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1. Introduction 
Over the last two decades, the therapeutic use of adipose-derived stem/stromal cells (ASCs) has 
emerged as a central pillar of regenerative medicine. Adipose tissue represents a particularly attractive 
cell source due to its abundance, accessibility, and the regenerative potential of the stromal vascular 
fraction (SVF) and isolated mesenchymal progenitors. In the European Union, cell-based medicinal 
products are regulated under the framework of Advanced Therapy Medicinal Products (ATMPs). De-
spite increasing global activity, the number of clinically approved ATMPs remains limited, and regu-
latory, manufacturing, and standardization challenges continue to hinder widespread adoption. 

Within Europe, Austria and Italy stand out as countries with significant expertise in ASC-based clin-
ical research. Austria has developed concentrated know-how in industry-driven, multicentric clinical 
trials—particularly for Crohn’s disease–related fistulas through products such as darvadstrocel 
(Alofisel). Italy, by contrast, has developed a broader translational portfolio ranging from Crohn’s 
disease and gastrointestinal fistulas to systemic sclerosis–related digital ulcers and diabetic foot 
wounds. Mapping the expertise in both countries highlights their complementary roles: Austria as a 
hub for standardized, phase-driven ASC drug development, and Italy as a fertile ground for investi-
gator-initiated translational innovation in wound healing. 

This review synthesizes the pre-clinical and clinical expertise on adipose tissue–derived cell therapy 
for wounds in Austria and Italy, based on clinical trial registries, regulatory reports, and peer-reviewed 
publications. It discusses the biological rationale, regulatory and methodological frameworks, and 
compares the trial portfolios of the two countries. 

2. Methods 
The review was based on a structured literature and clinical trial database search. First, reviews on 
adipose-derived stem/stromal cell (ASC) applications in wound healing and skin-related conditions 
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were screened to provide background and identify product characterization requirements relevant for 
Advanced Therapy Medicinal Products (ATMPs), such as sterility, identity, and potency criteria. 

To capture clinical activity, two major registries were consulted: ClinicalTrials.gov (US NIH) as the 
most comprehensive international database, and EudraCT, which lists all interventional clinical tri-
als on medicinal products submitted to National Competent Authorities within the EU/EEA. The 
search strategy focused on: 

1. Austria and Italy: ASC trials in wound healing and, given their scarcity, in other disease 
areas where wound healing may be relevant. 

2. Global context: ASC trials in wound healing broadly, including wounds secondary to sys-
temic diseases. 

Products with EU market authorization, particularly darvadstrocel (Alofisel®, Takeda), were 
highlighted as benchmarks, since they represent the most advanced stage of ASC-based clinical de-
velopment. 

A known limitation is that trials performed under the hospital exemption framework are rarely 
captured in these registries. Such interventions are only traceable through published reports, if out-
comes are formally disseminated and indexed with appropriate keywords in PubMed or other data-
bases. This gap complicates systematic mapping and underlines the fragmented reporting standards 
in the field. 

3. Results 

3.1 Biological Basis and Rationale for ASCs in Wound Healing 

Properties of adipose-derived stem/stromal cells 

Adipose tissue contains a heterogeneous stromal vascular fraction (SVF), including ASCs, endothe-
lial progenitors, pericytes, and immune cells (1). Isolated ASCs share core features with mesenchymal 
stem/stromal cells (MSCs) from bone marrow and other tissues, including multipotency, clonogenic-
ity, and secretion of trophic factors. They differ, however, in surface marker profile and relative abun-
dance, with adipose tissue yielding higher numbers of stem cells per gram compared to bone marrow 
aspirates (2).  

ASCs exert regenerative functions mainly through paracrine mechanisms: secretion of vascular en-
dothelial growth factor (VEGF), transforming growth factor-β (TGF-β), fibroblast growth factors 
(FGFs), and platelet-derived growth factor (PDGF), among others, which promote angiogenesis, re-
epithelialization, and modulation of inflammation (3). This trophic activity has positioned ASCs as 
strong candidates for chronic wound therapy, where impaired angiogenesis, persistent inflammation, 
and defective matrix remodeling represent critical bottlenecks(4). 

Mechanistic evidence from pre-clinical studies 

Pre-clinical work has consistently shown ASC efficacy in models of cutaneous wounds, burns, dia-
betic ulcers, and ischemic injury. In burn wounds, ASC treatment improved re-epithelialization and 
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reduced scarring (5). In diabetic mice, ASC secretome accelerated wound closure, promoted neovas-
cularization, and enhanced collagen organization (6). ASCs also modulate immune responses by re-
ducing pro-inflammatory cytokines such as TNF-α and IL-1β while enhancing regulatory T cell re-
sponses (7).  

Although the molecular pathways are increasingly understood, clinical translation has been slowed 
by the heterogeneity of ASC preparations (enzymatic vs. mechanical isolation, expanded vs. mini-
mally manipulated tissue), lack of standardized release criteria, and variable endpoints across trials 
(8). 

Global and European Clinical Trial Landscape of ATMPs 

Advanced Therapy Medicinal Products (ATMPs) have gained prominence over the last 15 years, 
though their presence remains modest compared with conventional drugs. Since 2009, 14 ATMPs 
have been authorized in Europe, but only 9 remain on the market; withdrawals were due to commer-
cial, not safety, reasons. 

Worldwide, ~1,900 ATMP clinical trials have been registered, including 112 phase III studies—
mainly industry-led. Europe hosts ~360 ATMP trials, with 50 in the pre-authorization phase. Italy 
plays a leading role, having tested the first four EMA-approved ATMPs and 23 trials are underway, 
according to data provided by AIFA (the Italian Medicines Agency) up to 2022 (AboutPharma web 
version, 22/05/24). Globally, development exceeds 2,500 products with >2,000 clinical trials and $3.2 
billion invested, dominated by North America, followed by Asia-Pacific, and, only third, Europe 
(NCF, gennaio 2024, 22-23). 

Despite growth, ATMPs still accounted for only ~7% of trials in 2021, with dermatology indica-
tions—relevant for wound healing—representing just 2.3 (ATMP forum “Quinto report italiano sulle 
Advanced Therapy Medicinal Product”, 2022). The field remains dynamic but fragmented, with on-
going challenges in regulation and standardization. 

3.2 Regulatory and Methodological Framework 

EU regulatory context 

In the European Union, ASCs fall under the ATMP regulation when subjected to substantial manipu-
lation or when intended for use in a non-homologous manner. Thus, enzymatically isolated and ex-
panded ASCs qualify as ATMPs, while mechanically processed autologous adipose tissue (e.g., Li-
pogems®, nanofat) may be considered minimally manipulated and not subject to the same regulatory 
framework. Austria and Italy, both EU member states, adhere to this framework, but differ in the 
degree of clinical application under hospital exemption versus industry-sponsored multicentric trials. 

Characterization of ASC products 

Key parameters for ASC product release include: 

• Identity and purity: phenotypic confirmation against ISCT minimal criteria for MSCs (plas-
tic adherence; trilineage potential; ≥95% expression of CD73, CD90, CD105; ≤2% expression 
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of hematopoietic markers such as CD34 and CD45 for expanded MSCs) as the baseline frame-
work, with explicit tissue-of-origin reporting per updated ISCT guidance (9) (10). 

• Viability: Many regulatory submissions for MSC products target high viability at lot release; 
≥90% is commonly accepted for fresh products in regulatory reviews, while some programs 
set thresholds in the ≥80–90% range depending on formulation and logistics (11). 

• Sterility and endotoxin testing: In accordance with European Pharmacopoeia. 
• Potency assays: So far, no universally accepted ASC-specific potency assay exists. ISCT rec-

ommends a matrix of mechanism-informed functional assays (e.g., immunomodulation such 
as macrophage/lymphocyte suppression; angiogenic/trophic readouts), qualified to the prod-
uct’s intended mechanism of action (MOA) and clinical indication. Blinded/limited disclosure 
of specific assays is common in industry dossiers; sometimes inferred from angiogenic or 
immunomodulatory readouts (12). 

A major unmet need is the lack of universally accepted ASC-specific markers and potency assays. 
This complicates trial comparability and regulatory harmonization. 

 

Endpoints for wound healing trials 

Clinical trials have employed heterogeneous endpoints, including: 

• Objective wound scores: Bates-Jensen Wound Assessment (BJWA), a 15-item objective 
measure designed to assess wound status and track healing. Measures size, depth, edges, un-
dermining, necrotic tissue type, necrotic tissue amount, exudate type, exudate, amount, skin 
color surrounding the wound, peripheral tissue edema and induration, granulation tissue, and 
epithelialization. Patient and Observer Scar Assessment Scale (POSAS). 

• Morphometric outcomes: Time to 50% wound area reduction, time to complete re-epitheli-
alization. 

• Patient-reported outcomes: Pain scores, cosmesis evaluation. 
• Biological correlates: VEGF, TGF-β levels, histological evaluation of angiogenesis (PRO-

MOS report). 

The lack of standardization across trials in Austria and Italy complicates the construction of a uniform 
evidence base. 

 

3.3 Clinical Expertise in Austria 
Austria’s expertise is characterized by its participation in large, multicentric, phase-driven clinical 
trials, almost exclusively centered on darvadstrocel (Alofisel, Takeda), which contains allogenic 
expanded adipose stem cells (5 million cells/mL, 30 million cells per ampoule) to improve the healing 
process of complex perianal fistulas in patients with Crohn’s disease. Four major trials have been 
conducted in Austrian centers such as Medizinische Universität Wien, Innsbruck Universität-Klinik, 
and St. Veit/Glan Krankenhaus. 

Trials on Crohn’s disease fistulas 
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• FATT trial (NCT01378390; EudraCT 2008-004286-25) 
This pivotal phase III, multicenter trial evaluated the use of allogeneic expanded adipose-de-
rived stem/stromal cells (eASCs) for the treatment of complex perianal fistulas in Crohn’s dis-
ease. The Austrian contribution was coordinated at MedUni Wien. The study demonstrated 
both safety and a clinically meaningful improvement in fistula closure rates compared to 
placebo, laying the groundwork for later EU approval of darvadstrocel. 
 

• ADMIRE-CD trial (NCT01541579) 
A large phase III, randomized, placebo-controlled study sponsored by TiGenix (later Takeda), 
involving multiple Austrian centers (Innsbruck, St. Veit/Glan, Wien). The trial established the 
clinical efficacy of eASCs, showing 50% combined remission at 24 weeks versus 34% with 
placebo, thereby providing the critical evidence base for EMA authorization (13). Study Details-
clinicaltrials.gov | NCT01541579 |.  
 

• EMPIRE trial (NCT04118088; EudraCT 2017-002491-10) 
A phase IV post-authorization study designed to assess the long-term safety and repeat ad-
ministration of darvadstrocel. The Austrian arm is conducted at AKH Wien. This trial empha-
sizes MRI-based fistula assessment and immunological monitoring, addressing key questions 
about durability of remission and safety in repeated dosing. Study Details-clinicaltrials.gov | 
NCT04118088 | 
 

• Cx601 national study (NCT05322057) 
An academic, multicenter Austrian study led by MedUni Wien, focusing on darvadstrocel in 
perianal fistulizing Crohn’s disease. Unlike the large industry-led programs, this trial provides 
independent validation of efficacy and feasibility within the Austrian healthcare setting. Study 
Details-clinicaltrials.gov | NCT05322057 | 

Translational significance 

Although Austria’s clinical trial portfolio appears narrow, focused solely on Crohn’s fistulas, this 
concentration has enabled Austrian centers to accumulate substantial expertise in GMP-grade ASC 
handling, standardized trial methodology, and long-term safety monitoring. This expertise is 
directly translatable to wound healing indications, particularly in standardizing ASC product release 
criteria and trial conduct. 

Austria’s alignment with industry-sponsored multicentric trials ensures exposure to harmonized reg-
ulatory practices, making it an important contributor to Europe-wide ASC drug development.  

 

3.4 Clinical Expertise in Italy 
Italy has developed a broad, more heterogeneous portfolio of ASC-based clinical investigations, 
spanning Crohn’s disease, gastrointestinal fistulas, digital ulcers in systemic sclerosis, diabetic foot 
amputations, and reconstructive indications. This reflects the country’s strong translational research 
culture and network of academic medical centers. 

Crohn’s disease and gastrointestinal fistulas 

https://clinicaltrials.gov/study/NCT01541579
https://clinicaltrials.gov/study/NCT01541579
https://clinicaltrials.gov/study/NCT04118088
https://clinicaltrials.gov/study/NCT04118088
https://clinicaltrials.gov/study/NCT05322057
https://clinicaltrials.gov/study/NCT05322057
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Italy has participated in international darvadstrocel trials (ADMIRE-CD, Cx601, long-term follow-
up studies), with sites in Bologna, Firenze, Milano, Napoli, Padova, Roma, Udine, and Verona (PRO-
MOS report). In addition, Italian investigators have explored autologous adipose therapies: 

• NCT04326907 (University Hospital of Ferrara): Use of centrifuged autologous adipose tis-
sue (CAT) containing progenitor cells for complex anal fistulas (excluding Crohn’s). This ap-
proach bypasses cell expansion, relying on minimally manipulated autologous material.  
Study Details | NCT04326907 | Treatment of Complex Anal Fistulas Using Centrifuged 
Adipose Tissue Containing Progenitor Cells | ClinicalTrials.gov 
 

• NCT04670276 (Fondazione Policlinico Gemelli, Roma): Endoscopic injection of emulsi-
fied stromal vascular fraction (tSVFem) for gastrointestinal fistulas. This inexpensive, me-
chanically isolated product avoids enzymatic digestion, exemplifying Italy’s emphasis on 
practical, cost-effective regenerative strategies. Study Details | NCT04670276 | Conserva-
tive Treatment of Gastrointestinal Fistulas by Endoscopic Injection of tSVFem | Clinical-
Trials.gov  
 

Systemic sclerosis and digital ulcers 

• NCT03406988 (ASST Gaetano Pini-CTO, Milano): Randomized trial on autologous adi-
pose tissue grafting for systemic sclerosis–related digital ulcers. Building on pilot data (Del 
Papa et al., PMID: 27159987), this trial tests whether autologous fat grafts accelerate ulcer 
healing and reduce ischemic pain. Preliminary evidence suggests improved neovasculariza-
tion and pain reliefhttps://clinicaltrials.gov/study/NCT03406988. Study Details | 
NCT03406988 | Autologous Adipose Tissue in the Treatment of Systemic Sclerosis Digi-
tal Ulcers | ClinicalTrials.gov 

 

This trial illustrates Italy’s focus on autoimmune-related chronic wounds, expanding ASC therapy 
beyond Crohn’s disease. 

 

Diabetic foot wounds 

• NCT03276312 (University of Modena and Reggio Emilia): Randomized trial using the Li-
pogems® system (micro-fragmented autologous adipose tissue) for minor diabetic foot am-
putations. Endpoints include healing time, pain, relapse rates, and quality of life. This trial 
directly addresses a major public health burden where chronic wounds often lead to amputa-
tions. Study Details | NCT03276312 | Autologous Micro-fragmented Adipose Tissue in 
the Treatment of Minor Amputations of Diabetic Foot | ClinicalTrials.gov. 

 

Reconstructive and other indications 

https://clinicaltrials.gov/study/NCT04326907
https://clinicaltrials.gov/study/NCT04326907
https://www.clinicaltrials.gov/study/NCT04670276
https://www.clinicaltrials.gov/study/NCT04670276
https://www.clinicaltrials.gov/study/NCT04670276
https://clinicaltrials.gov/study/NCT03406988
https://clinicaltrials.gov/study/NCT03406988
https://clinicaltrials.gov/study/NCT03406988
https://clinicaltrials.gov/study/NCT03406988
https://clinicaltrials.gov/study/NCT03276312
https://clinicaltrials.gov/study/NCT03276312
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• NCT00616135 (Università di Firenze): Post-marketing study of autologous fat augmented 
with adipose-derived regenerative cells (ADRCs) for breast deformities after lumpectomy. 
Although reconstructive, it contributes to expertise in ASC-based graft enhancement Study 
Details | NCT00616135 | Study of Autologous Fat Enhanced w/ Regenerative Cells Trans-
planted to Reconstruct Breast Deformities After Lumpectomy | ClinicalTrials.gov. 
 

• NCT04223622 (IRCCS Galeazzi-Sant’Ambrogio, Milano): Evaluation of ASC secretome 
on osteochondral explants—illustrating Italian interest in cell-free biological products as 
next-generation therapies Study Details | NCT04223622 | Effects of ASC Secretome on Hu-
man Osteochondral Explants | ClinicalTrials.gov 

 

Methodological characteristics 

Italian trials often use mechanically processed autologous adipose products (Lipogems®, 
nanofat, CAT, tSVFem), which are minimally manipulated and thus fall outside strict ATMP reg-
ulation. This facilitates clinical use but reduces standardization and comparability. Conversely, in-
dustry-sponsored darvadstrocel trials in Italy follow strict ATMP standards, aligning with EU regu-
latory requirements. 

 

3.5 Comparative Analysis: Austria vs. Italy 
The Austrian and Italian landscapes of adipose-derived cell therapy for wound-related indications 
reveal markedly different but complementary profiles. Austria has concentrated almost exclusively 
on darvadstrocel for Crohn’s-related perianal fistulas. This narrow focus has yielded clear strengths: 
Austrian centers are well-integrated into multicenter, industry-sponsored trials, operate under strict 
GMP and regulatory frameworks, and have developed a reputation for standardization and meth-
odological rigor. The limitation, however, is the lack of breadth; Austria has not substantially en-
gaged in ASC applications beyond Crohn’s fistulas, leaving innovation and exploration of other 
wound-related conditions largely unexplored. 

Italy, by contrast, has pursued a broad and heterogeneous portfolio of ASC-based interventions. 
Clinical activity ranges from Crohn’s disease and gastrointestinal fistulas to systemic sclerosis–re-
lated digital ulcers, diabetic foot wounds, and reconstructive applications. Many of these efforts 
have been investigator-initiated, highlighting Italy’s translational dynamism and strong clinical in-
novation. However, this diversity comes with challenges: heterogeneity of products (expanded al-
logeneic ASCs vs. mechanically processed autologous adipose tissue), variable trial endpoints, and 
regulatory fragmentation between hospital exemption and ATMP pathways. 

Taken together, Austria and Italy appear complementary rather than redundant. Austria contrib-
utes depth in industrialized clinical development, offering a model of rigor and harmonization. Italy 
contributes breadth, driving translational exploration across multiple indications of unmet need. Co-
ordinated collaboration could combine Austria’s strengths in standardization with Italy’s innovation-
driven clinical scope, advancing the field of ASC therapy for wounds in Europe. 

https://clinicaltrials.gov/study/NCT00616135
https://clinicaltrials.gov/study/NCT00616135
https://clinicaltrials.gov/study/NCT00616135
https://clinicaltrials.gov/study/NCT04223622?intr=secretome&page=1&rank=8
https://clinicaltrials.gov/study/NCT04223622?intr=secretome&page=1&rank=8
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4. Challenges and Knowledge Gaps 
Despite promising data, several obstacles continue to constrain the field. First, there is no universally 
accepted set of ASC markers or potency assays. This hampers regulatory comparability and trial 
harmonization, as studies rely on differing definitions of cell identity and function. Second, the field 
suffers from product heterogeneity: some trials employ expanded, allogeneic ASCs produced under 
GMP, while others use minimally manipulated autologous adipose products. This variability makes 
it difficult to aggregate findings across studies. 

Another challenge is the diversity of clinical endpoints. Trials use wound closure rates, composite 
scores, imaging, or patient-reported outcomes, leading to inconsistent measures of success and limit-
ing meta-analytical approaches. Moreover, regulatory heterogeneity—particularly the coexistence 
of hospital exemption pathways with ATMP classification—adds further fragmentation, especially in 
Italy, where minimally manipulated adipose tissue products are frequently employed outside the full 
ATMP framework. Finally, manufacturing and GMP compliance remain critical bottlenecks. The 
need for reproducible, scalable processes is essential for commercialization, yet still poses cost and 
infrastructure challenges.   

 

5. Future Perspectives 
Several priorities will shape the next phase of ASC-based wound therapies. The foremost is harmo-
nization of standards, including validated potency assays, consistent viability thresholds, and im-
mune-phenotyping criteria tailored to adipose-derived cells. This would improve comparability 
across trials and provide regulators with a clearer framework for approval. 

Cross-border collaboration between Austria and Italy could be particularly powerful: Austria brings 
experience with standardized, industry-grade clinical trial execution, while Italy contributes a wide 
spectrum of investigator-led studies in diverse wound indications. Integrating these strengths would 
accelerate both scientific and translational progress. 

Another need is the integration of biomarker-driven endpoints. Beyond wound closure, angio-
genic, inflammatory, and immunomodulatory markers could provide earlier and more sensitive 
measures of therapeutic benefit, enabling better trial design and mechanistic understanding. 

Looking beyond cell-based products, cell-free approaches such as ASC-derived secretome or extra-
cellular vesicles are gaining attention as safer and more scalable alternatives (PMID: 34859174). 
These products may circumvent some of the manufacturing and regulatory challenges that currently 
limit widespread adoption of live-cell therapies. 

Finally, the public health impact should not be overlooked. In conditions like diabetic foot ulcers, 
where non-healing wounds often result in amputation, cost-effective and standardized ASC products 
could substantially reduce morbidity, healthcare burden, and long-term disability. 
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6. Conclusion 
Austria and Italy represent two distinct but complementary hubs of ASC-based expertise for wound 
therapy. Austria has concentrated its efforts on standardized, multicentric trials of darvadstrocel for 
Crohn’s fistulas, developing strong regulatory and industrial expertise. Italy has pursued a broader 
translational agenda, extending ASC applications to systemic sclerosis ulcers, diabetic foot, gastroin-
testinal fistulas, and reconstructive surgery. 

The mapping of these efforts reveals both the progress and the challenges of ASC translation: lack of 
standardization, regulatory fragmentation, and heterogeneity of clinical endpoints. Moving forward, 
collaboration between Austria and Italy could help harmonize trial design and accelerate the devel-
opment of adipose-derived therapies for chronic wounds, a field with pressing clinical and societal 
need. 
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Attendum#1: 

LIST OF CLINICAL TRIALS IN AUSTRIA AND ITALY ON ADIPOSE STEM CELLS 

AUSTRIA 
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