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General discussion
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Nutritional therapy plays a central role in managing IMDs, often serving as a foundational 

management strategy. The products used are primarily food-grade, but vary widely 

in type and purpose, ranging from disease-specific amino acid mixtures to specific 

vitamins, such as pyridoxal-5’-phosphate (PLP), which functions as antiepileptic 

monotherapy in some inborn errors of the vitamin B6 metabolism and is vital for 

preventing life-threatening seizures.1 Along this spectrum, the distinction between food 

and medicine becomes increasingly blurred. This thesis therefore aimed to bridge the 

gap where food meets medicine in IMD management, by examining how regulatory 

classification impacts clinical practice and patient access. It combined regulatory and 

clinical analysis, evidence-based assessments and expert consensus to define essential 

NTPs and explore pathways to improve sustainable access to safe and affordable 

treatments for IMDs.

Distinguishing food from medicine in IMD management
A first step in navigating the regulatory landscape of NTPs in IMD management was 

understanding the distinction between food and medicine and determining which 

NTPs act as one or the other. While this may seem primarily a conceptual issue, it has 

significant implications for patient access to safe and effective treatments, as outlined 

in part I of this thesis. Medicines are regulated to mitigate risks and ensure quality 

and safety standards. Many NTPs entered clinical practice because they were readily 

available as nutrients at a time when treatment options were scarce, a situation that 

persists for many IMDs and other rare diseases today.2 While this historical context 

explains current practice, it does not justify its continuation where NTPs serve a 

therapeutic role comparable to medicines. It is therefore important to determine if and 

when NTPs function as medicines, as the patients dependent on them deserve the same 

regulatory safeguards to ensure their quality, safety, and effectiveness.

In making this distinction, the lack of academic consensus on terminology for 

these products is a complicating factor.3-5 There are regulatory classifications, but 

these do not always align with the practical reality of IMD management, as chapter 2 

explored. This disconnect is evident also in clinical guidelines, with NTPs labelled as 

“pharmacotherapy” based on function despite lacking authorized medicines, yet also 

described as “supplementation”, even when medicinal forms of the specific NTP exist.6,7 

In one of the few academic classifications of nutritional therapy for IMD management, 

Camp et al. categorizes them as follows: 1) products that provide the bulk of nutrition, 

tailored for specific disorders and excluding offending amino acids; 2) low-protein 

modified products; and 3) single amino acids, amino acid mixtures, vitamins, or other 

nutrients used to replace conditionally essential nutrients or to enhance enzyme activity.3

This thesis focuses on products that fall within the third category. Initially, this 

group of NTPs was defined in chapter 2 as manufactured nutrient substances used 
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in managing IMDs. In chapter 6 this definition is further refined to orally administered 

products containing a single active ingredient, as these can be linked to a defined 

therapeutic effect and may qualify for medicinal authorization, whereas non-oral 

products are already regulated as medicines and fall outside the scope. Camp et 

al. place amino acid mixtures in the third category of nutritional therapy and do not 

distinguish these from NTPs as defined in this thesis. These mixtures, however, are 

typically intended to meet nutritional requirements rather than to produce a targeted 

therapeutic effect, and are often formulated to exclude a disease-specific amino acid. 

This means the first and third category proposed by Camp et al. overlap.

Greater consistency in how these products are classified may help reduce such 

ambiguities. A practical framework could distinguish three categories: (1) specialized 

nutritional formulas, such as amino acid mixtures, formulated to meet (disorder-specific) 

nutritional requirements; (2) modified foods, such as low-protein products, allowing the 

consumption of common foods while maintaining dietary restrictions; and (3) nutritional 

therapy products (NTPs), such as single vitamins or amino acids, defined here as 

single, orally administered nutrients used for a targeted metabolic or therapeutic effect. 

Reaching agreement on such terminology would ideally require a formal consensus 

process within the IMD field, for example through a Delphi procedure, to establish a 

classification that is broadly supported and adopted in academic discourse and policy 

discussions.

Importantly, the classification of foods for special medical purposes (FSMPs) 

does not resolve this ambiguity. FSMP is a regulatory designation that may apply to 

products across all three categories described above, depending on how they are 

produced and marketed. FSMPs are intended for “dietary management” and are not 

designed or permitted to allude to treating disease. They were developed to provide 

regulatory oversight for the first proposed category, namely specialized nutritional 

formulas. Consequently, FSMP regulation lacks the active, centralized safety and quality 

monitoring applied to medicinal products and is therefore not suitable to safeguard the 

quality, safety and effectiveness of medication-like NTPs.

Currently, the research on nutritional therapy remains fragmented. There are few 

studies on amino acids mixtures, mainly focused on composition analysis.8-11 For Camp’s 

second category, low-protein foods, there is some research focusing on reimbursement 

and access challenges.12-15 By contrast, single-ingredient NTPs, which function more 

like medicines, have received less systematic attention, leaving questions of patient 

access and safety monitoring insufficiently addressed. Similar gaps exist in other 

disease domains where NTPs are used, such as nephrology, where mineral products 

can be essential to treatment, but face ongoing access challenges because they lack 

authorized medicinal status.16
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Safety and effectiveness of NTPs
The positioning of NTPs as food rather than medicine has direct consequences for 

their safety and effectiveness monitoring. Food-grade NTPs generally fall outside 

formal pharmacovigilance systems, meaning adverse effects are not systematically 

captured and often rely on isolated case reports. This fragmented reporting increases 

the risk of under-recognition of safety signals and can delay the implementation of 

appropriate precautions. The case of pyridoxal-5′-phosphate (PLP) illustrates these 

concerns. Although PLP is used as essential antiepileptic monotherapy in a subset 

of PNPO deficiency patients, it is most often a food supplement that lacks structured 

safety monitoring.17 Reports of adverse effects, such as those described in chapter 4 

of this thesis, depend largely on individual clinician reporting. Recently, risks of severe 

hepatotoxicity and hepatocellular carcinoma associated with long-term high-dose PLP 

therapy have emerged.18 This leads to a complicated clinical dilemma, as survival in 

PNPO deficiency depends on early, sustained treatment.

Beyond these safety considerations, the regulatory positioning of NTPs also 

exposes a second structural vulnerability: a limited and uneven evidence base for 

their effectiveness. In chapter 6, only 29 of the 165 assessed NTP applications in IMD 

management (17.6%) were supported by level 3 evidence and in most cases this was due 

to a very strong treatment effect, not prospective data. This challenge is not confined to 

nutritional therapy: the rarity and heterogeneity of IMDs means randomized controlled 

trials (RCTs) are often infeasible, and therefore many IMD therapies and guideline 

recommendations regarding their use are based on case reports, small studies, or expert 

opinion.19-21 This reflects a broader issue in rare disease treatment, where evidence 

generation is more difficult due to small and heterogeneous patient populations, 

incomplete natural history data, and a lack of clinically meaningful endpoints.22,23

In the EU, orphan medicinal products (OMPs) intended for rare diseases are 

frequently approved on the basis of relatively weak evidence.22 In this setting, clinicians 

and academic experts play a critical role in generating real-world evidence and in 

defining acceptable thresholds for clinical use.21,23 Metabolic experts have effectively 

followed similar principles when implementing NTPs in clinical practice, albeit in a less 

structured manner. The evidentiary thresholds applied to OMPs may therefore also be 

attainable for certain NTPs with sufficient data supporting their effectiveness. Chapter 

8, for instance, illustrates that this may be the case for riboflavin (RF) in the treatment 

of RF transporter deficiencies.

At the same time, approaches commonly used in OMP development, such as 

comparisons with natural history cohorts, could help strengthen the data supporting 

NTP use. Optimizing real-world evidence generation, for instance by utilizing existing 

European collaborative networks such as the European Reference Network for 

Hereditary Metabolic Disorders24 (MetabERN), could provide a realistic approach to 
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improved monitoring of both the safety and efficacy of NTPs, with or without formal 

regulatory review and authorization.

Better evidence for NTP effectiveness could also help guide more rational use of 

these therapies in increasingly complex diagnostic settings. Advances in newborn 

screening and genomic sequencing now identify many variants of uncertain significance 

(VUS) and biochemical abnormalities without clear clinical manifestations.25,26 In such 

situations, improved evidence on treatment response and natural disease course may 

help distinguish patients who are likely to benefit from NTP therapy from those in whom 

treatment may be unnecessary.

Where food meets medicine: restructuring the in-between?
As this thesis has shown, NTPs occupy a regulatory grey zone between food and 

medicine, even when they are essential and functionally equivalent to medicinal 

products. To safeguard patient needs, these products should be consistently available, 

demonstrably safe and effective, of pharmaceutical quality and financially accessible. 

Authorizing NTPs as medicinal products could facilitate improvements on most of 

these aspects. However, in very small patient populations, development and regulatory 

costs are difficult to recoup, even with orphan incentives.27 Experience with OMPs 

demonstrates that formal approval may be accompanied by substantial price increases, 

undermining affordability and thereby reducing patient access.28-31

One proposed alternative is the establishment of a regulatory category outside of 

the conventional authorization pathway that safeguards these NTPs as “pharmaceutical 

commons”. This concept, introduced by Hendrickx and Dooms, concerns well-

established, food-related ingredients with clinical evidence for their use in rare 

diseases.32 Drawing on the historical notion of “commons”, which were natural resources 

held and governed collectively for societal benefit, pharmaceutical commons would be 

safeguarded from private exclusivity and excessive price escalation. As pharmaceutical 

commons, NTPs could be made available by pharmaceutical compounding, improving 

their quality and suitability for use in IMD management while preserving affordability.32

However, this approach does not address all concerns surrounding the safety and 

effectiveness of NTPs. Quality may remain variable, as compounded preparations are 

not uniformly subject to harmonized GMP standards and production oversight can 

differ between settings.33-35 In addition, compounded preparations are not automatically 

incorporated into formal pharmacovigilance systems. The occurrence of HCCs 

during long-term PLP therapy illustrates that NTPs cannot be presumed safe solely 

because they are nutrients.18 Strengthened, and ideally internationally coordinated 

adverse event reporting would therefore also be needed, effectively creating a parallel 

pharmacovigilance system to support a pharmaceutical commons model.33
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In addition, this framework does not inherently provide structured pre- or post-

marketing evaluation of effectiveness comparable to that required for authorized 

medicinal products, leaving uncertainties regarding clinical benefit insufficiently 

addressed. EU-wide access and reimbursement may also pose challenges. As chapter 9 

outlines, magistral and officinal preparations primarily enable local access, as they may 

only be supplied to patients of the preparing pharmacy and cannot be broadly distributed 

or exported.36 Moreover, their costs are not always consistently covered by healthcare 

systems, meaning that improved quality and availability through compounding may not 

automatically translate into improved patient access.

A novel pathway: Medicinal Nutrient Products (MNPs)
An alternative to creating a pharmaceutical commons system separate from the 

conventional authorization of medicinal products would be the introduction of a tailored 

subcategory within the existing EU medicinal product framework. Before proposing 

the creation of a novel regulatory subcategory, however, it is important to clarify why 

the existing regulatory pathways are not sufficient. The orphan regulation and approval 

under conditional or exceptional circumstances show that evidentiary and procedural 

requirements can be adapted to small populations and limited datasets, but were 

designed to incentivize innovation rather than to safeguard (the affordability of) well-

established substances.22,37,38 The well-established use application allows authorization 

based on bibliographic evidence, thereby lowering development costs, but presupposes 

prior recognition of the substance as a medicinal product.36,39-41 Most essential NTPs 

lack such a history, as they have long been positioned as foods or supplements.

Though ambitious, the creation of a tailored subcategory may offer the most ideal 

long-term response to the challenges identified. For essential NTPs, a dedicated 

category of Medicinal Nutrient Products (MNPs) could build on the logic of OMPs and 

well-established use. MNPs would comprise nutrients that fulfil the functional definition 

of a medicinal product and are well-established in the treatment of orphan diseases. This 

would allow inclusion of non-IMDs in which nutrients function as essential medicines, 

including nephrological disorders such as tubular acidosis (OMIM#179800, #267300, 

#602722, #179830) requiring potassium therapy, and specific genetic neurological 

disorders such as ataxia with vitamin E deficiency (AVED, OMIM#277460), while clearly 

distinguishing niche therapeutic use from general nutritional supplementation.42,43

Regulatory approval for MNPs could blend elements from well-established use and 

conditional approval pathways. Initial authorization would require a predefined threshold 

of bibliographic and observational data, followed by mandatory post-marketing 

reassessment, potentially embedded within international reference networks.38 Although 

limited evidence can be problematic for innovative medicinal products, for MNPs it 

is important to remember that the substances in question are already in clinical use; 
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evidentiary requirements should therefore be structured yet proportionate.22 Shifting 

some of these requirements to the post-marketing phase does not only facilitate market 

access, but would also stimulate increased evidence generation for the safety and 

effectiveness of NTPs.

The category of MNPs would be particularly suitable for relatively straightforward 

formulations, where the therapeutic effect derives from the nutrient itself and does 

not require advanced pharmaceutical modification. In such cases, bibliographic 

data combined with structured post-marketing monitoring may reasonably support a 

positive benefit–risk balance. For products requiring substantial reformulation, such 

as a potential slow-release formulation of PLP to reduce the required daily dose and 

thereby lessen its hepatotoxicity, the conventional medicinal product pathway would 

likely remain more appropriate.

Beyond evidentiary design, the institutional architecture might be central to 

achieving sustainable patient access to MNPs. In a more transformative application 

of the pharmaceutical commons philosophy, a public or semi-public EU entity could 

be the dedicated marketing authorization holder for MNPs. This entity would assume 

responsibility for regulatory compliance, pharmacovigilance, and lifecycle management 

under a public-interest mandate, thereby decoupling mission-driven stewardship from 

profit-driven incentives. Transparent governance structures and the incorporation of 

socially responsible terms such as those outlined for public-private partnerships in 

chapter 10 of this thesis would be essential to ensure accountability and legitimacy. 

These safeguards are particularly important because, although such a model would 

require substantial public investment, it may ultimately reduce societal costs by ensuring 

sustainable access to MNPs at socially responsible prices.

To further address affordability and equitable EU-wide access, centralized or 

coordinated production could be considered. A publicly governed manufacturing 

facility could supply both finished MNPs and, where feasible, active pharmaceutical 

ingredients (APIs). Alternatively, manufacturing could take place through a rare disease 

manufacturing cooperative involving academic hospitals and licensed pharmacies. 

Centralized production may reduce duplication of regulatory and manufacturing costs, 

and limit excessive pricing in ultra-small markets.

A transparent cost-based pricing model could also be applied to MNPs supplied 

through this route.44 This consideration is particularly relevant here, as many MNPs 

are characterized by well-established use. In such cases, value-based pricing is less 

relevant because their clinical value is not in question. Instead, cost-based pricing can 

help ensure sustainable supply at a price proportionate to the costs incurred. Combined 

with centralized production, this may support reimbursement by limiting budget impact 

and increasing price transparency. As authorized medicinal products, MNPs would 

enter established reimbursement pathways, remaining subject to national or joint 

11
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EU health technology assessment processes.45,46 However, assessment approaches 

may need to be adapted, as conventional cost-effectiveness analyses may be less 

informative for products with well-established clinical benefit and cost-based pricing. 

Alignment between proportional evidence requirements, coordinated post-marketing 

data collection, and transparent pricing could improve acceptability for payers.

Finally, a centrally coordinated MNP production model operating under a transparent, 

cost-based pricing system could generate limited profits. A predefined share could be 

pooled into a dedicated fund supporting regulatory assessment and lifecycle obligations 

for new MNP applications, or even the development of more complex nutrient-based 

therapies requiring reformulation or additional clinical evidence.47 Initial capitalization 

could be complemented by reallocation within existing EU health programs, creating a 

self-sustaining portfolio in which relatively straightforward, low-risk MNPs help finance 

development that is scientifically necessary but commercially unattractive.

Global perspective on patient access to NTPs
This thesis mainly focuses on the regulatory and clinical challenges surrounding patient 

access to NTPs in Europe. In the United States (US), a similar legislative framework 

governs these products, albeit with slight differences in terminology.3,48 Patient access 

to NTPs in the US is equally challenging: the sourcing and reimbursement of medical 

foods can be highly variable and associated with significant out-of-pocket costs for 

patients.48,49 For other high-income countries, limited research exists on the specific 

regulatory frameworks affecting NTP access. However, there are indications that similar 

challenges are present globally. In Japan, for example, access to some food-grade NTPs 

is reportedly problematic: citrulline for UCD management is not available as a medicinal 

product in Japan and patients therefore purchase it directly from the Japanese Society 

for Inherited Metabolic Diseases.50 This is thought to reduce its use.

In low- to middle-income countries (LMICs) such as India and Pakistan, NTPs 

used for IMD management are often unavailable.51-53 The high cost of importing these 

treatments, coupled with the lack of reimbursement, makes them unaffordable and 

limits patient access. However, IMDs are both more prevalent and more deadly in 

these regions, partly due to higher rates of parental consanguinity, which increases 

the incidence of genetic disorders, and partly due to limited access to diagnostic tools, 

delayed diagnoses, and a lack of treatment options.54 Access to OMPs also remains 

limited in LMICs, although their inclusion on the World Health Organization (WHO) Model 

List of Essential Medicines is slowly rising.55 High costs and uncertain clinical benefits 

have resulted in the exclusion of many OMPs from this list.55

With the increasing efforts to expand newborn screening in LMICs, the need for 

access to affordable, effective treatments becomes even more urgent.56-58 NTPs may 

offer a more accessible and cost-effective treatment option compared to novel OMPs, 
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which often require recouping high research and development (R&D) costs. In this 

context, the MNP model described above could have global relevance. A centrally 

coordinated EU production facility may generate limited, capped profits through 

economies of scale, for instance by pooled procurement or in-house production of 

APIs. A defined share of these margins could be earmarked either for reinvestment into 

further development, as outlined above, or for structured access mechanisms in LMICs.

These could include differential pricing based on national income levels, or financial 

and technical support for establishing regional GMP-compliant production capacity, 

ideally in hubs that serve multiple neighbouring countries.59 Similar tiered or equity-

based pricing strategies and international cooperation initiatives have been successful 

in global access programs for vaccines and antiretrovirals.60-63 However, geographic 

and infrastructure constraints complicate medicine distribution in remote areas; regional 

production hubs for NTPs may therefore be more sustainable than central export alone.64 

By embedding principles of proportional regulation, public stewardship, and cost-based 

pricing, the MNP framework may contribute not only to European sustainability, but also 

to a more equitable global distribution of essential nutrient-based therapies.

The introduction of such extensive policy reform as the MNP framework would 

be a long-term strategy, requiring structural adjustments to the current regulatory 

and economic framework, which would inevitably encounter political and stakeholder 

resistance. Yet policy innovation literature reminds us that meaningful reform requires 

moving beyond fixing market failures toward imagining and shaping systems that 

better serve societal needs.65 The approach outlined here may offer one such pathway, 

bridging the gap where food meets medicine to address the unmet needs of IMD 

patients dependent on NTPs in the EU and beyond.

11
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