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Background: Exosomes are nanosized extracellular vesicles involved in intercellular communication. The composition, regulatory
status, and scientific support of commercially marketed “exosome-based” products are highly variable, creating challenges for
clinicians seeking safe and evidence-informed options in dermatology and aesthetic practice.

Objective: The Reliability Tier Classification System (RTCS) was developed to support clinical decision-making. It was designed as
a framework-based tool that categorizes exosome-based products and devices intended to enhance exosome release into four reliability tiers.
Methods: The RTCS comprises two components: (A) Descriptive Product Classification, and (B) Hierarchical Categorization
Algorithm. The first component assesses four domains: (1) regulatory authorization status; (2) origin; (3) manufacturing transparency;
and (4) peer-reviewed scientific evidence. The second component assigns four reliability tiers (I-IV).

Results: RTCS output standardizes nomenclature for regulatory status (DRUG, MD, COS, NA), origin (AUTO, ALLO, XENO,
MIM), and manufacturing reliability (composite transparency score: labeling accuracy, certification disclosure, manufacturing condi-
tions, availability of published clinical evidence, regulatory setbacks, and availability of a detailed exosome production protocol).
Conclusion: This clinician-facing tool provides a structured approach to appraising marketed exosome-based products in a rapidly
expanding, variably documented marketplace, not yet clinically validated. It is designed to be updateable as regulatory policies and
scientific evidence evolve and may serve as a pillar for future implementation and validation.
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Introduction

Exosomes are nanosized extracellular vesicles (EV) (30-150 nm) released by most cell types and involved in inter-
cellular communication through the transfer of proteins, lipids, and nucleic acids." Their potential as therapeutic agents,
drug-delivery vehicles, and biomarkers has accelerated the commercialization of exosome-based products, particularly in
regenerative medicine and aesthetics.” However, despite rapid market growth, no exosome-based therapies have received
approval from the US Food and Drug Administration (FDA) or the European Medicines Agency (EMA) for human use,
and the regulatory status of marketed products remains heterogeneous.’

In clinical practice, this creates a disconnect between increasing patient demand and limited regulatory and
evidentiary clarity. This is particularly relevant in aesthetic medicine, where products are frequently marketed across
jurisdictions and routes of administration. In many settings, injectable use is restricted to specific regulatory pathways,
and autologous preparations are treated differently from non-autologous products.

This regulatory heterogeneity is not limited to the United States and Europe. Recent reviews highlight that East Asian
jurisdictions have also adopted distinct approaches to EV and exosome-based products. In Japan, regulation involves the
Ministry of Health, Labour and Welfare (MHLW) and the Pharmaceuticals and Medical Devices Agency (PMDA); in South
Korea, the competent authority is the Ministry of Food and Drug Safety (MFDS); in Taiwan, oversight is provided by the
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Taiwan Food and Drug Administration (TFDA); and in China, the National Medical Products Administration (NMPA),
together with the Center for Drug Evaluation (CDE), is responsible for drug evaluation and advanced therapeutic product
oversight.* Although regulatory pathways differ across these jurisdictions, common concerns include product origin,
manufacturing control, isolation and purification methods, quality consistency, safety evaluation, and documentation of
intended clinical use.>*® This fragmented international landscape reinforces the need for a practical framework that integrates
regulatory status, manufacturing transparency, and evidence availability across regulatory environments.

In contrast, numerous commercial offerings are marketed with ambiguous claims or incomplete documentation
regarding composition, origin, and intended mechanism of action. Commercial products labeled as “exosomes” vary
widely,®® and provide incomplete information on vesicle origin, manufacturing conditions, and supporting evidence,
creating practical challenges for clinicians who must distinguish credible products from poorly documented offerings.>’
While emerging clinical data suggest a low incidence of serious adverse events with EV—based interventions, the evidence
remains limited and heterogeneous, and risk profiles may differ across product types and sources.'® This variability
complicates clinician interpretation and limits the ability to extrapolate safety and clinical relevance across products.’

For dermatologists and aesthetic physicians, a practical challenge is not whether exosomes are scientifically interesting, but
how to appraise marketed products in day-to-day practice. What is the product regulatory category? Is the labeling accurate and
verifiable? Are manufacturing conditions transparent? Is there peer-reviewed evidence supporting the intended indication? In this
context, conventional exosome classification approaches (eg, by size, biogenesis, or cell of origin) are not designed to support
clinical decision-making for marketed products."®” There is a need for a pragmatic tool that integrates regulatory status,
documentation transparency, and scientific evidence to support structured product appraisal.

Framework-based classification systems have been successfully used in other therapeutic fields to support healthcare
decision-making under market complexity.''"'? Inspired by these approaches, and by reports highlighting transparency
gaps in direct-to-consumer secretome and exosome-related interventions,” we developed the Reliability Tier
Classification System (RTCS) to classify marketed exosome-based products and devices using standardized nomencla-
ture, and to categorize them into reliability tiers (I-IV) based on regulatory authorization, evidence availability, and
manufacturing transparency.

Materials and Methods

The RTCS consists of two complementary components: the Descriptive Product Classification and the Hierarchical
Categorization Algorithm.

RTCS Descriptive Product Classification

Based on scientific, regulatory, and practical considerations, a product classification was developed. It describes the
intrinsic and regulatory characteristics of marketed exosome-based products and devices. Four evaluation domains were
defined as follows: 1) Regulatory authorization status; 2) Origin; 3) Manufacturing transparency; 4) Peer-reviewed
scientific evidence. Domain identification was based on a literature review and regulatory documentation.

Regulatory Authorization Status
Product authorization status was selected as a domain because its application options depend on it.'*> Most exosome-
based products are either in the early stages of regulatory approval or in the basic science translational research stage.'*
Exosome-based products are classified following the European Medicines Agency (EMA) or the Food and Drug
Administration (FDA), as DRUG when authorized as drugs, as MD when authorized as medical devices, as COS when
authorized as cosmetics, or as NA when not authorized (Figure 1). In countries such as Japan and South Korea, the
methodology for obtaining EVs and their sources is relevant to the definition of EV drugs. In Japan, cell and gene therapy
products containing living cell components are categorized as “regenerative medical products” and subject to a unique
conditional and time-limited approval system.'> EVs that do not contain living cell components are typically categorized
as drugs that act primarily through pharmacological, immunological, or metabolic mechanisms.'® Under a regulatory
framework, this implies that similar cells produce the same drug via the same method of preparation, and that the EVs’
function derives from their function in the parent cell. This situation raises regulatory concerns, as product validation
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Figure | Hierarchical decision-tree core and secondary criteria algorithm. Products are first evaluated for regulatory authorization. Non-authorized products are assigned
to Category IV (no reliability). Authorized products are subsequently assessed for the availability of peer-reviewed scientific evidence for the intended indication and route of
administration. In the absence of evidence, products are assigned to Category Ill (very low reliability). Evidence-supported products are then evaluated against predefined
manufacturing transparency criteria. Products fulfilling all criteria are assigned to Category I. In contrast, products that do not meet all transparency criteria are assigned to
Category Il and further subclassified as lls (meeting all three core criteria) or Ili (not meeting all core criteria). Regulatory flags are displayed in the classification layer as an
asterisk and explained in the report; they do not alter reliability categories.

remains a challenge alongside noncellular characterization and purification selectivity. However, despite the growing
marketing of EVs, the regulation of EV-based cosmetics remains largely absent in these countries.’

Regulatory warnings or enforcement actions will be annotated as either regulatory warnings or formal enforcement
actions (RW), or regulatory observations or minor compliance issues (RO). These cases will be identified with an
asterisk, and a detailed explanation of each case will be provided in the classification report (Figure 1). They do not alter
the authorization status, but provide additional transparency into regulatory performance and oversight, and allow
differentiation between fully and conditionally compliant products.

Origin
Exosome-related products may include human-derived exosomes, non-human exosomes, or exosome mimetics. Human-
derived exosomes from the same individual are autologous; those from another individual are allogeneic. Exosomes from
other species are xenogeneic; they can include animals, plants, or even bacteria.® Exosome mimetics are nanoparticles
coated with cell membranes that mimic exosomes.”® Naive exosomes are naturally produced by cells, whereas
engineered exosomes are loaded with materials such as proteins, nucleic acids, and other biomolecules.'”'®

The exosome origin was selected as a domain because it often determines the safety and effectiveness of the product.
Human exosome-based products are classified as AUTO (autologous) if the donor and recipient of the exosomes are intended
to be the same, or as ALLO (allogeneic) if not. According to the production methodology, they can be further identified as
naive (n) or engineered (¢). Non-human exosomes are classified as XENO (xenogeneic) and subcategorized as animal (a), plant
(p), or bacterial (b) according to the organism that gave them origin. Finally, products based on proteins, vesicle fractions,
synthetic compounds, or hybrid structures, designed to mimic exosome functionality, are classified as MIM (Table 1).
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Table | A Reliability Tier Classification System (RTCS) Descriptive Product
Classification

Domain Code Definition
Regulatory Status DRUG Medicinal product

MD Medical device

COS Cosmetic product

NA No regulatory authorization
Exosome Origin AUTO Autologous

ALLO Allogeneic
XENO Xenogeneic
MIM Mimetic
e/ n/ al p/ b | Engineered/ Naive/ Animal/ Plant/ Bacteria

Manufacturing Reliability 0-6 Composite transparency score

Manufacturing Transparency

This domain was selected because, though manufacturers must provide true information to their customers, that is not
always the case for exosome-based products. The optimal information source must be valid (with clear, high-quality
data), relevant (clinically applicable), comprehensive (covering all benefits and harms of all possible interventions), and
user-friendly (quickly and easily accessible and usable).'” Relevant information on manufacturing conditions, patient and
physician feedback, or regulatory setbacks should be considered before deciding to use a product.?’

Manufacturing transparency was evaluated through 6 predefined criteria. “Certification disclosure”, “accurate label-
ing” and “manufacturing conditions” were defined as core criteria, while “availability of published clinical evidence”,
“regulatory setbacks/history” and “detailed exosome production protocol” were defined as secondary.

The proposed classification includes a graded system to report the number of criteria manufacturers meet, yielding
a single composite score ranging from 0 to 6, calculated as the sum of the points for transparency indicators for which
verifiable information is available (1 point each) (Table 1).

Peer-Reviewed Scientific Evidence

Peer-reviewed scientific evidence, provided through scientific articles published by peer-reviewed, indexed journals, is
always essential to any reliability assessment tool. Despite their massive therapeutic potential, exosomes are complex,
heterogeneous, and relatively new in clinical applications. Without rigorous data, companies face significant risks in
regulatory approval, safety, and market adoption.

RTCS Hierarchical Categorization Algorithm
This algorithm categorizes the reliability of commercially available exosome-based products and devices (including those
intended for preconditioning samples to enhance exosome release) in a four-tier (I-1V) list. Tiers reflect progressively
decreasing regulatory robustness and scientific support (Table 2 and Figure 1). Products in tier I are the most reliable, and
those in tier IV are the least reliable.

The algorithm was built as a hierarchical decision-tree model, with the decision logic operating sequentially.

Table 2 RTCS Categorization Proposal

Category Definition

| HIGH reliability Authorized

Enough peer-reviewed evidence

Full manufacturing transparency

(Continued)

4 https: Clinical, Cosmetic and Investigational Dermatology 2026:19



Pinto and Sanchez-Vizcaino Mengual

Table 2 (Continued).

Category Definition

lls MEDIUM reliability Authorized
Enough peer-reviewed evidence
INCOMPLETE transparency WITH sufficient documentation

i LOW reliability Authorized
Enough peer-reviewed evidence
INCOMPLETE transparency WITHOUT sufficient documentation

L} VERY LOW reliability | Authorized
NOT ENOUGH peer-reviewed evidence

v NO reliability NO regulatory authorization

* Regulatory flag RW/RO

Abbreviations: RW, regulatory warning or formal enforcement action; RO, regulatory observation or minor compliance issues.

Results
Clinician-Facing RTCS Input Level

Descriptive Product Classification (RTCS first component) assesses and reflects the documentary reality of the evaluated
exosome-based product.

Regulatory Authorization Status
e Inputs: regulatory authorization status (FDA, EMA, and national competent authorities). History of regulatory
setbacks (warnings and observation/enforcement actions).

Origin
¢ Inputs: declared exosome origin. Subclassification: naive or engineered production, animal, plant, or bacteria of
specific origin.

Manufacturing Transparency
e Inputs: binary assessment (met/not met) for each predefined indicator to form a composite transparency score,
which is equal to the number of indicators with accessible, product-specific, and internally consistent documenta-
tion. When evidence is provided only as marketing statements without verifiable documentation, the indicator is
scored as not met.

Peer-Reviewed Scientific Evidence
e Input: peer-reviewed evidence of availability that supports the marketed intended indication and route of administration.

RTCS Descriptive Product Classification provides the necessary information to enter the RTCS Hierarchical
Categorization Algorithm. This is a deterministic, rule-based decision tree intended for rapid clinician appraisal of
marketed exosome-based products and devices. The algorithm uses three sequential gates to assign categories: (1)
regulatory authorization, (2) peer-reviewed evidence, and (3) manufacturing transparency.

Decision Tree
1. Gate 1. Regulatory authorization: If the product is NA, assign Category I'V. Stop.
If the product is an authorized DRUG, MD, or COS, proceed to Gate 2.
2. Gate 2. Peer-reviewed evidence: If there is no peer-reviewed evidence supporting the specific intended indication
and route of administration, assign Category III. Stop.
If peer-reviewed evidence is present, proceed to Gate 3.
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3. Gate 3. Manufacturing transparency: If any core criteria indicator is not met, assign Category Ili. Stop.
If all core criteria indicators are met, but any secondary criteria indicator is not, assign Category IIs. Stop.
If all core and secondary criteria are met, assign Category I. Stop.

RTCS Categories

e Category I (High Reliability): Authorized products supported by peer-reviewed evidence and fulfilling all pre-
defined manufacturing and protocol transparency criteria.

e Category IIs (Medium Reliability): Products with valid regulatory authorization and peer-reviewed evidence, but
incomplete manufacturing or protocol documentation transparency. The subclassification “s” is assigned specifically
when all core manufacturing/protocol transparency criteria are fulfilled, regardless of whether secondary transpar-
ency elements are missing.

e Category Ili (Low Reliability): Products with valid regulatory authorization and peer-reviewed evidence, but

I3t
1

incomplete manufacturing or protocol documentation transparency. The subclassification is assigned when not
all core manufacturing/protocol transparency criteria are met, irrespectively to the fact of secondary transparency
elements missing.

e Category III (Very Low reliability): Authorized products lacking sufficient peer-reviewed scientific evidence
supporting their intended indication and route of administration. These products cannot be considered evidence-
supported for the claimed clinical purpose. Reclassification may occur if new peer-reviewed evidence becomes
available.

e Category IV (No Reliability): Products without legal authorization from a recognized regulatory agency, such as the
FDA or the EMA, are considered unsuitable for clinical applications.

e *(Regulatory Flags): Warnings and enforcement actions are annotated, identified with an asterisk, and attached to

the category.

Standardized Clinician-Facing RTCS Output Label

For consistency in reporting, the algorithm’s output is displayed as a compact label that combines the regulatory class,
reliability category, origin code, and transparency score. Recommended format: [Regulatory class] [Reliability category/*] —
[Origin/subcodes] [Transparency score].

Regulatory class: DRUG, MD, COS, or NA.

Reliability category: I, IIs, IIi, III, or IV. Add *when applicable (RW/RO should be detailed elsewhere in the report).
Origin: AUTO, ALLO, XENO, or MIM. Add n, e, a, p, b, when applicable.

e Transparency score: integer 0—6.

RTCS Output Examples
The examples below are hypothetical and illustrative, rather than real and validated results.
Example 1: A product authorized as a drug, based on engineered exosomes of human origin, with peer-reviewed
evidence, and all manufacturing trust points, will be categorized as DRUG I - ALLOe 6.
Example 2: A product authorized as a drug based on autologous naive exosomes, with peer-reviewed evidence and
five manufacturing trust points, but missing one secondary criterion, will be categorized as DRUG IIs — AUTOn 5.
Example 3: A product registered as a medical device based on allogeneic engineered exosomes, with peer-reviewed
evidence and three manufacturing trust points, but missing one core criterion, will be categorized as MD Ili — ALLOe 3.
Example 4: A product based on proteins derived from human exosomes, registered as a cosmetic, with peer-reviewed
evidence and four manufacturing trust points, that meets all core criteria, will be categorized as COS IIs — MIM 4.
Example 5: A plant exosome-based product registered as a cosmetic with a regulatory flag, no peer-reviewed
evidence, three manufacturing trust points, not missing any core criteria, will be categorized as COS III* — XENOp 3.
Example 6: A non-authorized autologous exosome-based cosmetic with peer-reviewed evidence, four manufacturing
trust points, and no missing core criteria will be categorized as NA IV.
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Discussion

Although scientific evidence may evolve, the absence of peer-reviewed validation currently represents a higher degree of
uncertainty than incomplete manufacturing/protocol transparency. This principle underlies the hierarchy of the proposed
categorization algorithm.

A central strength of this framework is prioritizing regulatory authorization as the primary gatekeeper for clinical
suitability. Health products are regulated under distinct legal categories (eg, medicinal products, medical devices,
cosmetics, personal care products, biocides), and each product should fall into a single category with permitted routes
of administration and claims defined accordingly.>'*'*?' > However, regulatory classification and enforcement can be
complex and may vary across territories, and misclassification or inappropriate claims remain common. For example, the
FDA notes that firms may violate the law by marketing cosmetics with drug claims or marketing drugs as cosmetics
without meeting drug requirements.'® These realities are particularly relevant in aesthetic medicine, where products may
be marketed across jurisdictions and indications.

In dermatology and aesthetic practice, the route of administration is a critical safety and legal boundary. Regulatory
agencies, including the FDA and EMA, state that cosmetics are intended for superficial action and not for delivery into
deep tissues; therefore, injection of cosmetic formulations falls outside legally permissible use and introduces avoidable
risk.?'31%2122 I addition, exosomes are not currently FDA-approved for cosmetic use, and there are no FDA-approved
topical therapies containing peptides or exosomes as the primary ingredient.® This regulatory distinction is essential
because many commercial products are marketed using ambiguous language regarding composition, mechanism of
action, or intended depth of action, and ingredient lists may be inconsistent. These discrepancies highlight deficiencies in
transparency and regulatory compliance and support the inclusion of legal status and certification visibility as core
components of any clinician-facing appraisal framework.'**'"%*

Beyond regulation, the framework reflects well-described challenges in producing clinical-grade exosome prepara-
tions. Manufacturing remains constrained by variability in cell culture conditions, isolation techniques, and scalability;
yield and biological quality are sensitive to source cell state and purification methodology; and batch-to-batch variability
is a persistent concern, underscoring the need for rigorous quality control and standardized protocols.'®** Accordingly,
the present framework incorporates manufacturing transparency and protocol availability as key determinants of
documented reliability. The literature also indicates substantial variability in manufacturing transparency across marketed
products, and many commercial offerings do not provide sufficient information.** Regulatory warnings further emphasize
that products marketed for regenerative indications—including those claimed to be autologous—may still present unclear
information and potential compliance issues.” Together, these observations justify the inclusion of a structured manu-
facturing reliability assessment and regulatory-history flag within the descriptive classification layer.

Importantly, the RTCS is presented as a conceptual and deterministic model rather than a validated platform. If developed
as an independent web-based catalog, product information provided by manufacturers or extracted from publicly accessible
documentation could be entered to generate standardized classification outputs and reliability categories, facilitating clinician
appraisal, improving transparency, and supporting evidence-informed selection.'®'? Future development would require
interdisciplinary collaboration among regulatory specialists, clinicians, and software developers to ensure neutrality, consis-
tent update procedures, and governance mechanisms for disputed classifications.'*'?

Safety considerations reinforce the need for cautious appraisal and structured decision support. Systematic reviews
indicate a low incidence of serious adverse events in EV—based interventions, while highlighting potential immunogeni-
city considerations for engineered or non-autologous products. Regulatory guidance and warnings similarly underscore
that legal compliance and accurate labeling remain central to patient safety in this rapidly commercializing area.

The RTCS is designed to generate testable hypotheses and provides a roadmap for validation. Feasible approaches

include: (i) literature and market analysis to compare classifications against published data and regulatory records;'**'?

1782426 and (iii) regulatory audits cross-referencing product

(ii) laboratory testing to correlate classification outputs;
registrations and labeling compliance against classification categories.'>'**'**> While detailed experimental protocols are
beyond the scope of this conceptual manuscript, these strategies provide practical pathways to confirm, refine, and update

the model over time.
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Some limitations must be considered, including the current lack of approved exosome-based therapies, restricted
access to comprehensive compositional data, and limited evidence supporting cosmetic products labeled as exosome-
containing. The RTCS can be useful as a proposed appraisal framework. However, it must be considered that it has not
yet been validated in real-world product assessment or tested for inter-rater consistency. The authors acknowledge that
controversy may arise regarding the relative weighting of criteria, particularly around manufacturing reliability and
incomplete reporting. Manufacturing reliability is inherently challenging because documentation quality and transpar-
ency vary widely, and robust regulation would ideally reduce the need for subjective interpretation. Independent
validation would be helpful to add credibility and assess the reliability of the RTCS categorization. Nevertheless, current
market variability necessitates an explicit, reproducible framework.

Conclusion

The present classification is intended to be dynamic, allowing updates as new peer-reviewed evidence and regulatory
information become available. We propose a clinician-facing dynamic and practical framework to classify and categorize
marketed exosome-based products and related devices, integrating regulatory status, biological origin, manufacturing
transparency, and evidence availability. The RTCS is a conceptual and unvalidated framework intended to support day-to
-day clinical decision-making in a rapidly expanding market characterized by variable documentation and regulatory
ambiguity. Ongoing updates, implementation, and validation will be required to confirm clinical utility.
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