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1- FROM MARKET CHAOS ... TO MECHANISTIC CLARITY:

To present a rigorous, unbiased scientific evaluation of injectable agents and biologic approaches that claim to stimulate
collagen, elastin, vascular, and cellular regeneration.

“Market claims # evidence; we separate mechanisms from outcomes.”

“Objective: quantify collagen/dermal changes and safety across modalities.”

“Approach: predefined search + grading (GRADE), clinical endpoints only.”
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2- METHODOLOGY

PubMed, Embase, Scopus, Cochrane. E E DGB January 2000 — September 2025.
oo -

N
Human RCTs, histologic or imaging-based studies, systematic reviews,
meta-analyses, mechanistic studies with quantified outcomes.

J

)
Non-clinical only (unless mechanistic insight), uncontrolled
promotional papers, non-English.
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Identification (kb (@bt
o e s

780 papers screened - 196 eligible - 72 included in quantitative
evaluation. Screening i) (el

iaibili Number of articles assessed Number of articles
El Ig ibil Ity '-) excluded, with reasons

2

1 Number of studies included
lnCIUS|°n in the systematic review

Cochrane RoB 2.0 + GRADE scoring applied.

Number of studies included
in the meta-analysis
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3- EVIDENCE GRADING RUBRIC

Level Description Example

High (A) Multiple RCTs + histology + consistent long-term outcomes PLLA, CaHA

Moderate (B) >1 RCT or strong cohort + histology/biopsy PDRN, PRP, PDO, Collagen,
Low (C) Preclinical/early clinical only Exosomes,

Preclinical (P) In vitro or animal mechanistic evidence only NAD+ (injectable use)

“Design shown on each row (RCT/Cohort/Hist/HFUS)”
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4- BIOLOGY OF REGENERATION

A Simplified But Precise Overview Of Targets And Pathways

Layer

Epidermis

Dermis

Vasculature

Immune cells

ECM

Cellular players Stimulated by Result

Keratinocytes, basal stem cells GFs (EGF, bFGF), retinoids Renewal, barrier repair

Fibroblasts, pericytes,

macrophages TGF-B, PDGF, PDRN, peptides Collagen /111, elastin synthesis
Endothelial cells VEGF, FGF, microinjury, exosomes Neoangiogenesis
Macrophages PLLA, CaHa Cytokine release (IL-10, TGF-B)
Collagen, GAGs, HA Scaffold + biochemical support Structural resilience
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5- MECHANISM GROUPS

Scaffold-mediated

(PLLA, CaHA, PCL, PDO, HA)

Mechanism :
particle - macrophage - TGF-B - fibroblast
— collagen.

DNA-based sighaling

(PDRN)

Mechanism:
A2A receptor activation - VEGF 1, fibroblast
proliferation 1.

Paracrine vesicles

(Exosomes, PRP-derived EVs)

Mechanism:
miRNA delivery = fibroblast gene
upregulation (COL1A1, VEGF).

Peptide signaling

Micro-injury

\_

(GHK-Cu, tripeptides, oligopeptides)

Mechanism:
MMP modulation + fibroblast stimulation.
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Micro-needling & Energy-based devices

Mechanism:
injury = IL-1, TGF-B, PDGF release -
collagen remodeling.
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6- COMPARATIVE EVIDENCE TABLE
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Active Mechanism Studv tvoe N Follow-up % Collagen 4* / Dermal Adverse event Onset of Duration Of Cost Evidence Bias risk
yyp (months) thickening rate Action Action level
- i —A79
pua  ocaffold /TGF-B fibroblast 6 RCTs +2 312 24 ¥35-47% dermal ) 5o dules 8-12 weeks 18-24 months High A Low
stim. histology collagen
CaHA fgl‘f:;"ed /angiogenic GF ) oy 220 18 +20-35% 1.0% 6-12 weeks 12-18 months High A Low
PCL Long-term scaffold 2 RCTs 160 24 +30-40% 1.0% 6-10 weeks 18-24 months High B Low
PDO :cr:lzllafri\gfgpll‘)sci;scaffold 7 1 RCT + pilots 120 12 +15-45% 2.5% 3-6 weeks 9-12 months Medium to High B Moderate
HA :iifapnhggfaiia;ZZL?o? RCTs 200 6 +5-10% Minimal 1 weeks 3-6 months Medium to High B Moderate
PDRN A2A receptor / VEGF 3 RCTs 96 6 +25-30% Minimal 2-4 weeks 3-6 months Medium B Moderate
Exosomes Paracrine miRNA 5 pilot RCTs 160 3 +20-25% elasticity  Unknown 2-4 weeks 3-6 months Medium C High
HK- . : . 4 h .

l(jeptig: ECM signaling / antioxidant stu;irzjn 220 6 +15-20% None 2-4 weeks 3-6 months Medium B Moderate
PRP Growth factor cocktail 12 RCTs 580 6 +20-35% Minimal 1-2 weeks 1-3 months Low B Moderate
Retinoids oz activation 7 RCTs 480 12 +30-50% Irritation 10- 8-12 weeks 3-6 months Low A Low
(topical) 20%




7- SAFETY EVIDENCE TABLE

Oe“L EX"QQ. 4 \
Category Typical adverse events Incidence (%) Management Source
PLLA / PCL/ Proper dilution, massage, Pierre et al., Dermatol
PDO Nodules, granulomas 0.5-2.5 intralesional steroids Surg, 2022
' . : I , Aesth
CaHA Ecchymosis, edema, rare 1-9 Conmnule, ealiEren ek e Goldberg, Aesthet Surg
vascular J, 2021
Urdiales-Galvez et al.,
HA Swelling, Bruises, VO >1 Cannula, aspiration technique Aesthet Plast Surg,
2017
PRP/ Swelling, pain <5 Self-limitin Meta-analysis, 2020
Peptides / HA &P & ¥>1S,
Exosomes Necrosis, granulomas, infections AN Symptomatic Tawanwongsri &
'8 ’ ymp Vachiramon, 2024;
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8- LIMITATIONS & UNCERTAINTIES

Heterogeneous protocols - poor cross-study comparability.

Exosomes, PRP poorly standardized (cell count, vesicle load).

Small sample sizes (<100 in many trials).

~ollow-up often <12 months - unknown durability.

Lack of head-to-head RCTs vs placebo or vs each other.

Publication bias likely (industry-funded studies underreport negatives). “Transparency

nsufficient data on darker skin types (Fitzpatrick IV-VI). builds
trust.”
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9- FUTURE RESEARCH PRIORITIES

 Multicenter, double-blind RCTs with standardized protocols.

* Use of Al-assisted imaging (OCT, ultrasound) for objective collagen quantification.
 Harmonization of exosome characterization.

 Long-term (=2 years) immune and fibrosis safety studies.

* Response and injection-technique optimization trials.
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P 10- ETHICAL & REGULATORY CONSIDERATIONS

FDA & EMA classify
uncharacterized human
source exosome
products as

Cell-derived injectables
(Exosomes, PRP)

Rules and
Regulations

Values

= biologics

Unapproved Biologics. - must follow GMP.

Ethical

Practices Research

Ethical principle:

“Do not inject what you cannot characterize.”
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11- SUMMARY

“From Hype to Evidence: The Science of Collagen Stimulation”

Scaffold-based injectables:
(PLLA, CaHA, PCL, PDO)

— proven, long-term neocollagenesis.

Structural

= True Regeneration.

Cellular

Exosome & vesicle-based:

/N

— 4

—> emerging, promising, but is risky &
unstandardized.
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Biochemical

Biochemical agents:
(PDRN, peptides, PRP, HA)

—> measurable regenerative activity,
but very short-term.

Future lies in:

— Multimodal, evidence-led, ethically developed
regenerative protocols.
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IDENTIFICATION
e Databases: PubMed, Embase, Scopus, Cochrane
e Timeframe: 2000—-2025

J
SCREENING
e Records: 780 - Duplicates removed: 214
e Screened titles/abstracts: 566
J
ELIGIBILITY

e Full-text assessed: 196

e Excluded: 124 (non-clinical, non-English, insufficient outcomes, promotional)

N2

Included
e Studies included: 72
e RCT=22 | Cohort=20 | Histology/Imaging=15 | SR/MA=15
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