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Background: The “Inflammation Theory of Ageing” identifies pro-inflammatory cytokines and oxidative damage as one cause of cellular
and mitochondrial deterioration and aging. Cell-free blood cell secretome (BCS) also known as autologous conditioned serum (ACS) has
shown anti-inflammatory and regenerative mode of action in musculoskeletal disorders and radicular compression.
Aim: To confirm that BCS can improve signs of skin aging from a previous study in a multi-center setting.
Methods: Prospective, one-armed, multi-center interventional therapeutic study. Ninety-five women with skin firmness loss were treated
with four intra-dermal injection sessions in both cheeks at 0, 2, 4 and 6 weeks. BCS was processed with Exokine® medical device
according to manufacturer’s instructions. Primary endpoints were cutometric R0 and R3 at 12 and 24 weeks. GAIS, FACE-QTM, Patient
Attractivity Self-Assessment and safety were evaluated.
Results: Mean skin firmness (R0) improved significantly from baseline 0.40 mm to 0.38 mm at week 12 and to 0.36 mm at week 24.
Mean skin tiring (R3) improved significantly from baseline 0.45 mm to 0.42 mm at week 12 and to 0.40 at week 24. FACE-QTM

“Satisfaction with Skin” significantly improved from baseline to weeks 12, 24 and 48. So did “Satisfaction with Facial Appearance”
and “Psychological and Social Function”. “Satisfaction with Decision” and “Satisfaction with Outcome” were stable at week 24 and
48. At week 48 patients assessed their age 1.68 years younger vs Baseline. FACE-QTM aging appraisal improves from Baseline 52.94
to 65.23 at week 48. GAIS, by both physicians and patients, confirm improvement of skin.
Conclusion: For up to 48 weeks four intra-dermal injections with cell-free BCS increase facial skin firmness and resilience to tiring
and patients’ satisfaction with their facial appearance and skin. Patients perceive their face as younger. BCS has the ability to
sustainably rejuvenate facial skin safely.
Study Registration: Registration on German clinical trials register: DRKS00013014.
Keywords: cell-free blood cell secretome, BCS, autologous conditioned serum, ACS, skin quality, regeneration, autologous,
rejuvenation

Introduction
According to the “Inflammation Theory of Ageing„ chronic inflammation in conjunction with oxidative stress and
mitochondrial damage affect the regenerative capabilities and are key factors of premature ageing.1–4 Skin aging as a
sub-topic of ageing in general is a complex phenomenon affecting multiple anatomical and cellular features, caused by
various intrinsic and extrinsic influences.6,7 Intrinsic factors may include factors such as DNA damage, telomere
shortening, hormone shifting as well as chronic inflammation and oxidative stress. Extrinsic factors, including ultraviolet
(UV) radiation, smoking, pollution and nutrition, can further enhance inflammatory and oxidative stress, as underlying
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mechanisms for cellular aging.8 The similarities between skin wounding and skin aging are visible through the fact that
initial inflammation seen in wounded skin is ROS-mediated, as are the changes seen in aging skin.9 Incidentally, BCS
and Plasma have also been shown to neutralize ROS in cell culture10 and improve survival of skin cells irradiated with
UV in vitro.

Biomolecular and biochemical changes largely contribute to the multi-factorial process of cellular (skin) aging.8 Such
pathomechanisms affect the viability and composition of skin cells, the skin structure and deeper components. Typical
age-related aspects on cellular level are decreased cellular activity and atrophy, loss or reduced synthesis of hyaluronic
acid as well as collagen and loss of extracellular matrix integrity.8 The result is dehydration and dermal volume loss,
clinically appearing in thin, dry and wrinkled skin. Age-related subcutaneous fat atrophy and bony changes paired with
gravity lead to further changes in shape and appearance.11,12 Incidentally, a very recent paper showed improved fat graft
survival/integration in a rat model when BCS was used as augmentation.56

Nonsurgical and minimally invasive skin anti-aging interventions, including intra-dermal (i.d.) injections are in high
demand.13–15 The majority of the aesthetic field has been ruled by two main groups, namely Botulinum toxin A (BTX)
and hyaluronic acids (HA) addressing two “main symptoms” of skin aging, wrinkles and volume loss. Wrinkles are one
of the typical clinical features of skin aging, which can be associated with various different pathomechanisms including
activity of mimic muscles, elastosis-related, gravity-related or a mixture of these. Depending on the wrinkle type
different treatment modalities can become an option.

Aesthetic goals of BTX and HA are to (temporarily) improve the clinical and visual features of aged skin. BTX and
HA have not been thought to exert strong effects on inflammatory processes nor regenerative deficiency. However,
Humphrey et al16 presented a literature review on biological effects of BTX both in vitro and in vivo. It appears that BTX
affects skin structure and biology which leads to a reorganization of collagen suggesting a higher skin quality.55 HA has
also been seen to affect both cellular and structural aspects of skin, with studies on wound healing and aesthetics.17

Interestingly, combination of BCS with HA did not show any added effect.18

In the past decade, biological and regenerative approaches with the intent to restore cellular health have gained
popularity across many medical fields, including aesthetics. The underlying mechanisms have become a main target for
upcoming therapeutic modalities.12

Rejuvenating and Regenerative Aesthetic Treatments often rely on (Injectable) “biologicals”. For skin, this includes BCS
(blood cell secretome) also known as ACS (autologous conditioned serum), platelet-rich plasmas (PRP) and “stem cells”.
Such autologous techniques are often prepared and employed at site of care. A recently published clinical study by Kerscher
et al shows how BCS significantly improves skin firmness and hydration after 12 and 24 weeks.5 In vitro qualification of BCS
as a beneficial agent for cell division and quality was performed in a well-described skin model.19,20 This model not only
showed cell activation but also skin development and keratinocyte differentiation gene expression patterns. Microarray- and
qRT-PCR analysis identified upregulation of genes associated with regulation of cell cycle progression and skin development
(FLG, FLG 2, S100A2); synthesis of unbranched hyaluronic acid (HAS3); cell growth and tissue repair (FGF17), chemotactic
recruitment of leukocytes and angiogenesis (CXCL8) and mediation of epithelial wound healing (Serpine1).21

PRP is arguably themost popular easy-to-apply autologous procedure and has shown reasonable benefit. The effect of PRP
is attributed to growth factors liberated by platelets activated in situ. However, PRP composition is highly variable in quality.22

Some groups have taken up the challenge to more clearly define optimized laboratory and treatment protocols.23–25

The term “stem cells” subsumes many types of body cells that have retained some or all potential to differentiate into
multiple directions. Usual stem cell preparations often are not well defined – as with PRP – and may contain only low
numbers of such cells. It has now become clear that stem cells do not actually replace damaged cells but rather educate
the surrounding tissue through secreted factors, their secretome.26,27 Current research and development tends to look at
standardized secretome preparations to address the unwelcome heterogeneity of stem cell preparations. Incidentally,
secretomes of PRP are looked at; also to overcome the mentioned limitations of PRP preparations.

BCS is blood serum fortified with the secretome of blood cells released under conditions which nature has designed
to: 1. stop bleeding, 2. inhibit infection, 3. initiate healing, 4. restore function. BCS represents the autologous and
genuine harmonic whole blood response to a blood spill situation, which also includes the secretome of blood borne
“stem cells”. It is a secretome released by the individual’s current blood composition under standardized sterile
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conditions. Numerous publications have described the contents of BCS.28 The list includes, but is not limited to, growth
factors, cytokines, lipid mediators and exosomes. Sterile filtration before clinical application contributes to a low number
of adverse events. BCS is in clinical use for 20 years, is easy to obtain and addresses inflammatory pathomechanisms.

BCS has proven its effectiveness in controlled studies in degenerative orthopedic indications.29–34 The underlying
dysfunctional phenomena found in osteoarthritis, tendinitis, cartilage damages, and other inflammatory and degenerative
components of orthopedic diseases bear relevance as pathophysiological mechanisms for aging skin. Issues like
chronified inflammation (often sub-clinical), oxygen radicals, oxidative stress, mitochondrial dysfunction, immune
dysfunction, senescence of cells and loss of extracellular matrix integrity are underlying pathomechanisms that play
a universal role in, but are not limited to, musculoskeletal and skin ageing.8

Overall, stem cells, PRP and BCS have in common the provision of secreted factors potentially beneficial for tissue
integrity including skin health. The potential of topical and injectable growth factors and cytokines for skin rejuvenation
is a growing topic of discussion and clinical practice.35

Objectives
The aim of this study was the statistical verification of the therapeutic effects on skin quality and subjective appearence
of Exokine® medical device processed cell free BCS under a long term (48 weeks) observation in a representative
sample size at six clinical sites.

Methods
Study Design
This therapeutic, investigator-initiated study is designed as a prospective, one-armed, multi-center, interventional study
with a calculated sample size of 95 patients.

We decided not to perform a two-armed study because, so far, no evidence-based standard of treatment exists for
regeneration of reduced facial skin quality. A placebo-controlled design using only intra-dermal injections without active
substance in a placebo arm was not implemented for (a) practical and for (b) ethical reasons. In the participating centers
routine patients were hard to recruit with the prospect to possibly receive placebo treatment. Any adverse events arising
from placebo treatment are viewed more critical since skin ageing is not seen as a (serious) disease, but rather as
a “natural” phenomenon. The aim of the study was not to compare BCS with a comparator, rather the confirmation of
previous results5,18 in a multi-center setting.

Participants
Female patients aged 30–65 years who presented to the study centers with confirmed skin firmness loss: Cutometry for
value R0 ≥0.31 mm was included in this analysis. The study was conducted from August 2018 to February 2020. Patients
accepted not to alter their usual skincare routine during the study, nor to start Botulinum toxin treatments, Hyaluronic
Acid treatments, skin booster or laser treatments. Inclusion and Exclusion criteria are shown in Table 1.

Table 1 Inclusion and Exclusion Criteria. The Study Was Conducted as a Multi-Center Study at Six Different Sites in Germany:
Hamburg, Darmstadt, Potsdam, Kassel, Aachen and Oberursel

Inclusion Criteria
● No Botulinum toxin 6 months before enrolment in the study

● No treatments with low-viscoelastic HA in the last 12 months

● No treatments with high-viscoelastic HA in the last 24 months
● Provision of signed and dated informed consent form to participate in the study

(Continued)
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BCS Preparation
60 mL blood was taken from each patient with 6 Exokine® medical devices. Blood was stored in these devices for
extended coagulation at 37°C for 6 hours, then centrifuged for 10 minutes at 3000 g. BCS was obtained and aliquoted via
a 0.22 μm syringe tip filter (Millex GP, Merck Millipore, Tullagreen, Carrigtwohill, Cork, Ireland) to 1 mL syringes and
stored at −18 °C for the treatment sessions (storage possible for 12 months).

Interventions
Patients underwent a series of 4 treatment sessions at 0, 2, 4, and 6 weeks. At each session, 4 mL of cell-free BCS was
injected manually with a serial puncture technique. Intra-dermal injections were placed approximately 1 cm apart in
a max. skin depth of 0.5–2 mm on both cheeks. Syringes of 1 mL volume with 30 G, 4 mm mesotherapy needles (RI.
MOS SRL, Mirandola, Italy) were used to administer the intra-dermal injection per cheek.

The technique and handling of BCS processing and facial skin injections is standardized and specific training was
a precondition for the involved physicians and health-care staff to participate in the study.

Outcomes
Skin status evaluation was performed at screening. Screening values were used as baseline.

Skin firmness, skin tiring and FACE-QTM Questionnaires “Satisfaction with Skin and Face” and “Satisfaction with
psychological and social functions” were measured at baseline, 12, 24 and 48 weeks.36 GAIS score was measured at 6
weeks additionally. FACE-QTM Questionnaires “Aging Appraisal” and “Satisfaction with decision and outcomes” were
measured at 24 and 48 weeks. See Figure 1 for summary.

Cutometry is an objective tool to determine skin quality. Skin firmness is correlated to collagen content. Cutometric
firmness (R0) is consequently correlated to (age related) collagen loss of the skin.37,38 Skin tiring (R3) displays how
resistant the skin is to repetitive stress.

The resistance of the skin to the negative pressure (firmness) and its ability to return into its original position (elasticity) are
displayed as curves (penetration depth in mm/time) in real time during the measurement. From these curves, a variety of
measurement parameters can be calculated related to elastic and visco-elastic properties of skin structure and skin aging.

R0 (Uf) describes pliability/firmness in mm (amplitude at the end of the first suction phase) (Figure 2). R3/R9/R10
describe tiring effects in mm (Fatigue) visible for repeated measurement circles (Figure 2). The technique has been
demonstrated to produce data that reliably documents the change between baseline and follow-up timepoints.

Table 1 (Continued).

Exclusion Criteria

● HIV, HBV and HCV, any acute infections (confirmed with high CRP)
● Severe skin diseases eg psoriasis, atopic eczema (neurodermatitis)

● Acne, active herpes zoster or autoimmune skin diseases in the face

● Skin cancer in the anamnesis
● Treatment with chemotherapy

● Immunosuppressive agents or immunomodulatory therapy (eg corticosteroids, monoclonal antibodies) within three months before study

treatment
● Systemic diseases with skin involvement (eg SLE)

● Severe diet and/or nutritional supplementary in the last 3 months or the intention of these for the next 48 weeks

● Pregnancy or women who plan to become pregnant during the course of the study
●History of bleeding disorders or treatment with anticoagulants or inhibitors of platelet aggregation (eg ASS or other non-steroidal anti-inflammatory
drugs [NSAIDs])

● Tendency to form keloids, hypertrophic scars or other healing disorder
● Any medical history that, in the opinion of the Investigator, would make the subject unsuitable for inclusion (eg chronic, relapsing or hereditary
disease that may affect the outcome of the study).
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The measurement of skin quality (R0: inverse skin firmness and R3: tiring representing the passive behaviour of the
skin to force) was performed by using cutometry with (Cutometer® dual MPA 580; Courage+Khazaka GmbH, Cologne,
Germany) 13 repetitions at 450 mbar of negative pressure. Both cheeks were examined twice independently, the two
measurements of each side were averaged, then an overall average of both cheeks was calculated. A list of published
studies using Cutometry is available online.38

The Global Aesthetic Improvement Scale (GAIS) is a well-established tool for self- and physician-assessment.
Aesthetic evaluation was performed using the GAIS, a qualitative, 5-point, relative-improvement scale, which is
commonly used as a clinically meaningful instrument. GAIS was modified to allow evaluation of the cheeks alone.
This was done for each cheek, and then an average of both was calculated.

The FACE-QTM is a new patient-reported outcome instrument (PRO) composed of numerous independently functioning
scales and checklists designed to measure outcomes important to facial aesthetic patients. They are designed to evaluate the
satisfaction of patients with their skin, their face, the decision about the procedure, the satisfaction with the outcome, the
psychological and social function in relation to their facial appearance. The FACE-QTM Satisfaction with face and skin contains,

Figure 1 A timeline with all interventions and the timepoints at which questionnaires were requested.

Figure 2 Graphics modified and reproduced with friendly permission by Courage+Khazaka GmbH, Cologne, Germany. R0 is the maximum skin extension at the first cycle
of applied vacuum. R3 is the maximum skin extension at the last cycle of applied vacuum. In this study 13 cycles were applied to generate the R3 value. R9 is not used in this
manuscript, it is R3–R0, the net tiring value in mm.
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eg, questions about the symmetry, the proportions, the freshness, the attractiveness and hydration of the facial skin. The questions
regarding psychological and social function ask how much patients agree or disagree – with their facial appearance in mind.
Conversion of score points to percentages was done for each FACE-QTM score according to user’s manual.36,41,42

GAIS and FACE-QTM questionnaires were chosen as subjective endpoints to further determine, if cutometry data are
correlated with perceived skin quality changes. Each questionnaire will be briefly outlined in the according result section.

Endpoints
This study has four primary endpoints: Change in skin firmness (R0) from baseline to week 12 and from baseline to week
24 as well as skin tiring (R3) from baseline to week 12 and from baseline to week 24.

Figure 3 Skin firmness (R0) and Skin tiring (R3) recorded at weeks 12, 24 and 48 show significant improvement vs baseline. R0 and R3 are highly significant at week 24 with
***p < 0.001 compared to baseline. Week 12 shows significance with *p < 0.05 for R0 and significance with **p < 0.01 for R3. Week 48 shows significance with **p < 0.01 for
R0 and ***p < 0.001 for R3. Table S1 provides the full data set.

Figure 4 FACE-QTM Data evaluated by questionnaire “Satisfaction with skin” was assessed at Baseline, week 12, 24 and 48. Figure 4 shows change from baseline. Week 12
shows 20.2, week 24 shows 14.6 and week 48 shows 14.4 score points improvement vs baseline. Statistical significance at all timepoints: *** p < 0.001. Table S2 in the
supplementary Document provides the full data set.
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Secondary endpoints of the study are long-term changes in skin firmness (R0) and skin tiring (R3) at 48 weeks as well
as changes in FACE-QTM Questionnaires and changes in GAIS score at any timepoint and safety of BCS treatment.

Sample Size
The sample size calculation was based on the four primary outcomes.

For each primary outcome, a two-sided test problem was established: H0: μ=0 versus H1: μ ≠ 0 where μ denotes the
mean of the intraindividual difference of values.

Therapeutic effectiveness was considered clinically relevant with a mean in the primary endpoints of at least Δ/σ=0.35
for each hypothesis. The tests were carried out for the two-sided global significance level α = 0.05. Because of multiple
comparisons (4 tests) Bonferroni correction was used.

Figure 5 Patient-perceived age at week 24 and 48. Displayed is the difference to perceived age in years at Baseline. ***p < 0.0001.

Figure 6 GAIS score assessed by physician at week 6, 12, 24 and 48. Week 6, 12, and 24 show high significance with ***p < 0.001. One physician scored one patient as
“worse”.
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A minimum sample size of 95 evaluable patients is necessary to demonstrate a significant therapeutic effect with the
paired t-test in the primary statistical analysis with a power of 80%.

We have not defined a drop out rate because we considered every drop out as a therapy failure.

Statistical Methods
Statistical analysis was performed with descriptive methods. Moreover, inferential analyses were carried out using
appropriate significance tests and confidence intervals. Effect Size (ES) Calculation is based on J. Cohen’s Statistical
Power Analysis for the behavioral Sciences43 and evaluated according to Sawilowsky 0.2 small; 0.5 medium; 0.8 strong;
1.2 very large and 2.0 huge.44 Moreover, inferential analyses were carried out using appropriate significance tests and
confidence intervals. Missing values have not been replaced.

Figure 7 GAIS score assessed by patient at week 6, 12, 24 and 48. All time points show high significance with ***p < 0.001. No patient scored herself as “worse”.

Figure 8 Self assessed attractiveness improved significantly when compared to baseline with **p < 0.01 at week 12 and ***p < 0.001 at week 48. Table S7 in the
supplementary document shows all numbers analyzed.
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For each of the four primary outcomes, a two-sided test problem was established and solved accordingly to the
statistical hypothesis given above. Instead of using paired t-test we choose the exact Wilcoxon test with a global
significance level of α = 0.05 (Bonferroni correction for local level α = 0.0125), because of non-parametric data structure.
The interpretation of the results occurred on a confirmatory basis.

The secondary endpoints have been evaluated with a local significance level of α = 0.05.
Safety criteria were evaluated exploratively.
Statistical analysis of primary and secondary endpoints was performed with the full analysis set (FAS) according to

the intention-to-treat (ITT) principle. The ITT patient population includes all patients enrolled regardless of possible
protocol deviations/violations (eg, premature termination of the study or discontinuation of study medication).

The statistical analysis was performed with SPSS version 27.

Results
Recruitment
Ninety-five patients from 6 different sites in Germany were included. Table 2 shows the distribution of patients by study
sites. For general patient characteristics, see Tables 3 and 4.

Outcomes
Primary Endpoints
Skin Firmness and Tiring
Skin firmness (R0) and Skin tiring (R3) were evaluated by cutometry. Both cheeks were examined twice independently,
the two measurements of each side were averaged, then an overall average of both cheeks was calculated.

Supplementary Table S1 provides the cutometry data. Mean inverse skin firmness (R0) is 0.40 mm ±0.0697 mm at
baseline and decreases to 0.38 mm ±0.0849 mm at week 12 (ES = 0.32, p < 0.0148) and to 0.36 mm ±0.0886 mm at week
24 (ES = 0.58, p < 0.0001). Week 48 shows 0.37 mm ±0.0891 mm (ES = 0.35, p < 0.0024). Predefined primary endpoints
are met. Skin firmness improves significantly from Baseline to weeks 12 and 24. Skin firmness also improves from
Baseline to week 48.

Mean skin tiring (R3) is 0.45 mm ± 0.0744 mm at baseline and decreases to 0.42 mm ±0.0939 mm at week 12 (ES =
0.34, p < 0.0064) and to 0.40 mm ±0.0953 mm at week 24 (ES = 0.62, p < 0.0001). Week 48 shows 0.41 mm ±
0.0993 mm (ES = 0.43, p < 0.0005). Predefined primary endpoints are met. Skin tiring improves significantly from
Baseline to week 12 and 24. Skin tiring also improves from Baseline to week 48. Overview see Figure 3.

Table 2 Study Sites in Germany with the
Respective Number and Percentage
Distribution of Included Patients

Center N %

1 20 21,1

2 5 5,3

3 17 17,9

4 21 22,1

5 25 26,3

6 7 7,4

Total 95 100
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Secondary Endpoints
Face-Qtm

Baseline of FACE-QTM Satisfaction with facial appearance is 42.56 (40.50 to 44.62) ±10.13 increasing to 56.31 (54.07 to
58.54) ±10.98 (ES = 0.94, p < 0.0001) at week 12. Week 24 shows 52.17 (49.89 to 54.44) ±11.17 (ES = 0.7, p < 0.0001)
and week 48 51.99 (49.38 to 54.6) ±12.81 (ES = 0.65, p < 0.0001).

FACE-QTM Satisfaction with skin was also assessed at weeks 12, 24 and 48. Baseline values increase from 39.64
±14.37 to 59.82 ±13.0 (ES = 1.07, p < 0.0001) at week 12. Weeks 24 and 48 show almost identical improvements with
54.20 ±12.48 (ES = 0.85, p < 0.0001) and 53.99 ±14.15 (ES = 0.85, p < 0.0001), respectively. Overview see Figure 4.

The results show that patient’s satisfaction with skin as well as facial appearance is highest at week 12 and remains
significantly improved until 48 weeks. Data of FACE-QTM “Satisfaction with facial appearance” and “Satisfaction with
skin” are included in Supplementary Table S2.

FACE-QTM Data on Psychological and Social Function were obtained at Baseline, Week 12, 24 and 48. The results
are in the below text and summarized in Supplementary Table S3.

Baseline for FACE-QTM Data on Psychological Function shows 59.75 ±16.79. The improvement seen at week 12 is to
68.96 ±14.45 (ES = 0.58, p < 0.0001). Weeks 24 and 48 show 66.74 ±17.44 (ES = 0.41, p < 0.0001) and 66.43 ±15.54
(ES = 0.38, p < 0.0003), respectively.

FACE-QTM Data for Social Function is 57.54 ±15.88 at Baseline and shows high improvement at week 12 with 66.03
±16.48 (ES = 0.58, p < 0.0001). Weeks 24 and 48 show 63.81 ±17.42 (ES = 0.47, p < 0.0001) and 62.9 ±17.76 (ES =
0.34, p < 0.0013), respectively.

FACE-QTM “Satisfaction with Decision” and “Satisfaction with Outcome” Data was assessed on week 24 and week
48 into the treatment. The results show almost no difference; both FACE-QTM outcomes do not change after 48 weeks’
time. In the Supplementary Table S4 shows all data.

Age Appraisal and Patient Perceived Age
The Aging appraisal score and the Patient perceived age Visual Analogue Scale are two parts of the FACE-QTM aiming
to assess how old patients think they look and how they feel about the age in respect to their face. The questionnaires
were obtained at baseline, week 24 and week 48. The results demonstrate that patients feel 1.68 years younger in average

Table 3 Information About the Study Population. Patients Tanning Behavior and Summary of Sun Exposure
Through Tanning Salon Visits, Hours of Sun During Vacations or Outdoor Activities in Germany

Description of Population n Mean ± SD

Age 95 50.2 ±8.9

Body height (cm) 94 167.7 ±6.3

Body weight (kg) 94 65.9 ±10.8

Body-Mass-Index 94 23.5 ±3.8

Total amount of obtained serum (mL) 95 20.1 ±3.2

Germany: Outdoor stay in summer (average number of hours per day) 95 3.5 ±1.9

Vacation: Sunbathing within the last 12 months (number of days) 95 15.1 ±21.6

Sunburn within the last 12 months 94 0.9 ±2.6

Sunburn within the last 10 years 94 3.5 ±4.3

Solarium visits within the last 12 months 95 1.6 ±4.9

Solarium visits within the last 10 years 94 12.3 ±38
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in comparison to baseline after 48 weeks, and aging appraisal improved from 52.94 ±16.43 to 65.23 ±18.03 (ES = 0.73,
p < 0.0001) at week 48. Complete data set is shown in Supplementary Table S5. Overview see Figure 5.

GAIS
The GAIS is a questionnaire that is answered by physician and patient. They answer whether or not they see
improvement on each cheek. At week 6, 90.5% of the physicians reported improvement (p < 0.0001). Although it
decreases to 58.9% at week 48, the majority of physicians record improvement. Patients had a superior self-assessment
regarding their improvement. 76.8% saw an improvement at 48 weeks (p < 0.0001). Supplementary Table S6 provides all
the information collected by GAIS. Overview see Figures 6 and 7.

Patient Attractiveness Self-Assessment
The Patient Attractiveness Self-Assessment contains questions that aim to analyse patients’ perceptions of their own
attractivity. They were asked to choose from the following categories: very unattractive, quite unattractive, rather
unattractive, moderate attractive, rather attractive, quite attractive, very attractive. Answers were subcategorized into
Improvement and non-improvement. Improvement was defined when patients viewed their attractiveness at least “rather

Table 4 Patient Characteristics Regarding Weight,
Skin Condition, Skin Sensitivity and Phototype
According to Fitzpatrick. There Were No Patients
with Phototype V or VI

Description of Population n (%)

Total 95 (100.0)

Body-Mass-Index (categorized)

Underweight 5 (5.3)

Normal 63 (66.3)

Overweight 20 (21.1)

Obese Class I 5 (5.3)

Obese Class II 1 (1.1)

Skin condition

Normal 45 (47.4)

Dry 40 (42.1)

Oily 9 (9.5)

Skin sensitivity

Not sensitive 57 (60.0)

Sensitive 38 (40.0)

Skin phototype according to Fitzpatrick

Typ I 1 (1.1)

Typ II 52 (54.7)

Typ III 33 (34.7)

Typ IV 8 (8.4)
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attractive”. All patients that viewed themselves at least “rather attractive” were summed. Data are provided in
Supplementary Table S7. Overview see Figures 8.

Safety Results
Adverse events (AEs) were documented over the whole study period and classified according to seriousness, intensity,
and relationship to treatment. Intensity was classified as: mild (not affecting day-to-day activities), moderate
(affected day-to-day activities), or severe (day-to-day activities or work were no longer possible). Relationship to
treatment was adjudicated as to whether they are device related, procedure related, or unrelated.

Adverse Events
All AEs were documented during the course of the study. The most frequent AEs were hematoma at the site of injection.
Sixteen of the 17 observed hematomas were considered mild. Urticaria (4 incidents), as a side effect of serum injection, is
an ordinary AE should the patient have a disposition. With 95 Patients and 4 injection sessions per patient, a total number
of 380 injection sessions took place. Thirty-six times an adverse event was reported, 9.5% AEs in total. No infections or
dermal necrosis were observed at any time. See Table 5.

Summary of Results
This study demonstrates beneficial effects and safety up to 48 weeks of intra-dermal BCS injections on skin quality as
well as patient wellbeing with face and skin by objective and subjective outcome measures.

Skin firmness (R0) and skin tiring (R3) were chosen as primary endpoints as objective measures analysed by
cutometry. Both parameters show significant improvement at week 24 and 48. The effects of BCS on skin quality
appear to be strongest at week 24 with and less strong by week 48, nonetheless remaining significant.

Secondary endpoints, consisting of subjective questionnaires, demonstrate significant improvement in skin satisfac-
tion, attractiveness and perceived age.

Impressive is (i) the patient’s satisfaction with their skin with a strong ES of 1.07 at week 12 remaining significantly
improved at week 48 and (ii) the patients-perceived age of 1.68 years younger at week 48 compared to baseline.

Self-assessed attractiveness significantly improved at 12 and 48 weeks.
Both GAIS assessments by the doctor and the patient show improvement from baseline up to week 24, whilst at week

48 the patient assessed GAIS maintained significant improvement. FACE-QTM outcomes with respect to satisfaction with
facial appearance, satisfaction with skin, psychological and social function, aging appraisal and patient-perceived age
concur with these results.

Table 5 Adverse Events

Adverse Events (AE) Intensity n related to Treatment

Total number of AEs in 380 treatments: 36 (9.5%)

Injection sites: Hematoma Mild 16

Injection sites: Hematoma Moderate 1

Injection sites: Redness Mild 5

Injection sites: Swelling Mild 5

Injection sites: Swelling Moderate 1

Injection sites: Pain Mild 4

Urticaria Mild 3

Urticaria Moderate 1
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In 380 treatments (95 patients and 4 injection sessions per patient), 36 AEs of mild to moderate intensity have been
observed with the majority being mild hematoma at the injection site. No serious AEs such as infections or dermal
necrosis were observed.

Discussion
The future of anti-ageing in aesthetic dermatology lies in regenerative approaches, healthy aging and inflammation-
resolving boosters with autologous therapies. With its causative modes of action, BCS has the capability to become such
a novel, pan-facial, holistic and unique treatment arm in the field of skin aging.

Ageing, while sharing numerous characteristics with diseases, is not generally considered as a pathology. The scientific
opinions regarding this topic are in flux. Nonetheless, there is an unmet medical need for patients who look for sustained (skin)
health with little side effects in the sense of “beauty as an expression of health” (see “perfectissima et absolutissima sanitas”:46);
a need BTX and HA may possibly help to satisfy. Treatment modalities like BCS, PRP and stem cell therapy follow biological
and autologous principles and aim to narrow this gap, whilst creating a unique and novel treatment pillar in the aesthetic field.
BCS incidentally has been shown to support human adipose stem cell immunomodulary behaviour in vitro.54

Not only in Aesthetics, but also in other medical fields, different measuring tools may produce less than coherent
results. GAIS, FACE-QTM et al have a strong psychological component which may be influenced by fluctuations of
mood, illumination or even decreased eyesight, both in self-assessment and physician-assessment. Both too good and too
bad evaluations are possible. One concept, “Response shift”46,47 tries to define the possible changes in patient and
observer perception over time and applies sophisticated methods. This is one reason why, not only in aesthetics, more
objective measurements are sought in addition. Cutometry, as one such tool, has been used for many years to effectively
document changes in skin properties. It reproducibly documents changes following skin treatment.

The following paragraph was compiled to put our own results and treatment modalities (injectables into the facial
skin) into perspective and compare our findings to those of others using cutometry.

Luebberding et al and Krueger et al studied cutometry for skin mechanics as a function of age.39,40 They found an
imperfect age correlation to cutometric performance of skin implying that the characteristics are more strongly dependent
on the individual person and the skin location. To our knowledge, no publication has produced a clear and linear
correlation of R0, R3 with patient age with a significant patient number. Cutometry is however a good technique to
document mechanical skin changes including firmness and resilience to tiring resulting from (aesthetic) interventions.38

We found few publications comparable to this one, with regard to skin location, treatment modality and cutometric
follow-up ranging from 4 weeks to 48 weeks (see Table 6).

Table 6 shows comparisons between studies performedwith injectables, in skin quality of the facial cheek. These studies were
selected because they also used cutometry as objective measuring tool for skin quality (R0, R3, R5). The present study differs
fundamentally from the other 5 for the following reasons in hierarchical order: i) multi-center ii) follow-up time iii) number of
patients. For all points mentioned, the data scatter of the presented study is inevitably larger than in single center studies with
a low number of patients and a short follow-up time. Therefore, the achieved efficacies at 24 and 48 weeks in this study are
impressive.

BCS has a long history of scientific research and clinical application in human orthopedic pain medicine as well as
veterinary medicine.29–34 BCS has biomolecular impact on various pathways including the innate immune system,
mitochondrial health and reduced radical production. It resolves inflammation and promotes regeneration in order to
restore homeostasis and healthy conditions in diseased or aged tissues. These are the overarching goals of regenerative
therapies, aesthetic or other. Cells are the fundamental building blocks of any tissue. BCS improves cellular health
helping the tissue to regain its appropriate function and structure. Thus, by form and function, BCS differs from
modalities such as hyaluronan, fillers and BTX.

Shirokova et al conducted a study investigating the clinical and biochemical effects of intra-articular BCS injections in
patients with symptomatic knee osteoarthritis. Biopsy analysis showed that BCS injections lead to significant improvement in
viscosity of synovial fluid after 6 months, potentially through induction of HA synthesis. A significant reduction of footprints
of reactive oxygen/nitrogen species (conjugated dienes and nitric oxide) was observed after 3 months, indicating a resolution
of oxidative stress through BCS. Shirokova’s data imply a BCS-triggered induction of rejuvenation-associated changes of
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joint metabolism.33 Her observations, (i) reduction of oxidative stress and resolution of inflammation resulting in pain
reduction and increased Interleukin 1 Receptor Antagonist (IL-1Ra) concentration, (ii) lower activity of proteolytic enzymes
with subsequent less degradation of collagen, hyaluronic acid and other components of the extracellular matrix, may help to
explain improvements in skin.

BCS has shown in several tendon injury studies that it accelerates healing. Both structure and COL1 (Collagen Type I)
gene expression improved.49–51 In an in vitro skin model COL1 and HAS2 (HA-Synthase 2) mRNAs were upregulated.
The same model demonstrated elevated cell proliferation rates.21

Growth factors like TGFb and PDGF, both strongly present in BCS, are known to further induce hyaluronic acid
synthesis and collagen formation.52,53

Skin firmness is directly correlated to collagen content.37 Consequently, an improvement in skin firmness, as observed
in this and other studies, suggests an association between BCS and collagen content/synthesis in the skin, mirroring
published data from an orthopedic context.

Intra-dermal BCS injections have unique properties – with the regenerative characteristic comprising various
biomolecular and biochemical features.

The inherent predefined role and generation of the blood secretome may not suffice the pharmaceutical criteria of
standardization, as it is a self-assembling composition. However, Exokine® device derived BCS is not dependent on

Table 6 Publications with Similarly Conducted Studies with Regard to Injection Location, Injection Frequency and Method as Well as
Cutometry Measurements

Reference #
Patients,
Location

Procedure,
Remarks

Last Follow up
After Last
Procedure

Substance
Used

Cutometry
Parameter

Absolute Measurements:
Baseline→Last Follow Up in mm
[Change]

Reuther
et al 201015

19, cheek
3 sessions

0, 1, 2 months 4 months HA R0
R3

0.29→0.16a [0.13]
0.34→0.2 [0.14]

Hersant
et al 201749

31, cheek
3 sessions

0, 1, 2 months
1 i.d. injection+

1 SkinRoller

6 months PRP+HA R5 0.45→0.52a

Kerscher

et al 201818
42, cheek

4 sessions

0, 1, 2, 3 months

controlled, Abstract
only

3 months BCS

BCS+HA
BCS

BCS+HA

R0

R3

0.40→0.25 [0.15]

0.42→0.31 [0.11]
0.46→0.29 [0.17]

0.47→0.35 [0.12]

Cameli

et al 20219
12, cheek

3 sessions

0, 1, 2 months 1 month PRP R5 0.13→0.22a

Kerscher

et al 20215
21, cheek

4 sessions

0, 2, 4, 12 weeks 3 months BCS R0

R3

0.34→0.16 [0.18]

0.39→0.20 [0.19]

This

publication

95, cheek

4 sessions

0, 2, 4, 6 weeks

multi-center

48 weeks BCS R0

R3

0.4→0.37 [0.03]

0.45→0.41 [0.04]

Pooled R0 mean

R3 mean

R5 mean

0.37→0.25 [0.12]

0.42→0.29 [0.13]

0.29→0.3

Notes: aNumbers deducted from graphs. R0: Skin firmness; lower values indicate higher firmness. R3: Skin tiring upon repeated extension; lower values indicate less skin
tiring. R5: Net elasticity: ratio of immediate (elastic) retraction to immediate (elastic) extension. Higher values indicate improved elasticity. []: Numbers in brackets are the
mean change of a value between baseline and endpoint. Reuther et al used HA for i.d. injections in 19 patients.15 Patients received 3 sessions, one month apart. Hersant et al
used HA+PRP in 31 patients. Patients received 3 sessions with a first procedure i.d. injections followed by SkinRoller application on PRP+HA-moistened skin, one month
apart. Kerscher et al 18 used BCS vs BCS+HA in a controlled study for i.d. injections in 42 patients. Patients received 4 sessions, one month apart. Cameli et al used PRP for i.
d. injections in 12 patients.9 Patients received 3 sessions, one month apart. Kerscher et al used BCS for i.d. injections in 21 patients.5 Patients received 4 sessions at 0, 2, 4, 12
weeks. This study used BCS for i.d. injections in 95 patients. Patients received 4 sessions, 2 weeks apart.
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overly concentrated/dosed factors as in single active substance formulations but rather represents a colorful orchestra of
mediators.

At this point in time, the authors believe that treatment with Exokine® device derived BCS may provide excellent
input for an improved skin homeostasis.

Limitations
The study has a small sample size and is neither controlled nor randomized. The study was performed with the
participation of a regular clientele of the centers to generate data more related to real-world conditions.

The needling may also have contributed to the observed results since micro-needling has shown to reduce scars and
induce collagen synthesis. However, the number of punctures in this study is smaller than in classical micro needling
procedures such as dermal rollers.

The primary objective of the customer as study participant was to have improved facial looks which stands in the way
of participating in a controlled study, given the risk that receiving placebo may not fulfill the desired effect.

Conclusion
Intra-dermal BCS injections resulted in objective and subjective improvement in quality of aged skin. Patients perceive
their face as younger and the satisfaction with one’s face and skin remains significantly higher until 48 weeks of
follow-up.

Some biomolecular characteristics of BCS lend themselves to explanation of the observed clinical effects. BCS can
restore skin quality and health in a safe and potentially rejuvenating manner.

Data Sharing Statement
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