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Abstract

Xenobots pose a dilemma in European Union private law with regard to classifying biologically-cell composed,
engineered living constructs as products. This is no longer an academic issue. The revised European Union defective
products system now adopts a broader definition of “product”, and explicitly includes software and digital production
files, as well as adjusts liability regarding the newly complex products. This Article employs a revisionist and doctrinal
approach to the revised Product Liability Directive and related health legislation, CJEU case law, European Union
institutional reports, and selected scholarly publications. This research supports the theory that xenobots, when
commercially or clinically provided, are products for the purposes of liability, since they are designed movable things
that are the result of organised production and circulation. While this correct might seem less complex, it is not as it
demands a second order question. Specifically, for what specific uses do xenobots fall under the regulation of a
medicinal product, an advanced therapy medicinal product, or a medical device. The main point of the Article is that
European Union law supports a product classification model. Product classification answers the primary liability

question, while the classification of a product should answer the liability question.
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11 INTRODUCTION

Xenaobots are a fascinating area of scientific development. Created using bioengineering techniques, they consist of
living cells and are capable of movement and the interaction with environmental stimuli.! Their challenge to existing
legal systems stems from their complexity as products that are both cultivated (cellular) and manufactured (engineered
constructs). This challenge is especially prominent in private law where the definition of a product is crucial to the
enforcement of strict liability. Therefore, the challenge that xenobots pose is immediately and purely legal: how do you

classify a living, manufactured, structured, mobile, and cellular entity?

This challenge has only increased with the establishment of Directive (EU) 2024/2853. This Directive eliminates the
prior defective products framework and incorporates both software and digital manufacturing files as products.® There
is considerable commentary on this legislative development as a response to digitization, interconnected products and
novel forms of manufacturer control.* Xenobots exemplify the complexity of this response as they are both biologically
embodied and the result of a design process that incorporates computation, modeling, and assembly. They also occupy
a regulated biomedical space and so the liability of xenobots cannot be considered apart from pharmaceutical law,

biomedicine, and medical devices.®

In EU law, xenobots sold commercially or used in clinics should be presumed products, particularly for liability. This
statement acknowledges that certain cases will be problematic, especially where a construct remains in-house, or where
regulation considers the medical purpose predominant. This analysis delineates why xenobots are designed
biocomponents, provides analysis of the revised directive's product concept, discusses therapeutic limits, and considers
pertinent Court of Justice case law. Finally, it defends a multi-layered classification system that upholds private law

consistency and allows fragmented legal regulation.®
1.2  XENOBOTS AS ENGINEERED BIO-OBJECTS

Any credible legal approach to xenobots commences with the fact that they are engineered. Their innovation lies not
only in the biological constituents, but also in the intentional design and construction of living systems that can be

supplied through organised and purposeful clinical or commercial activities.’
121 Biological Composition and Intentional Design

Xenaobots, the first generation of which was created from cells of the South African clawed frog, hold a highly
sophisticated design. They were created using a highly novel combination of evolutionarily inspired computer
algorithms integrated with intensive laboratory work.® Because each of these components was highly novel, labor

integrated with evolutionarily inspired algorithms, is an insufficient basis to claim that xenobots are natural tissues that

Sam Kriegman, Douglas Blackiston, et.al., “A Scalable Pipeline for Designing Reconfigurable Organisms™, 117 Proceedings

of the National Academy of Sciences 1853 (2020).

Cees van Dam, European Tort Law 143 (Oxford University Press, Oxford, 2" edn., 2013).

8  Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
art. 4.

4 Tiago Sérgio Cabral, “Liability and Artificial Intelligence in the EU: Assessing the Adequacy of the Current Product Liability
Directive”, 27 Maastricht Journal of European and Comparative Law 615 (2020).

5 Teresa Rodriguez de las Heras Ballell, “The Revision of the Product Liability Directive: A Key Piece in the Artificial
Intelligence Liability Puzzle”, 24 ERA Forum 247 (2023).

& Duncan Fairgrieve, Product Liability in Comparative Perspective 87 (Cambridge University Press, Cambridge, 1% edn., 2005).

7 Sam Kriegman, Douglas Blackiston, et.al., “Kinematic Self-Replication in Reconfigurable Organisms”, 118 Proceedings of the

National Academy of Sciences 2112672118 (2021).
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have been transplanted into other environments. While xenobots are indeed biological substrates, they are distinctly
artificial in design and intent. Because of that, the law should treat their engineered design as a fundamental component.
In the European Union's liability law, untreated tissues do not make a product. Rather, the more pertinent question with
xenobots is whether they design and undergo a formation process such that xenobots can enter circulation as movable

products.

Even more recently, xenobots demonstrated the ability to self-repair and dynamically exhibit other forms of actively
controlled kinematic self-replication. While this sort of behaviour may seem to blur the line between xenobots and
manufactured products, it does not make the law on products applicable.’ The European Union's liability framework
does not require an object to be passive and inert in order to be considered a product. The complexities of dynamic
behaviour do not obfuscate what a product is. In the classification of engineered creatures, the focus should be on the
design and the degree of construction of the self-replicating systems, including whether the systems exhibit autonomous

behaviours.
1.2.2 Why Product Characterisation Matters

The status of a product is important because it identifies if a victim can depend on the defective products system, as
opposed to establishing a breach of duty under the domestic fault-based systems. The difference is even more
pronounced in the case of complex biomedical systems. To address asymmetry of information, strict liability places the
ultimate risk on the designers, manufacturers and commercial distributors of potentially dangerous products.
Comparative studies of European product liability systems have supported this risk allocation system of organised risk,
internal market uniformity, and the ability of suppliers to absorb losses and manage safety. Within this scheme of
organised risk, a xenobot designed for a therapeutic or quasi-clinical use falls much more within the purpose of a

product, as opposed to a naturally occurring biological event.™

If xenobots were characterized solely as a service, or solely as a form of scientific experiment, liability would, in many
cases, depend on proving the existence of a lower standard of care within the fog of technical complexity that often
surrounds the design of such systems. This would impose an almost insurmountable burden on claimants, given the
biological, proprietary, and technical complexity of such systems. Instead, product characterization guides the inquiry
toward the circulation, defect, and the responsible economic actors. This preserves the system for structured
compensation, without requiring the courts to adapt the liability system every time a novel biohybrid product is

introduced.™
1.2.3 The Danger of Conceptual Exceptionalism

It is tempting to consider new technologies as legally exceptional if they do not resemble older products. That temptation
is especially strong with xenobots, because their composition is living. Conceptual exceptionalism poses legal risks of
its own. It may, for example, void the protections of strict liability precisely where a technology is the most opaque,
and it may permit the designers of the technology to externalize the risks by characterizing the new creations as

® Sam Kriegman, Douglas Blackiston, et.al., “Kinematic Self-Replication in Reconfigurable Organisms”, 118 Proceedings of the

National Academy of Sciences 2112672118 (2021).

10 Piotr Machnikowski, European Product Liability: An Analysis of the State of the Art in the Era of New Technologies 112
(Intersentia, Cambridge, 1% edn., 2016).

11 Cees van Dam, European Tort Law 151 (Oxford University Press, Oxford, 2™ edn., 2013).
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scientifically different, rather than commercially different. It is safe to say that neither of these situations would be

coherent with the rest of the European Union product law.

Xenobots may be novel, but novelty must be distinguished from classification. Xenobots may be unfamiliar, but that
does not lessen the possibility that they are products. Xenobots may be engineered, mobile, and made to be part of a
system, but that does not lessen the possibility that they could be made to cause harm that is within the law. Novelty
must be valued in law and in legal systems, but it must not be permitted to sever legal categories. The addition of new
legal categories brought about by the new European Union liability regime was designed precisely to ensure that older

legal concepts do not disappear as the technologies progress.*

1.3 RECONSTRUCTING PRODUCT STATUS UNDER THE REVISED PRODUCT LIABILITY
DIRECTIVE

The revised directive constitutes the primary basis for the current examination of xenobots. It expands the conception
of product, incorporates software and post-market oversight, and situates liability within a regulatory framework of

digitalization and intricate production chains as opposed to simple hardware.*
1.3.1 The New Statutory Concept of Product

Directive (EU) 2024/2853 defines product as all movables, even if they are incorporated in, or connected to, other
movables or immovables, and expressly refers to electricity, digital manufacturing files, raw materials, and software.
This definition, unlike previous iterations, is more expansive, and more importantly, for xenobots, means that a product
no longer has to resemble a conventional, mechanical artifact.”® A xenobot, supplied in a tangible form, is a movables
in the ordinary sense of the term, and its biological components cannot exclude it from the definition. On the contrary,
the reference to raw materials and software signals a legislative inclination to embrace a broad technological perspective

as OppOSEd to a narrow one.

This textual development is important as it negates a primary argument against classification. As software can now be
classified as a product even though it is intangible, it now becomes difficult to deny a manufactured, engineered, and
designed bio-artifact just because its physical material is cellular. The important consideration then becomes whether
the bio-artifact can be linked to design and manufacturing as well as its first use in service or placement in the market.
The modified Regulation thus assumes that hybrid artifacts will mainly be subject to an inclusive analysis unless a

specific provision of law states otherwise.'®
1.3.2 Software, Control, and Evolving Functionality

The Regulation also acknowledges that a manufacturer could be held liable for defects that arise after an artifact has
been placed on the market or put into service as a consequence of software or related services that the manufacturer

maintains. This provision is important because it counteracts the belief that a manufacturer is no longer liable after an

[N

2 Teresa Rodriguez de las Heras Ballell, “The Revision of the Product Liability Directive: A Key Piece in the Artificial

Intelligence Liability Puzzle”, 24 ERA Forum 247 (2023).

Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,

recital 3.

4 Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
arts. 4and 7.

5> Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
art. 4.

® Teresa Rodriguez de las Heras Ballell, “The Revision of the Product Liability Directive: A Key Piece in the Artificial
Intelligence Liability Puzzle”, 24 ERA Forum 247 (2023).
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artifact is out of the factory.”” Products in the digital age are shaped even after they leave the factory. Even though
xenobots may not be modified through traditional software updates, many of the possible use cases will rely on Digital
design files, lab control systems, computational models, and post-deployment calibration. Thus the new liability system

will apply even if the biological body itself remains unchanged.

Revised directives have been analysed accurately. They aim to redefine product liability in relation to adaptive
technologies. It aids the xenobot debate as it indicates future legal trends. The European Union modernized its liability
provisions not to defend only familiar devices. It modernized its liability provisions to maintain the philosophy of
control, defect, and risk in the face of technology built around distribution. Xenobots are a concern in this regard. Their
legal significance lies in the combination of design and control, and the technology that mediates the two, and not in

each component separately.*®
1.3.3 Institutional Setting and Practical Context

The revised directive focuses on products placed in the market or put in service after December 9, 2026. The 1985
directive focuses on products placed in the market or put in service before that date.’® The earlier model was considered
inadequate within emerging technologies and new forms of supply chains. This choice of legislation creates a
framework for interpretation. Courts that encounter the xenobot issue should regard the new directive as a reform that
aims at diminishing legal unpredictability, rather than a mere restatement of a more restricted historical compromise.

As a result, the new definition of products should be interpreted broadly.

This can also be expressed in a broader institutional environment. The Artificial Intelligence Act® sets out ex ante
regulations concerning Artificial Intelligence systems. As for the proposal of a separate Artificial Intelligence Liability
Directive, this was subsequently withdrawn.” Reports published by the European Union regarding liability and
emerging technologies have already pinpointed the necessity for separation of technically complex systems and clearer
risk. Background to this policy is represented in Figure 1. Once again, in 2025, Eurostat statistics showed significantly
more Artificial Intelligence use in large companies than small ones. That is the likely reason for the shift by legislators

towards a more comprehensive liability model.??

Expert Group on Liability and New Technologies, “Liability for Artificial Intelligence and Other Emerging Digital

Technologies” 39 (2019).

Tiago Sérgio Cabral, “Liability and Artificial Intelligence in the EU: Assessing the Adequacy of the Current Product Liability

Directive”, 27 Maastricht Journal of European and Comparative Law 615 (2020).

® Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
art. 2.

0 Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 Laying Down Harmonised Rules
on Artificial Intelligence, art. 6.

1Al Liability Directive, available at: https://www.europarl.europa.eu/legislative-train/theme-a-europe-fit-for-the-digital-

age/file-ai-liability-directive (last visited on June 2, 2026).

Use of Artificial Intelligence in Enterprises, available at: https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Use_of _artificial_intelligence_in_enterprises (last visited on June 8, 2026).
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Use of Artificial Intelligence Technologies by Enterprise Size in the European Union, 2025
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Figure 1: The 2025 European Union data demonstrate the disparity between the largest and smallest
organisations in their adoption of Artificial Intelligence.

Figure 1: 55.03 percent of large enterprises reported the most significant adoption of Al technologies in 2025, while
17.00 percent of small enterprises reported the least. This distribution reflects the broad technology context in which
the European Union restructured product liability concerning software-intensive and adaptive products.?

14 REGULATORY BORDERLINES WITH MEDICINES, ADVANCED THERAPIES, AND MEDICAL
DEVICES

Even if xenobots are considered products for liability purposes, there are further classification issues. Since xenobots
may have biomedical applications, it is necessary to balance their potential threshold product status with the niche

regulatory frameworks of human therapies and medical technologies.*
1.4.1 Advanced Therapy Medicinal Product Analogies

European Medicines Agency guidance classifies advanced therapy medicinal products as including gene therapy
products, somatic cell therapy products, and products that are tissue engineered. Developers may also request scientific
advice when considering whether a medicinal product based on genes, cells, or tissues, may fall within that regime.?
While xenobots would not legally fall under advanced therapy medicinal products, the comparison is close enough to
be relevant. Should a xenobot be created that incorporated the concepts of targeted therapy, regenerative delivery, or
tissue interaction within the human body, then it would be reasonable that regulators would consider whether its

biological composition and the purpose of its creation would trigger the advanced therapy regulations.

The appropriate doctrinal response is not to make a choice between product law and medicines law as though only one
may apply. The two can work in conjunction with one another. Product liability examines whether a product that has
been deemed defective is the cause of harm that is compensable. The advanced therapy regulation examines whether a

product that is a medicinal product based on the use of genes, cells, or tissues is permitted to be developed, authorized,

23 Use of Artificial Intelligence in Enterprises, available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Use_of _artificial_intelligence_in_enterprises (last visited on June 5, 2026).

24 Regulation (EC) No 1394/2007 of the European Parliament and of the Council of 13 November 2007 on Advanced Therapy
Medicinal Products, art. 2.

%5 Advanced Therapy Medicinal Products: Overview, available at: https://www.ema.europa.eu/en/human-regulatory-
overview/advanced-therapy-medicinal-products-overview (last visited on June 7, 2026).
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and placed on the market, and be subject to regulation within the Union. These questions are in fact complementary,
and for xenobots, are even more necessary.?® Because a therapeutic bio-artefact may require very strict ex ante

regulation, it may also need a clear ex post liability regime in the event that harm is caused.
1.4.2 Medical Devices and Borderline Products

Some uses of xenobots may not be thought of as medicinal interventions, but as super specialized tools or delivery
mechanisms, especially where xenobots achieve their intended effects outside the realm of pharmacology, immunology,
or metabolism. In those instances, the Medical Device Regulation applies. The legal question would be whether a
xenobot is more analogous to a device, a medicinal product, or a hybrid of both.?” This would depend on such factors
as the intended purpose, the mode of action, the biological element's viability, and the extent of its integration with other

elements. By its nature, this would be a functional and contextual analysis, as opposed to a purely classificatory one.

The borderline complexity of these cases does not undermine the argument of threshold product status. On the contrary,
if anything, it supports the argument. A court resolving a dispute in private law cannot suspend a classification system
merely because the relevant regulation is complex. The question of liability also requires a legal starting point. Product
law provides that starting point, as it regulates the artefact as an engineered movable introduced into organised legal
order. Thereafter, in a given context, regulations dealing with specific sectors refine the legal implications. This system
is more coherent than assuming that all technologies that are medically adjacent would not be subject to product

classification.”®
1.4.3 Overlap, Legal Certainty, and Governance

The intersection of product liability and sector-specific regulation exemplifies the institutional implications of
uncertainty as a governance problem. Companies encounter technical risk and uncertainty as to what obligations and
supervision they will be subjected to. According to Eurostat data, among firms in the European Union who contemplated
the use of Artificial Intelligence technologies in 2025, one of the primary reasons for refraining from use was the
uncertainty of the legal implications. The same can be said for xenobots.? Investment may be lost, compliance strategies
be distorted, and insurance and market oversight be complicated to the detriment of all, due to uncertainty at an

indeterminate boundary.

The broader impact is highlighted in Figure 2. Within the economy of emerging technologies, legal uncertainty, now
and in the foreseeable future, has a measurable impact. In the case of xenobots, a layered model attempts to solve the
problem by separating the two distinct questions which are too often conflated. The first is whether the artefact is a
product for the purposes of liability law, and the second is which specialized biomedical regulatory framework governs
its construction and use. A clear separation of the two questions enables courts and regulators, as well as producers and

claimants, to avoid an all-or-nothing dispute and to articulate the issue within a clear and bounded framework.*

N
(=2}

Regulation (EC) No 1394/2007 of the European Parliament and of the Council of 13 November 2007 on Advanced Therapy
Medicinal Products, art. 2.

7 Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017 on Medical Devices, art. 2.

8 Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017 on Medical Devices, art. 2.
Christian von Bar, The Common European Law of Torts: Volume Two 201 (Clarendon Press, Oxford, 1 edn., 2000).

0 Use of Artificial Intelligence in Enterprises, available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Use_of _artificial_intelligence_in_enterprises (last visited on June 4, 2026).
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Reasons for Not Using Artificial Intelligence after Consideration in the European Union, 2025
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Figure 2. Reasons for not using Artificial Intelligence after consideration in the European Union, 2025.
In the creation of Figure 2, it can be noted that 70.89% of enterprises indicated that the main reason for refraining from
using artificial intelligence technologies was the lack of relevant expertise. The lack of understanding of legal
ramifications also indicated a high level of presence at 52.52%. This would suggest that the strong legal doctrine would
serve a practical purpose.®

15 COURT OF JUSTICE DOCTRINE ON PRODUCTS, DEFECTIVENESS, AND PROOF

The Court of Justice has not addressed questions related to xenobots, and the closest equivalent would be its product
liability jurisprudence. This case law illustrates the concept of ‘circulation’, the rationale of defectiveness, and the
evidentiary frameworks available when dealing with technologically complex cases where a product has caused

damage.*®
15.1 Product and Circulation in Medical Settings

In Case C-203/99, Henning Veedfald v Arhus Amtskommune™®, the Court stated that a defective liquid that prepared a
kidney for transplantation could fall under the defective products regime, even though it was provided in a medical
context. This case shows that participation in treatment does not automatically convert a tangible item into a service.
Product liability still has its role in the thing supplied and the risk it poses. For xenobots, that understanding is critical.
A Bioengineered artifact that is used in the medical field does not lose its status as a product, simply because it is used

in a professional context or is part of a treatment process.

A similar consideration can be drawn from Case C-127/04, Declan O'Byrne v Sanofi Pasteur MSD Ltd and Sanofi
Pasteur SA*, where the Court stated that circulation was the decisive event in the context of the application of the
Directive to a Vaccine. Here, the emphasis was not on the final cultural image of the product, but rather on when it was
made available to the market. This reasoning can easily be applied to xenobots. The real question is whether or not the

construct in question is engineered and has been placed in the market or made available in the course of a structured

w

1 Use of Artificial Intelligence in Enterprises, available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Use_of _artificial_intelligence_in_enterprises (last visited on June 3, 2026).

Duncan Fairgrieve, Product Liability in Comparative Perspective 93 (Cambridge University Press, Cambridge, 1% edn., 2005).
Case C-203/99, ECLI:EU:C:2001:258.

4 Case C-127/04, ECLI:EU:C:2006:93.
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activity. If the answer is affirmative, medicine's imaginative novelty should not eliminate the consideration of the

product.
1.5.2 Harmonisation and Legitimate Safety Expectations

A broader reading is also supported by the Court's interpretation of the defective products system. In Case C-183/00,
Maria Victoria Gonzalez Sanchez v Medicina Asturiana SA%, the Court viewed the directive as a harmonizing element
that frames the relationship of product liability in the European Union and national law. This harmonizing logic is
important because xenobots are definitely the emerging technology that can generate divergent national classifications
if courts lean too much on local intuitions. A consistent concept of a product is needed for the internal market and the

objective of the legislature in the context of modernity.

The general principle on defect in the context of high-risk medical products is still the joined decision in Joined Cases
C-503/13 and C-504/13, Boston Scientific Medizintechnik GmbH v AOK Sachsen-Anhalt - Die Gesundheitskasse and
Betriebskrankenkasse RWE®. The Court accepted that a potential defect, regarding safety for that class of products,
could be established for all implantable medical devices of the same group or production series. This line of thinking is
useful for xenobots because it takes into account the structure of risk and safety, rather than the need to show the same
defect and the same malfunction for every products. Where a technology is used in sensitive bodily contexts, public

safety expectations are and should be heightened.
1.5.3 Proof, Causation, and Doctrinal Adaptability

Novel technology may muddy the waters when assessing evidence, but the court has typically refrained from using
scientific obscurity to determine a blanket liability. In Case C-621/15, N. W. and Others v Sanofi Pasteur MSD SNC
and Others¥, the Court asserted that, due to the nature of the evidence, the proof of a defect and/or causation may still
be found if they are supported by serious and by specific and even consistent evidence, even if the scientific community
has not reached agreement. This is especially relevant for xenobots, where the risk of potential injury may remain
outside the bounds of standard modes of proof. The opinion in this case does not endorse speculation, but does appreciate
that the absence of proof in the legal sense does not equate to absence of proof in the scientific sense.

More recent doctrines have also emphasized the importance of flexibility rather than the presence of hard exclusion.
Case C-157/23, Ford Italia SpA v ZP and Stracciari SpA®, shows how liability for damages caused by products in the
context of the evolving law has placed more of an emphasis on the responsibility of the supply chain. Meanwhile, Case
C-338/24, LF v Sanofi Pasteur SA*, shows the importance of the limits, and the interface of the claims and the European
Directives, with regard to the litigation of progressive diseases and fault-based actions. The emerging scholarship on
product liability has also addressed more of an emphasis on the need to accommodate the concepts with regard to proof,
control and defects, in more complex products. This is especially applicable for xenobots, given that when the legal

distinction of a product is complicated, evidence should not be the overriding consideration.

% Case C-183/00, ECLI:EU:C:2002:255.

% Joined Cases C-503/13 and C-504/13, ECLI:EU:C:2015:148.
7 Case C-621/15, ECLI:EU:C:2017:484.

% Case C-157/23, ECLI:EU:C:2024:1045.

® Case C-338/24, ECLI:EU:C:2026:248.
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1.6 A LAYERED MODEL FOR CLASSIFYING XENOBOTS IN EUROPEAN UNION LAW

The doctrinal materials encourage balance when classifying xenobots. Classification should reject reductionism and
exceptionalism. Xenobots should be classified through a layered method. This method helps answer the threshold
liability question. This method helps determine the additional requirements of specialized biomedical frameworks.

These requirements are related to the lawful design, approval, and utilization of xenobots. *°
1.6.1 Presumptive Product Status

Xenobots associated with biomedical or commercial ventures should be classified as products under Directive (EU)
2024/2853. Such xenobots are constructed, capable of movement, and of indefinite circulation or first time use.
Assembling xenobots from living cells does not nullify the xenobots' product status. The revised Directive's reference
to software and digital manufacturing files implies that the Union's product laws extend to hybrid technologies. A

presumptive product approach is consistent with the text, structure, and purpose of Union's product laws.*

This assumption is also appealing from a normative perspective. Because of their experience and expertise with
controlled circumstances, producers are in a better position than the injured to understand the design pathways, modified
post-deployment conditions, and manage retained technical records, and insurance of systemic risks. European theory
of strict liability has traditionally considered these factors. Xenobots have not changed this theory.** On the contrary,
their complexity has made it even more persuasive. When an artifact integrates sophisticated design with a complex
biological behaviour, shifting the primary risk question to claimants through a negligence-only approach would weaken

the justification of product liability and undermines its protective function.
1.6.2 Hard Cases and Qualified Limits

A multi-tiered approach does not mean that individual xenobot cases are straightforward. Products at the research stage,
which are developed and used exclusively within a laboratory, may raise real concerns as to whether the product has
been “placed on the market” or “put into service” in the sense of the Directive. Open scientific collaboration may also
obscure the identification of the relevant economic operator, particularly where the design, assembly, and testing are
dispersed between different institutions. While these are real, doctrinal concerns, they are concerns of scope and
attribution. They do not warrant a restrictive product theory for commercially available or clinically used xenobots.*

When xenaobots are focused on tasks such as diagnosis or treatment within the body, medicinal law and device law could
create stricter guidelines than standard product law. The layered model accommodates that by treating sector-specific
qualification as a secondary stage. European tort literature has repeatedly demonstrated that there is no conceptual
contradiction when strict liability and specialized public law coexist. In the same way, if the law is to maintain

consistency amid innovation, patient protection, and market consolidation, the coexistence of the two is a necessity. **

40" Piotr Machnikowski, European Product Liability: An Analysis of the State of the Art in the Era of New Technologies 124
(Intersentia, Cambridge, 1% edn., 2016).

41 Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
art. 4.

42 Bernhard A. Koch and Helmut Koziol, Unification of Tort Law: Strict Liability 166 (Kluwer Law International, The Hague, 1%
edn., 2002).

43 Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
arts. 2 and 8.

4 Regulation (EC) No 1394/2007 of the European Parliament and of the Council of 13 November 2007 on Advanced Therapy
Medicinal Products, art. 2.

4 Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017 on Medical Devices, art. 2.
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1.6.3 Institutional Advantages of a Layered Approach

The layered model provides institutional clarity. Courts acquire a consistent foundation for liability, and regulators
maintain control to further classify therapeutic use. Producers map compliance with new substances. This is pertinent,
as the confluence of multiple legal systems creates uncertainty with no apparent gap in the regulation of emerging
technologies. The layered model requires product law to manage injury and defect, while sectoral health regulation

manages authorization, safety follow-up, and the desired therapeutic function.*

The model demonstrates the policy objective of maintaining technological credibility during the transition. In the
European Union, the potential of legal jeopardy is stalling the use of technology. Xenobots established a clear
threshold.  In not prejudging borderline biomedicals, the Xenobots would improve the design of insurance,
responsibilities for record-keeping, the predictability of litigation, and market surveillance. The revised directive makes
it possible. The courts and the regulators must use it with enough confidence.

1.7 CONCLUSION

Xenaobots test whether it is possible to classify a living, engineered artefact under European Union law without either
collapsing into biological formalism or technological exceptionalism. Arising from the revised defective products
regime, a better answer is that functional product status is generally the first legal answer, as opposed to the last, open

question.*®

Directive (EU) 2024/2853 materially reshapes the discussion. By broadly defining product to specifically include
software and digital manufacturing files and including post-market controls and technologically complex defectiveness,
it makes it more difficult to argue that a commercially offered xenobot, because it is biologically embodied, falls outside
product liability. The Court of Justice's case law further supports that argument by treating product status functionally,
recognizing the expectation of a high level of safety concerning risky medical technologies, and permitting evidential
flexibility where the complexity of a case would otherwise impede compensation. A xenobot purposefully designed,
built, and commercially offered is best understood as a product in law.*

However, that conclusion does not eliminate complexity further downstream. Therapeutic use may still require a legal
determination of whether the xenobot qualifies as a medical product, falls under the advanced therapy medicinal product
regulation, or is a medical device. These, however, are second-stage issues. The most coherent and consistent legal
doctrine is layered, where product status determines the threshold issue of liability, and the rest is governed by sector-
specific frameworks. This doctrine effectively balances the interests of claimants and helps to ensure that European

Union law can engage systematically with biohybrid innovation.*

4 Expert Group on Liability and New Technologies, “Liability for Artificial Intelligence and Other Emerging Digital

Technologies” 42 (2019).

Use of Artificial Intelligence in Enterprises, available at: https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Use_of _artificial_intelligence_in_enterprises (last visited on June 6, 2026).

8 Christian von Bar, The Common European Law of Torts: Volume Two 215 (Clarendon Press, Oxford, 1% edn., 2000).

° Directive (EU) 2024/2853 of the European Parliament and of the Council of 23 October 2024 on Liability for Defective Products,
arts. 4, 7 and 10.

0 Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017 on Medical Devices, art. 2.
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1.8 SUGGESTIONS

As engineered living constructs occupy a unique position in the convergence of product liability, biomedical regulation,
and governance of emerging technologies, certain provisions would provide enhancements in legal predictability and
protection of claimants in relation to EU courts, regulators, producers, insurers, and claimants, and would enhance

regulatory coherence.

1. Clarify threshold product status: European Union guidance should clarify that, in commercial or clinical
settings, engineered living constructs would presumptively be considered products if they are moveable and the result
of intentional, systematic production. This would facilitate greater legal certainty and reduce unnecessary compliance
expenditures.

2. Issue joint borderline guidance: The European Commission, European Medicines Agency, and medical device
authorities should develop a common guidance document regarding Xenobot-like artifacts. In this case, coordinated
guidance would better address the issue of regulatory overlap than guidance documents issued independently.

3. Define traceability obligations: Manufacturers should retain their biological, computational, and manufacturing
records in a manner usable for future litigation and regulation. Where causation is likely to stem from the interaction of
various design and assembly/deployment conditions, traceability is of the utmost importance.

4, Treat software architecture as part of the product: Xenobot product architecture should consider digital design
files, control systems, and calibration tools as components of a system. This is in line with the revised directive, which
integrates software and digital design files into the production system.

5. Develop post-market monitoring duties: Clinically applicable xenobots should undergo systematic post-market
surveillance to identify new behaviours, failures, and harmful biological interactions. This is because risk is typically
unrecognized until after launch.

6. Strengthen disclosure mechanisms: Countries implementing the revised directive, need to create an
environment for claimants where serious informational asymmetry exists, to make meaningful disclosures. In the
absence of critical technical information, formal compensation rights remain weak.

7. Preserve complementary fault-based claims: National fault-based actions should remain available for conduct
such as reckless, or deceitful representation of safety, that are not fully described in the defect analysis. This is especially
important in a research context.

8. Coordinate insurance development: Biohybrid technologies pose uncertain, yet potentially serious, risks. The
development of new insurance products in bio-hybrid technology markets should be supported. Insurance design should
be based on the improvement of compensation and responsible risk-taking by producers.

9. Link regulatory findings to private law: When evaluating claims of defectiveness, judges ought to be permitted
to rely on the results of safety and use assessments, as well as the results of regulatory tests. Enhanced communication
would limit redundancy and enhance logic.

10. Review the framework after early deployment: When xenobot-like products expand towards clinical and/or
commercial use, the European Union should pursue a concentrated examination of liability and sectoral regulation. An
early review would help remedy the gaps prior to the establishment of entrenched, disparate national practices.
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