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Purpose: Porcine-based dermal injectable collagen is effective for nasolabial fold correction. In the present study, a new dermal injectable
collagen, incorporating a novel cross-linking technology and premixed with lidocaine, was introduced. The study aimed to determine the
efficacy of the new dermal injectable collagen in improving bilateral nasolabial fold wrinkles, and reducing pain during injection.
Patients and Methods: This prospective, double-blind, multicenter, parallel-group, randomized trial enrolled participants with
moderate-to-severe bilateral nasolabial fold wrinkles from February 2019 to March 2021. Participants were randomly assigned to the
test group (new dermal injectable collagen with lidocaine featuring a novel cross-linking technology) or control group (traditionally
cross-linked dermal injectable collagen with lidocaine). Participants were monitored for adverse events (AEs), and for pain using the
Thermometer Pain Scale (TPS) and a visual analog scale (VAS). Efficacy was measured using the Wrinkle Severity Rating Scale
(WSRS) and the Global Aesthetic Improvement Scale (GAIS).

Results: On the poor or better sides, the 2 groups exhibited a significant decrease in WSRS scores at 4, 12, 24, and 36 weeks after
treatment, compared to baseline WSRS scores (all, p < 0.05). Compared to the control group, the test group had a greater decrease in
WSRS score (poor or better sides) at 12, 24, 36, and 52 weeks after treatment (all, p < 0.05). A similar observation was also found in the
WSRS response rate and GAIS score of the 2 groups. VAS and TPS scores were not significantly different between the 2 groups (p > 0.05),
indicating that pain reduction was similar in the 2 groups. All AEs were anticipated AEs associated with facial aesthetic injections, and
most recovered within 0 to 30 days without sequelae. There were no differences in AEs between the 2 groups (all, p > 0.05).
Conclusion: The new dermal injectable collagen with lidocaine exhibited better efficacy for correcting nasolabial fold wrinkles
compared to the control group. Both relieved pain and produced only transient and tolerable AEs.
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Introduction
Skin aging and obvious wrinkles can lead to low self-esteem and affect quality of life psychologically and socio-culturally.' It has

been demonstrated that fragmented collagen fibers and reduced collagen synthesis in the dermal layer lead to a thinner dermis and

Clinical, Cosmetic and Investigational Dermatology 2024:17 16211631 1621
Received: 10 November 2023 © 2024 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 6 May 2024
Published: 8 July 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4937-7557
http://orcid.org/0000-0001-8155-3077
http://orcid.org/0000-0002-8440-2351
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yang et al Dove

the appearance of static wrinkles.” This suggests that collagen supplementation can be used to correct static wrinkles. As such,
collagen filler is an ideal option for treating collagen deficiency and the wrinkles associated with aging skin.**

The Food and Drug Administration (FDA) has approved a number of injectable collagen fillers for filling and
repairing imperfections such as wrinkles, acne vulgaris scars, and minor trauma scars. These collagen fillers were made
of materials from different sources: bovine-based collagen fillers (eg, Zyderm and Zyplast), porcine-based collagen fillers
(eg, Evolence), and human-based collagen fillers (eg, Cosmoderm, Cosmoplast).>® However, due to zoonosis, allergic

reaction, high management costs, or its susceptibility to enzymatic degradation,”®

collagen fillers such as Zyderm,
Zyplast, Evolence, Cosmoderm, and Cosmoplast have been withdrawn and are no longer available in the United
States.'®'® Consequently, there is an urgent need to develop a new collagen filler that offers better safety, increased
longevity, and greater volume correction of wrinkles and other facial imperfections. Due to this, several commercial
porcine collagen-based products are available and are used principally for facial contouring.'*'¢

Sunmax Biotechnology has extensive experience in developing porcine-derived collagen materials and medical devices such
as dermal injectable collagen. The first dermal injectable collagen product launched by Sunmax was approved by Taiwan Food
and Drug Administration (2006, TFDA) for correction of facial skin defects and wrinkles. The second generation of the dermal
injectable collagen product line is a device incorporating slightly cross-linked collagen using conventional cross-linking agents to
produce moderate resistance to proteases and is stable at the implant site for a longer period of time, thereby improving its efficacy.

Recent studies have reported that pain is a common complaint of people receiving dermal filler injections.>'”"'® In 2010,
Weinkle et al'® compared 2 methods for bilateral nasolabial folds treatment: a premix of Dermicol-P35 27G and 0.3%
lidocaine, and placement of a local anesthetic patch followed by injection of Dermicol-P35 27G, and shows that patients who
received the premix of Dermicol-P35 and 0.3% lidocaine experienced significantly less pain without compromising efficacy.

Based on the aforementioned study, a cross-linked dermal injectable collagen was developed to deliberately
incorporate lidocaine, in order to provide a local anesthetic effect and directly relieve pain during injection. This third
generation of dermal injectable collagen was approved by TFDA in 2014. Subsequently, a novel dermal injectable
collagen was developed using an innovative cross-linking technology, with the addition of lidocaine. The safety and
longevity of the new injectable collagen have been assessed based on ISO 10993 standards, and the characteristics of the
extensively cross-linked collagen have been studied and compared with its predecessors.

Thus, the purpose of this study was to further determine the effectiveness of the new dermal injectable collagen in
improving bilateral nasolabial folds and reducing pain during injection due to the addition of lidocaine to the injectable.

Methods
Study Design and Participants

This was a prospective, randomized, double-blind, multicenter (Linkou Chang-Gung Memorial Hospital, Tri-Service General
Hospital, and National Taiwan University Hospital) clinical trial in Taiwan. Randomization codes were generated using SAS™
version 9.2 software, with a blocking size of 4. The study was designed in compliance with Consolidated Standards of
Reporting Trials (CONSORT) guidelines. The study design is shown in Figure 1. The inclusion criteria were as follows: 1)
Male or female 20 to 65 years old; 2) Bilateral defects in the bilateral nasolabial folds of grade 3 or 4 (moderate-to-severe) on
the Wrinkle Severity Rating Scale (WSRS);*® 3) Willingness to receive soft tissue augmentation for wrinkle treatment; 4)
Willingness to avoid other facial aesthetic therapy during the clinical trial; 5) Healthy facial skin without any disorder that
interferes with the assessment of skin aging (eg, facial nerve disorders); 6) Provided written informed consent for participation
in the trial. Exclusion criteria were as follows: 1) A history of anaphylactoid reaction, auto-immune disease, or allergies to
collagen and lidocaine; 2) Coagulation disorder, 3) Females with a positive pregnancy test at screening, plan a pregnancy, or
are breastfeeding; 4) Infection, severe skin disease, inflammation, or related symptoms on the nasolabial folds, or keloid; 5)
Severe cardiac, renal, hepatic, or respiratory diseases; 6) A clinically diagnosed mental illness; 7) Alcohol use disorder
(According to American National Institute of Health standards); 8) Use of immunosuppressive drugs, chemotherapy, systemic
steroids, anticoagulant treatment, or non-steroidal anti-inflammatory drugs (NSAIDs); 9) Permanent implants in the nasolabial

folds area; 10) Prior nasolabial fold augmentation treatment or correctional procedure.

1622 " Clinical, Cosmetic and Investigational Dermatology 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

Between February 2019 and March 2021, 267 participants were screened (Figure 1), and 27 were excluded for not
meeting the inclusion criteria. After randomization, 116 participants were assigned to the test group (Sunmax
FULLSGEN with lidocaine), and 124 to the control group (Sunmax FACIALGAIN collagen implant with lidocaine).
Upon the recommendation of the Data and Safety Monitoring Board (DSMB), 12 additional participants were added; 7
were randomly assigned to the test group and 5 were assigned to the control group. Thus, a total of 252 participants were
included in the Full Analysis Set (FAS) cohort; 123 in the test group and 129 in the control group. Of these participants,
122 in the test group and 125 in the control group completed the treatment and follow-up, and were included in the per-
protocol (PP) cohort.

Ethical Considerations

The study complied with the Declaration of Helsinki. The study was approved by the Institutional Review Board or
Research Ethics Committee of Tri-Service General Hospital (IRB No. 1-107-03-001), Chang Gung Medical Foundation
(IRB No. 201801242A0), and National Taiwan University Hospital (REC No. 201809007DSA) and registered in
ClinicalTrials.gov (NCT03844529), written informed consent was obtained from patients for all patients.

Injection Procedure and Dose

All injection depths were mid to deep in the dermis. Injections were performed with a 25G blunt needle through a small
opening. Based on physicians’ assessment, the injection methods include linear injection (96 cases in test group and 98 cases
in control group), fan-shaped injection (37 cases in test group and 39 cases in control group), fishbone (fern-shaped) injection

First Round Screening (n=267)

————3| Screenedout (n=27)

Study cohort (n=240)

Randomization

Test group (n=116) Control group (n=124)

|

DSMB recommendation
D E— and randomization
(n=12)

[ l
Test group (n=123) Control group (n=129)

I I

Treatment
——— Early withdraw (n=5)
Test group (n=122) Control group (n=125)
Figure | Flow diagram of participant inclusion.
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(4 cases in test group and 1 case in control group), and others (1 case in control group). The test group was injected with 1.9 +
0.74 mL Sunmax FULLSGEN with lidocaine (Sunmax Biotechnology Co., Ltd., Tainan City, Taiwan) in each nasolabial fold,
while control group was injected with 2.1 + 0.73 mL Sunmax FACIALGAIN with lidocaine (Sunmax Biotechnology Co.,
Ltd., Tainan city, Taiwan) in each nasolabial fold.

Outcome Measures

The primary efficacy endpoint was the Wrinkle Severity Rating Scale (WSRS) response rate (defined below) at the 24th
week after injection, as assessed by the evaluators. The secondary efficacy endpoint were 1) WSRS response rate at the
4th, 12th, 36th, and 52nd week after injection as assessed by the evaluators; 2) WSRS score at the 4th, 12th, 24th, 36th,
and 52nd week as assessed by the evaluators; 3) Comparison of the difference between the baseline score and the WSRS
score at the 4th, 12th, 24th, 36th, and 52nd week after injection as assessed by the evaluators; 4) Global Aesthetic
Improvement Scale (GAIS) score improvement at the 4th, 12th, 24th, 36th, and 52nd week after injection as assessed by
the participants; 5) GAIS score improvement at the 4th, 12th, 24th, 36th, and 52nd week as assessed by the evaluators; 6)
Visual Analogue Scale (VAS) pain score within 30 mins after injection as assessed by the participants; and 7)
Thermometer Pain Scale (TPS) score within 30 mins after injection as assessed by the investigator. Scores used for
outcome assessment must have been agreed to by at least 2 evaluators. When the results of the 3 evaluators were not
consistent, re-assessment was required until the scores of at least 2 evaluators were consistent.

The severity of nasolabial fold wrinkles was divided into 5 grades based on the WSRS scale, with grade 1 being the
mildest and grade 5 being the most severe. Wrinkles were defined as effectively improved (WSRS response rate) if the
improvement in score was >1. The degree of GAIS improvement was divided into 5 grades, 1 was defined as very much
improved, and 5 as worse than before. By investigator’s evaluation, the “poor side” was defined as the side with the worst
result at the 24th week after treatment, and the “better side” was defined as the side with greater improvement in score at
the 24th week after treatment. The WSRS response rate was calculated using the formula:

Number of improved subjectsxih week

WSRS response rate = x100%

Number of improved subjectsxi week + Number of non — improved subjectsxih week

Assessment of Adverse Effects

The adverse effects (AEs), including adverse reactions such as nodule, pain, swelling, tenderness, contusion, erythema,
pruritus, and skin exfoliation,?' were evaluated in the 2 groups within 52 weeks after treatment. The severity of AEs was
assessed according to the following criteria: level 1 (mild), the adverse events that did not affect the daily activity of the
subjects; level 2 (moderate), the adverse events impacted the daily activity of the subjects but they do not need any
medical intervention; level 3 (severe), the events affected the daily activity of the subjects and they need the medical
intervention.

Statistical Analysis

The Z-test with continuity correction was used to compare the WSRS response rate of the 2 groups. Descriptive statistics
were used to analyze the mean and distribution trends of VAS and TPS scores, and the #-test was used to analyze the
other secondary endpoints. If the data were not normally distributed, the Mann—Whitney U-test was used to compare the
scores for the 2 groups. However, the comparison of the response rates between the 2 groups was still performed using
the chi-squared test with continuity correction. All statistical assessments were 2-tailed, and p-values <0.05 were
considered statistically significant. Statistical analyses were conducted using SAS statistical software (Version 9.4,
SAS Institute, Cary, North Carolina, USA).

Results

Patient Characteristics
The characteristics of the FAS cohort (n = 252) are summarized in Table 1. The mean age of both groups was 45 years,
and the majority of participants in both groups were female. The baseline WSRS score on the better side was 3.5 £ 0.50
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Table | Participant Characteristics

Variables Test Group Control Group p-value
(n=123) (n=129)

Age (years) 45.0 + 8.58 449 £ 7.63 0.872

Sex

Male 7 (5.7) 9 (7.0)

Female 116 (94.3) 120 (93.0) 0.676
BMI (kg/m?) 23.0 + 3.86 23.2 £ 3.60 0.614
Medical history 63 (51.2) 62 (48.1) 0.616
Concomitant medications 63 (51.2) 69 (53.5) 0815
Physical examination 0.999

Normal 123 (100.0) 128 (99.2)

Abnormal 0 (0) | (0.8)

Baseline WSRS score
Poor side 3.4+ 050 34+ 049 0.653
Better side 3.5 +0.50 34 +049 0.085

Note: Data presented as mean * standard deviation, or count (percentage).

Abbreviations: BMI, body mass index; WSRS, Wrinkle Severity Rating Scale; VAS, visual analog
scale; TPS, Thermometer Pain Scale.

in the test group and 3.4 £ 0.49 in the control group. The baseline WSRS score on the poor side was 3.4 £+ 0.50 in the test

group and 3.4 + 0.49 in the control group. Demographic and other characteristics were similar between the test group and

the control group (all, p > 0.05). There was no significant difference in the baseline severity scores (WSRS, GAIS, VAS,
and TPS) of the poor side or the better side between the 2 groups (all, p > 0.05).

Outcomes of Dermal Injectable Collagen Therapy
The study used the FAS cohort to examine the primary and secondary endpoints. On the poor and better sides, there was

a significant decrease of WSRS scores at 4, 12, 24, 36, and 52 weeks after treatment compared to baseline WSRS scores

(all, p < 0.05, Table 2). However, the control group had no significant decrease of WSRS score at 52 weeks after

treatment compared to the baseline WSRS score on poor side (p > 0.05, Table 2). The test group had a greater decrease of

WSRS score of the poor side at 12, 24, 36, and 24 weeks after treatment than the control group, and the test group had

Table 2 Differences Between the Baseline WSRS Score and
Scores at the 4th, |2th, 24th, 36th, and 52nd Week

Variables Test Group Control Group p-value
(n=123) (n=129)

Poor side
4™ week -1.5+073 —1.4 £ 0.65 0.219
12 week —1.4 £ 0.69 -1.0 £ 0.54 <0.001*
24 week -1.2 £ 0.64 —0.6 £ 0.51 <0.001*
36™ week -0.8 £0.72 —0.1 £0.52 <0.001*
52" week 0.6 £0.72 —0.0 £ 0.46 <0.001*

Better side
4™ week -1.8£0.72 —1.6 £0.58 0.017*
12" week -1.6 £0.70 —1.1 £0.54 <0.001*
24 week —1.4 £ 0.66 —0.9 £ 048 <0.001*
36™ week —1.1 £0.67 —0.4 £ 0.50 <0.001*
52" week -0.9 £0.73 —0.3 £ 043 <0.001*

Note: Data presented as mean * standard deviation. ¥p<0.05.
Abbreviation: WSRS, Wrinkle Severity Rating Scale.
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Figure 2 WSRS response rate assessed by the evaluators Left panel, Poor side. Right panel, Better side. *p<0.05, **p<0.001.

a greater decrease of WSRS score of the better side at 4, 12, 24, 36, and 52 weeks after treatment (all, p < 0.05, Table 2).
Furthermore, compared to the control group, the test group had a high WSRS response rate of the poor side at 12, 24, 36,
and 52 weeks after treatment (all, p < 0.05, Figure 2). In the test group, the WSRS response rate of the better side was
significantly increased at 24, 36, and 52 weeks after treatment (all, p < 0.05, Figure 2). At 52 weeks after treatment, the
WSRS response rate on the better side was 68.6% in the test group and 21.0% in the control group, while the response
rate on the poor side was 49.6% in the test group and 8.1% in the control group.

The GAIS score improvement on the poor side and better side as assessed by the evaluator are shown in Table 3. On
the poor side, there was a significant difference between the 2 groups starting at 4, 12, 24, 36, and 52 weeks after
treatment (all, p < 0.05). The mean GAIS score improvement in the test group at the above times points was 1.7, 2.0, 2.3,
2.6, and 2.8 and in the control group the mean improvement was 1.8, 2.4, 2.9, 3.3, and 3.7, respectively. On the better

Table 3 GAIS Score Improvement at the 4th, |2th, 24th,
36th, and 52nd Week

Variables Test Group | Control Group | p-value
(n=123) (n=129)

Poor side
4" week 1.7 + 0.64 1.8 +0.55 0.044*
12" week | 2.0 +0.70 24+ 06l <0.001*
24" week | 23073 2.9 + 0.56 <0.001*
36™ week | 2.6 + 0.84 3.3+ 068 <0.001*
52" week | 2.8 £+ 0.86 3.7 £0.54 <0.001*

Better side
4" week 1.6 + 0.63 1.8 +0.59 0.062
12" week | 1.9 +0.70 2.3 % 0.64 <0.001*
24" week | 22+ 0.70 2.8 + 0.55 <0.001*
36™ week | 2.6  0.80 32+ 068 <0.001*
52" week | 2.7 £ 0.84 3.5+ 0.60 <0.001*

Notes: Data presented as mean * standard deviation. *p<0.05.
Abbreviations: GAIS, Global Aesthetic Improvement Scale; Thermometer
pain scale.
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side, there was a significant difference between the 2 groups starting at 12, 24, 36, and 52 weeks after treatment. The
mean GAIS score improvement in the test group at the above time points was 1.9, 2.2, 2.6, and 2.7 and in the control
group was 2.3, 2.8, 3.2, and 3.5, respectively (all, p < 0.05). However, there was no significant difference between the 2
groups at 4 weeks post-treatment (p = 0.062).

The VAS pain score assessed by the participants and the TPS score assessed by the investigator within 30 minutes
after treatment were compared between the 2 groups. As shown in Table 4, the mean VAS pain score in the test group
was 3.2 and in the control group was 2.9 (p > 0.05). A similar result was observed for the TPS score.

Safety
Table 5 summarized the adverse events reported within 52 weeks after treatment, with a total of 217 people reported with
AEs (112 in test group and 105 in control group). The total count of AE was 1021, including 535 in test group and 486 in

Table 4 Pain Score Within 30 Minutes After Injection

Variables Test Group Control Group p-value
(n=123) (n=129)

VAS 32+ 1.72 29 + 1.68 0.190

TPS 3.1 + 1.64 28+ 1.63 0.131

Note: Data presented as mean * standard deviation.
Abbreviations: VAS, visual analog scale; TPS, Thermometer Pain Scale.

Table 5 Adverse Events in the 2 Group

Test Group Control Group p-value
(n=123) (n=129)
Number of people with adverse event, n (%) 112 (91.1) 105 (81.4) 0.139
Total adverse event count, n 535 486
Adverse event type, n (%)
Nodule 37 (30.1) 34 (26.4)
Pain 53 (43.1) 38 (29.5)
Swelling 74 (60.2) 64 (49.6)
Tenderness 73 (59.3) 72 (55.8)
Contusion 38 (30.9) 26 (20.2)
Erythema 13 (10.6) Il (8.5)
Pruritus 24 (19.5) 16 (12.4)
Skin exfoliation 15 (12.2) 9 (7.0)
Adverse event severity, n (%)
Mild 530 (99.1) 478 (98.4)
Moderate 5 (0.9) 8 (1.6)
Severe 0 (0) 0 (0)
Causality, n (%)
Not related 179 (33.5) 170 (35.0)
Unlikely related 5(0.9) 30 (6.2)
Possibly related 95 (17.8) 100 (20.5)
Related 245 (45.8) 186 (38.3)
Adverse event outcome, n (%)
Recovered/ Resolved 482 (90.1) 448 (92.2)
Recovered with Sequelae 0 (0) 0 (0)
Ongoing 53 (9.9) 38 (7.8)

Notes: Data presented as count (percentage). Mild adverse reaction was defined as adverse reactions not involving items of
moderate and severe adverse reaction. Moderate adverse reaction was defined as “requires or prolongs hospitalization”. Severe
adverse reaction was defined as “persistent or significant disability/incapacity, life threatening and/or results in death”.
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control group. There were no significant differences between the 2 groups with respect to the number and type of AEs
(all p > 0.05), most AEs were mild. Within the AEs, only 63.6% in test group and 58.8% in control group were related or
possibly related to the device. Most of these medical device-related adverse events resolved within 0 to 30 days without
sequelae (99.7% in test group and 100% in control group). Many of AEs were common complications in dermal filler
treatment, which were happened around the injection site, such as erythema, swelling, pain, tenderness, contusion,
pruritus, nodule, and rash. Besides, there were no severe adverse reaction happened in this trial.

Discussion

Porcine collagen is widely used to treat various conditions, such as gynecologic surgery,”* orthopedic surgery, and
abdominal wall surgery?* due to its high biocompatibility with human tissue. Additionally, porcine-based dermal collagen
is effective for the treatment of facial wrinkles, including the tear-trough deformity®> and nasolabial fold wrinkles.?®
Notably, Lorenc et al*” showed that porcine collagen filler required a lower extrusion force and yield point compared with
hyaluronic acid-based fillers, and these properties allow clinicians to inject the filler more comfortably and precisely.

The new dermal injectable collagen with lidocaine is a porcine-derived collagen device that has been newly
developed by Sunmax Biotechnology Corporation. It is composed of cross-linked collagen fibers employing a novel
cross-linking technology, and the novel properties make it an effective and convenient dermal filler. Using cross-linking
agents, such as the well-known cross-linking agent — glutaraldehyde, in the dermal filler manufacturing process increases
the stability of the molecular structure of the collagen matrix.”® Cross-linking technology also enhances the mechanical
properties of a conventional collagen-based filler. There are studies showed the durability and safety of second generation
dermal injectable collagen has been demonstrated in animal models®® and patients® to address the importance of cross-
linking technology. As a result, the novel cross-linking technology led to a better performance of the new dermal
injectable collagen in WSRS and GAIS scores in the present study, compared to the control group. Further, because
porcine collagen does not trigger a chronic inflammatory response’! and is associated with infrequent and mild allergic
reactions,’” a skin test does not need to be performed before treatment with the new dermal injectable collagen with
lidocaine. Thus, aesthetic procedures can be performed immediately after diagnosis.

Discomfort during aesthetic procedures may be a concern for some patients desiring facial rejuvenation.>'”'® Busso et al*®
reported that mixing calcium hydroxyapatite with lidocaine before injection reduced patient discomfort without affecting the
physical properties of the dermal filler. Additionally, Weinkle in 2010'° showed that Dermicol-P35 27G premixed with lidocaine
provided substantially better pain relief than Dermicol-P35 27G injected after application of a topical anesthetic. Currently, no
further study has investigated the effects of collagen-based dermal filler with lidocaine in aesthetic procedures. In this study,
patients treated with the new dermal injectable collagen with lidocaine had a mean VAS pain score of 3.2 and a mean TPS score
of 3.1 within 30 minutes after injection. Previous studies suggest a VAS score of 3 after dermal injection with hyaluronic acid
(HA)** and a TPS score of 2 after dermal injection with Dermicol-P35 27G premixed with lidocaine'® represent mild pain. Thus,
our results indicate that the new dermal injectable collagen with lidocaine treatment is associated with only minimal pain.

Factors associated with skin aging can be classified into 2 categories, intrinsic and extrinsic.”® Regardless of reason,
wrinkles and reduced elasticity are typical phenomena of skin aging and the result of progressive atrophy of the dermis.*® One
of the main mechanisms of dermal atrophy is thought to be a reduction in the amount of extracellular matrix (ECM),
particularly collagen in the dermis.’ In the formation of wrinkles in aged skin, the production of collagen decreases and its
degradation increases, which leads to an overall reduction in collagen amount.*® The decreased synthesis and replacement rate
causes collagen matrix loss, and thus skin collapse and loss of elasticity, which in turn leads to the appearance of wrinkles,
folds, and facial contour changes,*® Most antiaging approaches target and aim to reverse this process.*’ Due to this, several
commercial porcine collagen-based products are available, and are used principally for facial contouring, such as for the

14,16,41 hpS,41 15,43 and

nasolabial folds, glabellar groove,'> post-rhinoplasty dorsal irregularities,'>** depressed acne scars,
augmentation.*’ In the present study, the results of WSRS and GAIS evaluation demonstrated that a porcine collagen-based
dermal filler is effective for the treatment of facial wrinkles, including moderate-to-severe bilateral nasolabial folds. According
to these findings, we suggest that further investigation should be performed to determine the efficacy of this dermal filler for
treating other facial contour changes (eg, lips, glabellar groove, post-rhinoplasty dorsal irregularities, depressed acne scars and

augmentation).
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Compared to the baseline WSRS score, the scores on the poor and better sides at 4, 12, 24, 36, and 52 weeks after were
significantly decreased in participants receiving either the test group or the control group. Notably, the test group resulted in
a high WSRS response rate at 12, 24, 36, and 52 weeks, indicating that cross-linked porcine collagen prolongs the effect of
the collagen filler. However, we still observed a declining trend in WSRS score difference when comparing the score at 52
weeks to the baseline score. A similar observation was also found in the WSRS response rates and the GAIS scores of the 2
groups. This may be due to degradation of the collagen-based matrix by in vivo collagenase.'* Previous studies have shown
that the majority of patients require touch-up injections approximately every 3—12 months.** Nevertheless, patients with
moderate-to-severe bilateral nasolabial folds who received the test group were able to obtain a WSRS response rate of
68.6% on the better side, and 49.6% on the poor side at 52 weeks after treatment.

HA fillers are widely accepted due to their properties, such as an excellent risk—benefit ratio, simplicity of use, long-
lasting effects, versatility, and reversibility.*> Other reported adverse effects associated with HA-based dermal fillers

include surface irregularities, Tyndall effect and late onset nodules,***”

which were not observed in the present study of
collagen-based dermal filler. Collagen-based dermal filler has been reported to reduce downtime, bruising, and pain
during injection, and restore the lost structural components to aging skin.*’

As with any medical procedure, dermal filler injections come with risks. Most adverse reactions associated with
injectable fillers occur at an early stage after injection and usually resolve within a few days. According to information
published by the US FDA on the risks associated with soft tissue fillers, some adverse reactions may occur weeks,
months, or years after the injection. All injectable fillers may lead to short-term and long-term side effects, or both.
Common adverse effects include contusion, redness, swelling, pain, tenderness, pruritus, and rash. Less common adverse
effects include lumps (nodules or granulomas) that form under or inside the skin that may need surgical removal,
infection, open wounds that require drainage, sores at the injection site, allergic reactions, and necrosis of tissue.”!
Results of the present study showed that the incidence of adverse reactions in the test group was 81.3% and that in the
control group was 72.9%, and the difference was not significant. At the end of the trial, most adverse reactions had
resolved or were under control. In addition, no serious adverse reactions or allergic adverse reactions occurred in either
group. These results suggest that the new dermal injectable collagen employing the novel cross-linking technology and
premixed with lidocaine has a good safety profile. However, a previous study reported that a cross-linked porcine-based
collagen filler should not be injected into the lips due to the high incidence of nodule formation.*® For this reason, further
investigation of the safety of the new dermal injectable collagen with lidocaine used in other facial areas is necessary.

A limitation of this study was that touch-up treatments with either the test group or the control group were not offered
to the participants. Previous studies have indicated that repeated treatments with dermal fillers may be needed for optimal
correction.*®>° Thus, the inclusion of touch-up injections in this study may have increased the effectiveness of the two
dermal injectable collagen devices and participant satisfaction.

Conclusion

The new dermal injectable collagen, featuring a novel cross-linking technology and premixed with lidocaine, exhibited
significant superiority at the primary efficacy endpoint, and later follow-up time points, as compared with the traditionally
cross-linked injectable collagen, for correcting nasolabial fold wrinkles. Although the new dermal injectable collagen with
lidocaine showed a slight increase in pain and mild to moderate adverse events after treatment, these results indicate that the
devices studied may be worthwhile options for patients seeking both convenient and long-lasting aesthetic treatment.
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