delivery perspective, the MedTech device
is only creating a benefit to society when it is combined with the drug, and ultimately,
when both entities - device and drug - function as a system to deliver a drug to the
patient. Therefore, the combination product should be considered holistically, taking
into account the context — packaging, instruction for use, etc.

Systems engineering value increases when its principles and methods are applied
across the product lifecycle. The integration of systems engineering and Product
Lifecycle Management (PLM) has been studied in the literature and applied to different
domains, as both approaches are complementary to each other to facilitate the design
process across the product lifecycle [19], [20], [21] establishing a common glossary
[22].

2.2 Combination Product through the Lenses of Holistic View

A combination product is “a product comprised of two or more regulated components,
i.e., drug/device [...] that are physically, chemically, or otherwise combined or mixed
and produced as a single entity” [23]. The combination product development involves
two or more industries (for example, MedTech company, biotechnology company, and
pharmaceutical company) with their own design processes and established procedures,
which later should comply with each other and satisfy the regulatory landscape. The
opportunity associated with the development of a combination product lies in the ability
to combine the best knowledge and practice from all industries involved, revealing a
product with greater functionality and, ultimately, becoming a pioneer up the industry
standards [24]. Therefore, proper integration of the design processes between all the
actors involved in the combination product development is highly needed. Regulatory
pathways of combination products development in the USA and in the EU presented in
[25] “...could result in a complex scenario for companies marketing the same product
in both jurisdictions” [25].

To create new generations of MedTech innovative products, such as drug delivery
systems, the product development teams should possess new skills, such as design
thinking “to understand user needs” and systems engineering “to manage complexity
and ensure interoperability” [26]. Such a setting is calling up for a holistic view of the
product under development. The definition of a product and its boundaries vary de-
pending on the perspective: either this is a MedTech device designer, or the Pharma



company designer, or the end user, or even within the MedTech company — e.g. regu-
latory affairs vs. R&D.

The system view is needed to capture the combination product development com-
plexity from different perspectives and to track stakeholders involved. We hypothesize
that when the digital design thread is properly managed in DE environment, the links
to all stakeholders can be established and the design knowledge can be managed across
the lifecycle.

3 Research Method

The first step of the research method is digging into the state-of-the-art of the MedTech
combination product development, holistic view on the product, and stakeholders con-
sideration for such a complex product. This is achieved through the literature review of
the related topics described in Section 2.

The second step of the research method (Section 4) is capturing the challenges asso-
ciated with the device development process and the drug development process, accord-
ing to the guidance provided by FDA. These challenges are discussed in sub-section
4.1 (misalignment of the drug-device development processes) and in sub-section 4.2
(tracing stakeholders for combination product). To demonstrate these challenges, the
MBSE tool is used and applied to the stakeholders consideration.

4 Combination Product Development Challenges

4.1 Drug-device design processes alignment

Figure 1 presents the FDA-regulated processes for drug development (upper part of the
Figure) and device development (lower part of the Figure). In the current practice, those
processes are conducted in parallel with some level of uncertainty of drug properties
for the MedTech company. For the combination product development, the FDA is only
describing the general development considerations pointing out that ““...because of the
breadth, innovation and complexity of combination products, there is no single devel-
opmental paradigm appropriate for all combination products” [27]. The combination
product development is also regulated by the CFR Combination Product 21 CFR Part
4[28]. The challenge is related to the misalignment of the processes for the combination
product (drug-device) development which would support MedTech with the new prod-
ucts initiation, conceptualization, and realization.

FDA acknowledges that even though the drug constituent of the combination product
and the device constituent of the combination product might be approved separately,
“new scientific and technical issues may emerge when the drug and device are com-
bined or used together” [27].

Figure 1 demonstrates that the drug development company might need the device
prototype from the device development company after Phase | of the clinical research.
It implies that the device company has been working on such prototypes (most likely,
a series of Minimum Viable Products MVPs) before this (see device discovery and



concept; and preclinical research — prototype phases at the bottom of Figure 1), which
imposes uncertainty for MedTech company on early stages of its device design. Such a
work is based on the internal assumptions of drug properties (volume, viscosity, etc.)
under development. Figure 1 also captures the iterative nature of the communication
between the drug developers and the MedTech device company.

To mitigate the risk of misalignment in the combination product development pro-
cess, the MedTech design team should have an established communication with the
device team at the Pharmaceutical company, shifting and facilitating the discussion on
drug properties to the early stages of the product development and advocating that
DE/MBSE tools would support this process allowing to traces the design knowledge to
a later stages in a systemic way.
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Fig. 1. Combination Product and FDA’s drug/device development processes.
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4.2 Tracing stakeholders of the Combination Product

Another core challenge is reasoning about the stakeholders of the combination product.
As discussed earlier, the combination product is comprised of the device developed by
the MedTech company, and the drug, for which the Pharmaceutical company is respon-
sible. Therefore, from the MedTech device company perspective, the Pharma partner
is one of the stakeholders, alongside the patients, healthcare practitioners, and regula-
tory bodies. However, the primary customer for MedTech device company is Pharma.
Healthcare practitioner and patients (final users of both — drug and device) are operating
the Combination Product. This makes it difficult for the MedTech device company to
directly negotiate with the final user. Rather, from the business-to-business perspective,
in practice it is working directly with the Pharma partners trying to investigate their
requirements, such as drug viscosity, to be able to reduce uncertainty and predict the
design space for the prototypes to be developed.

This complexity is reflected in Figure 2, which uses the DE/MBSE tool to capture
stakeholders of the combination product development. The Object-Process Diagram
(OPD) for the Combination Product is built in the OPCloud environment [29], follow-
ing the Object-Process Methodology (OPM) [30]. This Figure reflects the complexity
for the MedTech company: although it can negotiate with final users, its primary cus-
tomers are the Pharma partners.

Figure 3 is the Object-Process Language for the combination product in the OPCloud
environment, which is automatically generated from OPD and supports the



stakeholders-processes allocation in a natural language, clearly describing who is re-
sponsible for what, and which processes are undertaken.

To mitigate the risk of losing an especially important link to specific stakeholder,
the DE tools should be used, such as the one presented in Figure 2.
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Fig. 2. Object-Process Diagram (OPD) for the Combination Product in OPCloud

MedTech device is an informatical and systemic object.

Drug is an informatical and systemic object.

Combination Product is an informatical and systemic object.
MedTech device Company is an informatical and systemic object.
Pharmaceutical Company is an informatical and systemic object.
Patient is an informatical and systemic object.

Healthcare Practicioner is an informatical and systemic object.
FDA Device Development Process Regulation is an informatical and systemic object.
FDA Drug Development Process Regulation is an informatical and systemic object.
Combination Product consists of Drug and MedTech device.
Operating is an informatical and systemic process.

Operating requires Healthcare Practicioner and Patient.
Operating affects Combination Product.

Producing is an informatical and systemic process.

Producing requires Pharmaceutical Company.

Producing affects Drug.

Regulating is an informatical and systemic process.

Regulating requires FDA Drug Development Process Regulation.
Regulating affects Drug.

Producing is an informatical and systemic process.

Producing requires MedTech device Company.

Producing affects MedTech device.

Regulating is an informatical and systemic process.

Regulating requires FDA Device Development Process Regulation.
Regulating affects MedTech device.

Fig. 3. Object-Process Language (OPL) for the Combination Product in OPCloud



5 Discussion and Conclusion

This paper discusses the challenges associated with development of drug-device com-
bination products, focusing on the drug delivery systems as an example. These chal-
lenges are identified in two areas. The first is related to the misalignment of the drug-
device design processes. A potential mitigation of this risk for MedTech design team is
to establish a communication link with the device team in the Pharmaceutical company
focusing on the importance of capturing the core design information (such as drug prop-
erties) at the early stages of product development, and advocating that MBSE/DE
would support this process. For this, a larger study is required. Such a study should
involve a large group of design team members to be interviewed on the design process.
These design interviews should capture not only the R&D team, responsible for the
MVPs development but also broader representatives - marketing, regulatory, and qual-
ity, to name a few.

The second challenge is related to the complexity of stakeholders representation. To
mitigate the risk of losing a core stakeholder and the data from such stakeholder, the
DE tool should be used. For the drug delivery system developer, the primary customer
is the Pharma company, while the final user is the patient/healthcare practitioner. To
capture this properly, MBSE-based solutions could track that information. This future
work would require building the system model within the product boundary (decom-
posing the drug delivery system on its own subsystems, functions definition and re-
quirements management, and assigning the core team members to those subsystems);
and outside the system model — outlining the interfaces with the other stakeholders and
systems.
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