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Background: The polycaprolactone-based filler, (PCL-1, Ellansé-S), forms part of the recently growing portfolio of biodegradable
collagen-stimulating fillers. It is comprised of a suspension of 25-50 micron diameter microspheres of polycaprolactone (PCL) (30%)
in a carboxymethyl cellulose (CMC) gel carrier (70%) and has gained popularity due to its long-term volumizing action.
Objective: This study outlines a retrospective case series of nine patients injected with the PCL-1, for volume augmentation in the
mid-face. Objective volume calculations were performed with the Canfield Vectra 3D Imaging System at two time points post-
implantation, with the objective of determining the longevity of the volumizing effect of the bio-stimulating substance.

Results: A clear increase in volume, between 50-150%, was found in all of the patients at two years, over and above the volume
initially injected. All the patients were satisfied with the longevity of the results.

Discussion: The PCL-based filler is believed to afford immediate volume restoration due to the CMC gel component and a long-term
action due to neo-collagenesis, induced by the PCL microspheres. The CMC gel is known to dissipate within 6-8 weeks, only to be
replaced by new collagen induced by the PCL particles. Thus soft-tissue formation induced by the PCL particles, ultimately leads to
a sustained volumizing effect.

Conclusion: The PCL-based filler is shown to have a sustained volumizing effects of at least 2 years duration with clear evidence of
increase in volume over and above the volume injected, in all of the cases studied. This is indicative of significant neo-collagenesis
induced by the PCL microspheres.
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Introduction

The popularity of fillers for soft-tissue augmentation has increased dramatically in recent years. These medical devices
offer impressive aesthetic improvements in facial contouring and rejuvenation, previously only achievable with surgery.
According to the latest statistics of the American Academy of Plastic Surgeons (ASPS), 3.4 million soft tissue filler
procedures were performed in 2020 and the procedure ranked second amongst the top five cosmetic minimally invasive
procedures after neuromodulator injections.'

The current spectrum of soft-tissue fillers is classified as three main types; permanent non-biodegradable fillers
(polyacrylamide, polymethyl methacrylate, silicone), the biodegradable hyaluronic acid products and biodegradable
collagen-stimulating polymers. Permanent materials are generally not approved by most countries world-wide due to
their potential for inducing long-term and mostly irreversible complications. Several of these fillers are associated with
delayed persistent granulomas, sometimes many years post implantation.

The hyaluronans are, without a doubt, the most widely used soft-tissue filler substances globally, despite the fact that
repeat injections are required to maintain the aesthetic correction. The Hyaluronans are natural compounds and are hence
susceptible to metabolism by endogenous hyaluronidase enzyme. Therefore, their longevity has generally been shown to
be between 6—12 months. The durability of each hyaluronic acid filler depends upon the extent and type of cross-linkage
as well as the concentration and particle size of each specific product. Furthermore, although Hyaluronic acid fillers are

of great value in restoring facial volume, they have limited long-term bio-stimulating effects.?
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In the early 2000’s, the search for biodegradable filler substances with good safety profiles and a longer duration of
action, resulted in the development of a new generation of collagen-stimulating fillers. Two of these substances, Radiesse
(calcium hydroxylapatite filler, Merz aesthetics) and Sculptra (poly-l-lactic acid, Galderma, USA) were FDA approved in
2001 and 2004, respectively. In 2009, a polycaprolactone-based soft tissue filler (Ellansé, Sinclair Pharma, London, UK)
obtained CE marking as a Class III medical device and has gained popularity in Europe and many countries worldwide.
All three bio-stimulating compounds are particulate substances between 25—-50 microns in size that elicit an inflammatory
reaction resulting in encapsulation of the particles and the prevention of their migration. The particles induce type I and
type III collagen as well as new soft tissue formation, resulting in long-lasting cosmetic correction, which may in some
cases persist for well over 2 years.*

The composition of the PCL-based filler comprises round smooth PCL microspheres (30% by volume) homoge-
neously suspended in aqueous carboxymethyl cellulose gel (70% by volume). A range of the PCL-based fillers are
produced depending on the chain length (molecular weight) of the polymer and currently PCL-1 (Ellansé-S) and PCL-2
(Ellansé-M) are available as soft tissue fillers. Both CMC and PCL are classified as GRAS (Generally Recognised as
Safe) by the FDA (Food and Drug Administration, USA) and have been used for many years as resorbable devices. PCL
is a major component of MonocrylTM (Ethicon, Inc; Somerville, New Jersey, USA), a well-known suturing material
used in surgery for many years.® PCL is also used in various drug delivery systems such as CapronorTM, the
biodegradable contraceptive capsule made of PCL containing levonorgestrel.”®

Both animal and human studies have shown the PCL-filler to be a bio-stimulant. The longevity of the aesthetic effects
of PCL-1 and PCL-2 was investigated in a prospective randomised study.’ Forty subjects were treated with either of the
PCL-based fillers, for the correction of the nasolabial folds. The effects were evaluated with the Wrinkle Severity Rating
Scale (WSRS) and/or the Global Aesthetic Improvement Scale (GAIS) by subjects and investigators based on photos, at
different time frames post treatment. At 12 months, the efficacy outcomes on the WSRS and GAIS of both PCL-1 and
PCL-2 were found to be 90% and 91.3% respectively. At 24 months patient satisfaction was high in both cases at 81.5%
for PCL-2 and 72.4% for PCL-1.

The PCL-based filler has also been studied in other areas such as the forechead and hands. Bae et al'® showed the
efficacy on forehead augmentation in 58 Asian subjects up to 24 months post injection. A pilot study on the use of PCL-
filler for hand rejuvenation showed a decrease in visible signs of ageing.''

A review of the literature did not reveal any objective volume evaluation to assess the longevity of the aesthetic
correction achieved by the PCL-based filler. The study presented is the first to investigate restropectively the longevity of
the PCL-based filler using a 3D imaging system.

Three-dimensional (3D) imaging systems for the face and body are currently employed for research and surgical
planning. The Canfield 3D stereophotogrammetric camera and software (Vectra: Canfield Scientific, Fairfield, NJ) is
being increasingly employed in computerised volume calculation post breast augmentation, filler injections and cryo-
lipolysis.'*'> The imaging system has been shown to be reproducible and reliable and the 3D system measurement show
a linear relationship with Magnetic Resonance Imaging.'®

Materials and Methods
This is a retrospective analysis of nine female Caucasian subjects, aged 35-55 years, treated with PCL-based filler (PCL-
1) on the malar area of the face. All of the subjects had not previously had any other filler injected into the face and were
free from any dermatologic or systemic conditions.

The subjects were all models treated during the Aesthetics Anti-aging Injectables courses conducted by the American
Academy of Anti-Aging Medicine (A4M).

Ethical approval for the injection of the subjects during the hands-on training session was obtained from Dubai
Healthcare City authority (United Arab Emirates Government Body), prior to the course.

Consent was obtained from the participants for the publication of their images. Analysis of the data was done by the
International Director of the A4M (author).
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Injection Technique

All subjects receiving filler injections, were pre-treated with an infraorbital anaesthetic nerve block (2% xylocaine
+1:80,000 adrenaline). The PCL-based filler was then injected onto the supra-periosteal plane in the malar area on both
sides of the face, with a 22 Gx50mm blunt-tipped cannula.

Imaging
The Vectra 3D Imaging system (Canfield Imaging Systems, Fairfield, N.J) was used for all pre-op and post-op photos.
The system contains six cameras and captures images in 180 degrees. Standardized full face 2D and 3D images are
generated. The high resolution 3D images produced by the Vectra software can be used for both qualitative volume
visualisation and quantitative volume measurements. Standardized full-face 2D and 3D digital surface imaging were
taken of the nine models at baseline and then at two time points after injection. The first set of images post treatment was
taken between 9-19 months and the second set of images was taken at 24 months. Data from the nine models were
analysed by importing the baseline and the post treatment images into the Vectra mirror analysis 3D software. The mid-
face region was selected in each case and highlighted as the area to be measured. Change in mid-face volume was
computed by registering each of the post-treatment images against the baseline image. All volume measurements were
recorded in millilitres.

Furthermore, qualitative volume visualization of the degree of contour change was made possible with a colour
distance map. (see Figure 1).

Results
All of the patients were satisfied with the longevity of their results and none of the patients experience any treatment
emergent adverse events.

Written informed consent for publication of the images and details was obtained from the patient in each case.

Qualitative Data
Figure 1 is representative of colour distance maps indicating a qualitative change in volume over time. The colour scale
is shown whereby green is baseline and any increase in volume manifests incrementally as yellow and red.

Figure 1 represents a 38-year-old subject who had been injected with a total volume of 1.0cc of PCL-1 on both malar
areas. The yellow and intense red colours are indicative of volume increase from baseline, seen at one year and then two
years post treatment.

Quantitative Data

Table 1 shows the total volume of PCL filler injected for each of the patients. Unfortunately, the time of first
assessment was not consistent for all the models as they did not abide by the 1-year time frame requested for the
first post operative photo. Although we therefore cannot extrapolate information from the first time point volume
measurement, we can clearly see from the data that in all the cases, the volume at first assessment was greater than that
originally injected.

Fortunately, the time of second assessment was consistently at 2 years post-treatment, since the models were offered
further complimentary treatments if they appeared for evaluation at that time. A clear increase at the two year time point
is evident of between 50—-150% over baseline (Table 1). The variation in percentage increase may be explained by inter-
individual differences in mounting a collagen response. This may be explained by differences in patient’s health status,
age and lifestyle.

Discussion
There are 12 types of collagens found in human skin, of which types I and III are the most important. Type I collagen
fibres, which are the most abundant components of the extracellular matrix, are of high tensile strength and impart force
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Baseline image Post 1 year Post 2 years

Baseline image Post 1 ylear Post 2 years

Figure | Frontal and profile colour distance maps of 38-year old patient injected with a total volume of |.0cc of PCL- filler both malar areas.

and resilience to the skin.'” It is important to note that Type I collagen has a very long half-life of 15 years'® and hence,
any procedure which induces the production of this type of collagen, imparts long lasting anti-aging effects.

Currently, only three compounds have been classified as collagen stimulating fillers, namely PLLA, CaHA and PCL.
These agents predominantly owe their volumizing action to the induction of new soft tissue, namely collagen types 111
and I. The efficacy of these bio-stimulating agents in inducing neo-collagenesis and new soft tissue formation is
contingent upon an inherent property of the polymer and the persistence of the bio-stimulant in the tissue to allow for
long-term fibroblast activation. Of the three collagen stimulating agents, only PCL and PLLA have been consistently
shown to have long-term clinical efficacy whereas CaHA, histologically shown to induce type I and III collagen
synthesis, shows great discrepancies in the literature regarding the duration of clinical effect, ranging anywhere from

only 6 to 24 months with several studies demonstrating limited clinical efficacy'® >’

with the filler. A recent objective
evaluation of the longevity of the CaHA-based filler in human subjects, using quantitative 3D evaluation, has shown
a clear decline in volume of 65-96% over five months.>> Considering the long half-life of type I collagen, it stands to
reason that any bio-stimulating filler should ultimately be replaced by endogenous soft tissue, resulting in long-term

clinical efficacy. Hence treatment with an effective bio-stimulating substance, should in the least result in persistence of
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Table | Total Volume in Malar Areas of Patients at Two Time Points Post Injection

Patient | Age Total Time of Ist Volume at Ist Time of 2nd Volume at 2nd Percentage

Code Volume Assessment Assessment Assessment Assessment Increase 24
Injected (cc) (Months) (cc) (Months) (cc) Months (%)

A 42 | 19 293 24 1.9 90

B 40 | 9 1.2 24 20 100

C 35 | 12 2.6 24 25 150

D 37 | 17 24 24 1.8 80

E 44 2 16 5.0 24 3.0 50

F 40 2 14 5.4 24 5.0 150

G 46 2 12 22 24 5.0 150

H 39 2 I 34 24 4.8 140

| 37 2 12 47 24 3.8 90

Note: *All participants were white female patients.

the injected volume or ideally an increase in volume, over and above the amount injected. Hence the biostimulating
effects of CaHA seem to be short-lived. On the other hand, there is substantial evidence for the fact that the other bio-
stimulating agents, PLLA and PCL have long lasting clinical effects.

PLLA has been shown to have a volumizing action of between 2 to 3 years.”>> PLLA is a biodegradable and
biocompatible polyhydroxyacid that does not augment the skin directly but has an indirect effect due to
neocollagenesis.®’**> When injected into the tissue, the particles of PLLA degrade over time, only to be replaced by the
patients’ own collagen, a process that persists for up to 25 months.*'*? Typically repeat injections of PLLA are required, every
6-8 weeks, to induce an effective clinical response. Normally at least 3—4 sessions are required in most cases.

Unlike PLLA, the PCL-based filler, offers both an immediate increase in volume, due to the CMC gel component, and
a sustained effect due to collagen stimulation. In most cases, only one session of the PCL-base filler is sufficient for
effective volume augmentation. The PCL microspheres have been shown to persist in the tissue for over twenty-one
months post injection resulting in primary collagen type I formation.®>*-*

Various studies have demonstrated the collagen stimulating effects of PCL. Implantation of PCL-1 and PCL-2 in
rabbits stimulated the formation of new collagen around the microspheres. Biopsies of tissue stained with Picrosirum red
showed type III and type I collagen present at 9 months post implantation and then predominantly type I collagen was
found around the microspheres at 21 months post implantation.”>**> In a pilot study by Kim and Van Abel,*> two
patients willing to undergo temple lifting surgery, were injected in the temporal area with the PCL-filler and biopsies
were taken at 13 months post-injection. Histological analysis revealed collagen type III and type I formation around the
microspheres. In a later study, Kim®® investigated the effect on dermal thickness of injections of diluted PCL-filler.
Thirteen patients with thin skin each received a single injection of 3cc of diluted PCL (0.5cc) in the dermis of the
forehead, anterior cheek, and temple, however, the right temple was spared to act as an intra-individual control. At
one year, patients underwent temple lifting surgery, during which time ultrasound measurements were performed to
assess skin thickness and skin biopsies were taken. The mean thickness of facial skin at one year was found to increase
by 21%. Immunohistochemistry revealed many fibroblasts and foreign body giant cells as well as evidence of neovas-
cularisation with new capillaries forming around the microspheres. PCL-induced type I collagen and elastin fibres, were
present at six months post implantation.

Previous studies have estimated the duration of action of PCL-1 as being at least 18 months.”'"**73° This has now
been corroborated by the quantitative data presented in this retrospective study, which shows a clear and definite increase
in volume of 50-150%, over baseline at two years. The significant augmentation induced by PCL-1 over and above the
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volume of filler initially injected indicates the stimulation of high levels of type I collagen. Hence extrapolating from the
fact that Type I collagen has a long half-life, we may assume that the volume augmentation with PCL-1 should persist
well over the 2 year time frame. There is no doubt that further objective studies are warranted to assess the longevity of
the clinical effect of the filler and whether or not soft-tissue augmentation continues beyond two years. Furthermore, the
limitation of this study is the small sample size and a larger scale prospective study is warranted to further investigate
these findings.

These findings imply that a conservative approach should be adopted with respect to the volume injected for
correction of the face with the PCL-based filler, to allow for the significant augmentation that may occur with time.
This may pose a disadvantage for use of this filler as under-correction is required and ultimately, the final aesthetic
correction may not be predictable solely on the basis of the volume injected.

Conclusion

Polycaprolactone is a proven biostimulant as shown by histological evaluation. The objective volume assessments
performed with the Canfield Vectra 3D analysis system, showed a clear increase in volume with time at two years
post implantation. This significant volume augmentation can only be explained by the powerful neo-collagenesis induced
by the PCL microspheres.

Disclosure
The author reports no conflicts of interest in this work.
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