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Abstract

Background: Aliaxin fillers (HA, ), produced by IBSA Farma-
ceutici Italia SrL (italy), are biodegradable, non-pyrogenic,
14-butanediol diglycidyl ether cross-linked hyaluronic acid
(HA) hydrogels. The formulations are tailored for differ-
ent clinical indications, ensuring precise and natural out-
comes. Their cohesivity and tissue integration capabilities
are associated with relatively few adverse events (AEs),
supporting their widespread use in aesthetic treatments.
This article examines the real-world safety profile of HA |
fillers derived from worldwide post-marketing surveillance
data.

Methods: Post-marketing surveillance was registered by
the manufacturer from January 2018 to September 2023.
During this period, product complaints were globally
gathered from healthcare practitioners and consum-
ers, relating to technical issues or safety and product-
related adverse events.

Results: No discernible trend or substantial escalation
in AEs across the entire product range were observed
during the surveillance period (p>0.05). No statistically

Introduction

Hyaluronic acid (HA)-based cross-linked fillers are valu-
able tools in aesthetic medicine to achieve durable vol-
umetric correction and skin texture improvement. They
are preferred by many injectors and patients for their tis-
sue biocompatibility, safety and natural-looking results.”?

significant increases (p>0.05) in the frequency or sever-
ity of safety incidents and AEs were observed. The most
frequently observed AEs were oedema (26%) and swell-
ing (19%).

Conclusion: The analysed data further support and
confirm the high safety profile of the HA,  fillers for differ-
ent approaches in aesthetic medicine. This evaluation
also highlights the importance of post-marketing anal-
ysis by continuing to foster a robust understanding of
products currently used in daily clinical practice.

Keywords: BDDE cross-linked dermall filler, filler complica-
tions, hyaluronic acid, injectable safety, post-marketing
surveillance, safety.
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With the steadily increasing number of HA filler proce-
dures performed worldwide, broader clinical indications,
and the advent of sequential treatments over years and
decades, there is also an expected escalation in reports
of complications. It is a fundamental principle of ethics
and patient safety for all filler manufacturers to objec-
tively collate and publish pharmacovigilance data for
procedures performed using their products. A number of
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variables have been implicated in the onset of adverse
events (AEs) subsequent to HA filler injections® includ-
ing patient history, product characteristics and the injec-
tion technique used to administer the product.

The most common AEs associated with HA fillers include
oedema, bruising, granulomas (often without histo-
pathological confirmation), inflammatory  nodules,
angioedema, skin induration and delayed swelling,
lumps or nodules.”® These adverse reactions are typ-
ically mild and transient, with swelling being the most
frequently reported complication.®™ Foreign body gran-
uloma has also been reported as an AE, though histo-
pathological and other confirmation that this is due to
the HA filler rather than contaminant microbes or non-
filler foreign bodies introduced during injection would be
required for definitive diagnosis.®? With these caveats,
the reported rate of granuloma following HA filler treat-
ment is between 0.02% and 0.4%, although there have
been recent reports of a higher incidence since the
COVID-19 pandemic.5131

The range of Aliaxin HA (HA, ) fillers (IBSA Farmaceutici
ltalia Srl, Italy) evaluated in this report are biodegrada-
ble medical devices composed of a sterile, HA hydrogel
cross-linked with 1,4-butanediol diglycidyl ether (BDDE).
Investigations regarding the safety of BDDE cross-
linking have focused on the presence of residual, unre-
acted BDDE-containing epoxide groups, after the filler
cross-linking reaction is completed (Figure 1). However,
it is reported that the epoxide groups can be easily
hydrolysed to non-toxic chains.® No direct evidence of
a potential toxic or carcinogenic effect of BDDE-cross-
linked HA fillers has been found in mice nor in humans
over three decades. This has also been confirmed by
different reviews and meta-analyses evaluating AEs
reported over the last 15 years of several BDDE-cross-
linked fillers.®® In these reports, no toxic or carcinogenic
effects derived from the use of BDDE-cross-linked fillers
have been declared and none of the existing AEs has
been directly associated with the use of BDDE.

BDDE-cross-linked HA fillers can be prepared as dif-
ferent formulations and their rheological properties
can be optimized, such as the elastic (storage) mod-
ulus (&) and tan delta (tan 3), with the goal of achiev-
ing results that are patient-tailored and individualized
for the intended clinical indication.®?* The evaluation of
the rheological parameters, such as G' and cohesivity,
are fundamental as they describe the behaviour of the
hydrogels once injected into the tissues. Therefore, they
represent critical parameters in the choice of the right
filler for each patient and application in the daily clin-
ical practice. Moreover, it has been reported that high
G’ fillers are more likely to cause nodules if placed in
thin-skinned and/or mobile areas such as the lips or the
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tear trough region.? The range in G' of HA  filler prod-
ucts evaluated in this report from 39 Pa (A,) to 295 Pa
(Asv) reflects an understanding of the appropriate rhe-
ological parameters for each treatment areq, with the
aim of ensuring safe and efficacious patient outcomes.
To evaluate the best and safest treatment approaches,
it is then crucial for healthcare practitioners (HCcPs) to
be able to compare the parameters of commercially
available fillers. When comparing products, the different
laboratory settings used must be considered. An effec-
tive and simple method, such as the Gavard-Sundaram
scale?? can be used to evaluate filler cohesivity, defined
as the force between particles of the same substance
that acts to unite them.»24 HA,  fillers exhibit high cohe-
sivity scores of 5/56 on the Gavard-Sundaram scale,?®
which is generally associated with an optimal degree of
tissue integration. This characteristic helps minimize the
incidence of nodules and inflammatory reactions.?%

Following clinical studies on HA, | fillers,*% the primary
aim of this report is to elucidate findings from a 5-year
post-market surveillance analysis of this product range.
The secondary aim is to compare the product charac-
teristics (HA concentration, G’ and cohesivity) of different
HA fillers.

Methods

Data collection

From 1 January 2018 to 30 September 2023, IBSA Farma-
ceutici Italia Srl (ltaly) systematically gathered global
reports from physicians and consumers who used HA, |
fillers for aesthetic treatment, including facial volume
restoration, wrinkle correction, and skin hydration. HA |
fillers comprise six formulations: Aliaxin Essential Volume
(A.,), Aliaxin Fine Lines (A,), Aliaxin Global Performance
(A..), Aliaxin Lips Volume (A,,), Aliaxin Shape and Restore
(Ay), and Aliaxin Superior Volume (A,).

These treatments were performed using needles or can-
nulas, depending on HCP preference and the specific
requirements of the procedure. Complaints were catego-
rized either as technical, covering quality concerns related
to technical or manufacturing issues, or as related to
safety, which were associated with AEs. Only safety com-
plaints are considered herein, and these were analysed
and further categorized according to the AEs reported.

A comprehensive qualitative and quantitative analysis
was conducted on AEs reported with the use of the eval-
uated HA,  fillers. Safety-related feedback and com-
plaints were reviewed and categorized to identify and
assess their nature, frequency and severity. This provided
valuable insights into the safety profile and potential AEs
associated with the use of presented HA dermal fillers.
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Figure 1. 1,4-Butanediol diglycidyl ether (BDDE) metabolism after cross-linking reaction. A) BDDE is present in different
chemical states at the end of the cross-linking reaction: the fully reacted crosslinker, the pendant crosslinker and
unreacted BDDE. B) Hydrolysis reaction transforms epoxide groups in the unreacted BDDE, creating non-toxic metabolites.
C) Hyaluronic acid fillers commonly used for aesthetic treatments are typically composed of cross-linked hydrogels
containing fully reacted crosslinker, pendant crosslinker and residual hydrolysed crosslinker.
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In adherence to ethical standards and privacy regula-
tions, all data utilized in this study were anonymized to
remove personally identifiable information before anal-
ysis. The analysis was conducted in accordance with the
Declaration of Helsinki.

Cohesivity score

Fourteen BDDE-cross-linked HA dermall fillers were eval-
uated for their cohesivity: Ay, A, A, A, A, and A, (IBSA
Farmaceutici, Italy); Bl, B2 and B3 (Merz Pharmaceuticals
GmbH, Frankfurt am Main, Germany); J1, J2 and J3 (Al-
lergan Aesthetics, an AbbVie Company, USA); and RI, R2
and R3 (Galderma, Uppsala, Sweden).

Cohesivity was evaluated following the Gavard—
Sundaram scale specifications.?? Technically, 10 yL of
toluidine blue (01% w/w in phosphate buffer, pH 7.4) were
addedto1gof eachfiller gel, with subsequent mixing and
centrifugation to obtain a homogenous staining. The gel
samples were then carefully drawn into I-mL syringes

and extruded under standardized conditions. Imme-
diately after extrusion, magnetic stirring commenced
and video and images were recorded up to 90 seconds
after extrusion. Cohesivity was evaluated independently
by four raters that assigned, for each sample at each
time point, a value of cohesivity (from 1to 5) referring to
the Gavard-Sundaram Cohesivity Scale.?? Results were
reported as the mean score + SD.

Statistical analysis

The safety data were evaluated on an annual basis in
relation to worldwide sales data for the products. The
number of sold syringes was obtained from sales data
and used to estimate patient exposure. The recom-
mended dosing regimen for the evaluated HA dermal
fillers is that treatment may be repeated periodically,
every 6-12 months as needed, to maintain the desired
results. Accordingly, two syringes for a year-long cycle
of treatment for each patient were assumed, with the
maoximum number of patients exposed being calculated
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as the number of syringes sold divided by 2. The com-
plaint rate for exposed patients was also estimated and
expressed as a percentage, that is ([number of AEs/
number of exposed patients] x100).

All graphs, calculations and statistical analyses were
performed using GraphPad Prism software version 10.2.0
for Windows (GraphPad Software, San Diego, CA, USA).

Results

Trend analysis of sales data versus AEs

During the years spanning 2018-2023, a discernible in-
crease was observed in both the quantity of syringe
sales and the incidence of registered total complaints.
However, only a small percentage (18.5%) of the total
complaints during 2018-2023 were related to AEs, with
the majority being technical complaints. For the purpos-
es of this investigation, only safety complaints related to
AEs were analysed. The total number of AEs received for
each year are summarized in Table 1.

According to the product Instructions for Use (IFU), an
estimation of two syringes for a year-long cycle of treat-
ment for each patient was assumed to calculate the
number of exposed patients. However, this calculation
clearly represents an approximation, as some patients
would probably have received more than two syringes,
leading to a potential overestimation of patient expo-
sure.

A subsequent linear regression trend analysis failed to
reveal any statistically significant correlation in the pro-
portion of AEs relative to time and number of patients
exposed (p=0.9676; R? < 0). Although the number of
syringes sold and patients exposed increased over

the analysed years, the percentage complaint rate
related to AEs remained notably low and, interestingly,
decreased from 2018 to 2023 (Table 1).

Adverse events

Twelve categories of AEs, for a total of 31 AEs in the period
2018-2023, were reported, including swelling/itching (n=8),
oedema (n=6), nodules (n=5), hypersensitivity (n=3), in-
fection (n=2), bruise (n=1), wheal formation (n=1), pallor on
hands (n=1), rosacea (n=1), redness (n=1), bleeding (n=1)
and ischaemia (n=1) (Table 2). Amongst these AEs, swell-
ing or oedema (26% and 19% out of total events, respec-
tively) and nodule formations (16% out of total events)
were the most common. The total AEs in the analysed
period (2018-2023) corresponded to 0.0025% of estimat-
ed patients exposed to injections. Statistical analysis and
comparison of the AEs revealed no significant temporal
variation in the frequency of safety-related complaints
across the surveyed years, nor was there any significant
difference identifiable amongst the various symptoms re-
ported (p20.05). These data suggest a consistent safety
profile with no particular AE trend over time.

Aetiology of registered complaints

Aetiological factors contributing to the registered com-
plaints were classified into five categories: procedural
technicalities with injection (injection site conditions),
idiopathic origins (unknown), factors unrelated to the
therapeutic intervention (not related), sun exposure,
and patient-specific attributes (patient characteristics)
(Figure 2). Technical complications associated with the
injection administration procedure accounted for the
maijority of complaints (76%). Individual patient charac-
teristics were identified as the second most prevalent
cause (12%). This analysis underscores the imperative
for enhanced technical precision during the injection

Table 1. Sales data for period from 2018 to 2023 referring to the number of syringes sold, estimated number of patients
exposed, number of reported adverse effects (AEs) and the relative estimated proportion of exposed patients with an AE.

Year No.syringessold No. patients exposed® AEs

Estimated proportion (%) of exposed patients with an AE

2018 187,368 93,684 4 0.0040
2019 251,428 125,714 7 0.0055
2020 296,274 148,137 7 0.0047
2021 484,522 242,261 5 0.0015
2022 649224 324,612 5 0.0015
2023 597,744 298,872 3 0.0010

syringes sold/2.

apatient exposure was estimated by assuming that the highest number of syringes that could be used by a patient for a
year-long cycle of treatment was two, as per the Instructions for Use. Therefore, the number of patients exposed = humber of
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Table 2. Total adverse events and estimated proportion of exposed patients with an adverse event (AE) for the evaluated
hyaluronic acid dermail fillers by AEs Main categories from 2018 to 2023.

Year AE categories No. of total events Estimated proportion (%) of exposed patients with an AE®
2018 Oedema 3 0.0032
Bruising 1 0.0010
2019 Swelling 3 0.0032
Oedema 1 0.0008
Infection 1 0.0008
Redness 1 0.0008
Hypersensitivity 1 0.0008
2020 Swelling 2 0.0014
Nodules 2 0.0014
Wheals 1 0.0007
Bleeding 1 0.0007
Oedema 1 0.0007
2021 Hypersensitivity 2 0.0008
Oedema 1 0.0004
Infection 1 0.0004
Swelling 1 0.0004
2022 Nodules 2 0.0006
Swelling 1 0.0003
Hands pallor 1 0.0003
Rosacea 1 0.0003
2023 Swelling 1 0.0003
Nodule 1 0.0003
Ischaemia 1 0.0003
2018-2023 Total 31 0.0025

number of exposed patients]x100).

°Proportion of exposed patients experiencing an AE was estimated and expressed as a percentage, i.e. ([number of AEs/

process and a tailored approach considering known
patient-specific factors to mitigate the incidence of
complications.

Comparison of cohesivity scores and
rheological parameters

The Sundaram—-Gavard scale was used to evaluate and
compare the gel cohesivity of nine commercially avail-
able HA fillers up to 90 seconds. The cohesivity scores
and the comparative HA concentration and rheological
parameters (G') retrieved from the scientific literature
are provided in Table 3. Results demonstrated that the
evaluated HA dermal fillers have a cohesivity score from
highly (Ay, = grade 4) to fully (A, A, A, A, A, = grade
5) cohesive. Two of the other analysed HA fillers (Bl, B2)

also displayed a highly or fully cohesive score. The other
six fillers showed low to medium cohesivity scores; in-
terestingly, almost all these products also had high G’
values (>340 Pa). No correlation was found between co-
hesivity scores and HA concentration.

Discussion

The analysis of post-market surveillance data pertaining
toHA,  dermalfillers over a 5-year period offers a nuanced
insight into the product’s safety profile in clinical practice.
Despite the observed increase in both syringe sales and
registered compilaints, the trend analysis presented here-
in shows no statistically significant correlation between

the incidence of complaints and the passage of time.
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Figure 2. Aetiological classification of complaints associated with the
evaluated hyaluronic acid dermal fillers.
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The low complaint rate observed in this study further
supports a high safety profile for the studied HA fillers.
However, a limitation of this study is the method used
to calculate patient exposure, which assumes that each
patient received two syringes per year. This approxi-
mation, whilst the only current estimation method, may
lead to an overestimation of patient exposure as some
patients might require a different number of syringes
for their treatment. Consequently, the actual number of
patients exposed could be lower than estimated, poten-
tially impacting the accuracy of the complaint rate
calculations although the percentage of AEs relative to
syringes sold would be the same.

Moreover, a potential underreporting of AEs from HCPs
and patients can also occur and may represent a limita-
tion. This effect can especially affect mild and expected
AEs, as they can be considered not severe enough by
patients to be reported to the HCPs or they are consid-
ered as normal side-effects, as indicated in the product
leaflet. On the other hand, some AEs may be considered
as a consequence of inadequate injection technique
and consequently not reported.

Overall, these limitations should be considered when
interpreting the observed complaint rate and highlight
the importance of continually performing post-marketing
surveillance and real-world data analysis and examina-
tions on different populations.

The safety data reveal that oedema and swelling were
the predominant AEs reported, yet no significant tem-
poral trend was discernible in the frequency of these
or any other AEs. Such consistency in the safety profile
year-over-year, despite increased product distribution,

indicates that these AEs are not becoming more com-
mon with wider usage and reflects a stable safety pro-
file for the studied HA dermal fillers. The post-treatment
oedema reported in this study is consistent with known
side-effects of other HA fillers and does not deviate from
the expected results. For example, a systematic review
conducted by Stojanovic et al. analysed the efficacy and
safety profiles of various HA fillers;' AEs reported were
principally localized reactions at the site of injection,
predominantly oedema and swelling. These outcomes
are in-line with those observed for the evaluated HA
fillers, with oedema typically featuring as a self-limited
side-effect.

Granuloma formation represents a protracted inflam-
matory response to a foreign substance® that has been
reported for patients complaining of palpable nod-
ules under the skin. It is also of note that granuloma is
a histopathological diagnosis, whereas inflammatory
or non-inflammatory nodules are appropriate clinical
designations. Direct association of HA fillers with these
events requires complete elimination of other potential
causes, including contamination with microbes or other
foreign bodies such as make-up particles introduced
before, during or after the injection process. Despite
reports showing an increase in the rate of delayed filler
granulomas since the COVID-19 pandemic/®?*% the
post-surveillance safety analysis here reported presents
a contrasting narrative. Throughout the duration of this
surveillance period, there was no documented instance
of granuloma formation as an AE amongst patients
treated with these products.

The articles recently published®® on granulomas or
nodule formation also highlight the need for clinicians
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Table 3. Comparison between nine different
commercially available hyaluronic acid (HA)

fillers based on HA concentration and rheological
parameters. HA concentration and G’ was obtained
from the scientific literature (references shown in
table), whilst cohesivity score were evaluated using
the Gavard-Sundaram scale.?

HA TotalHA &' (Pa)® Cohesivity Refs.
hydrogel (mg/mL)

Ay, 25 162 5 2627
A, 25 45 5 2627
A, 25 95 5 2627
A, 25 107 5 2632
A 25 39 5 2627
A, 25 295 4 227
Bl 225 128 5 34
B2 255 255 4 3133
B3 26 438 3 938
J 20 398 1 3
J2 175 340 1 3834
J3 15 271 1 3
R 20 864 1 3
R2 20 977 1 34

' (Pa) are reported as declared by manufacturers and
have been calculated at 1.59 Hz frequency (ASV, Ag As Ay
A A,) and at 5 Hz frequency (B1, B2, B3, J1, J2, J3, R], R2).

to have a comprehensive knowledge of product char-
acteristics, including with respect to rheology. The data
in this report indicated that A, A, A, A, A, and A,
fillers displayed high cohesivity score based on the
Gavard-Sundaram scale, whereas the other tested
products with higher G’ (>340 Pa) showed lower cohe-
sivity scores.®?° Cohesivity may be of value in achieving
natural-looking outcomes with the face at rest and in
animation by maintaining gel integrity and reducing the
risk of contour irregularities.?*

Technical issues related to the injection procedure
were the principal cause of complaints, accounting for
76% of the total. This finding underlines the critical need
for ongoing evaluation of injection techniques and
their outcomes, and the importance of comprehensive
training for practitioners. The 12% of complaints attrib-

drugsincontext.com

uted to individual patient characteristics point to the
necessity of personalized patient assessments before
treatment, and the need for greater understanding
of patient-specific risk factors for filler complications.
Given the multifaceted nature of filler complaints, this
discussion posits that, whilst the evaluated HA dermal
fillers exhibit a consistent safety profile, the technical
skill of the practitioner and individual patient charac-
teristics play a significant role in the aetiology of AEs.
To this end, ongoing education and training for HCPs,
along with patient-specific evaluations, emerge as cru-
cial components in the effort to uphold the high safety
standards associated with HA fillers®' In this context, it
will be of crucial importance for HCPs to perform a cor-
rect anamnesis of the patients, excluding individuals
with known hypersensitivity or history of inflammatory
or autoimmune reactions. Moreover, the results of the
current analysis also show the importance of select-
ing the right filler using the correct injection technique,
avoiding, for example, placement of high G’ products
in sensitive areas such as temples and lips.3>3 Finally,
the choice of the right injection technique must be
correctly performed avoiding the risk of vascular com-
plications; for example, the choice of the cannula is
considered advisable in the treatment of areas like
temples, forehead and preauricular area.’* Overall,
good clinical practice is required to ensure an ethical
and safe approach for the patients.®

Future studies could benefit from a longitudinal design
that includes a larger sample size and diverse demo-
graphics to explore the potential cumulative effects of
repeated filler injections over time. The establishment of
standardized protocols for injection techniques could
help to prevent the most common technically related
complications observed. By continuing to foster a robust
understanding of both products and user techniques,
and by advancing evidence-based methods of com-
plications reporting the appropriate balance between
technological innovation and patient welfare can be
maintained.*® A key step in achieving this goal would be
for pharmacovigilance data for all fillers currently used
in clinical practice to be published, available for refer-
ence, and periodically updated.

Conclusion

The investigation into the real-world safety data of the stud-
ied HA dermalfillers (IBSA Farmaceutici, Italy) highlights alow
incidence of AEs, with the majority expected and self-limited
and others related to injection techniques. Comprehensive
temporal trend analysis revealed no discernible trends or
significant increases in safety complaints across the prod-
uct range. Statistical analysis showing no rise in the fre-
quency or severity of either serious or self-limited/expected
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AEs, despite the significant rise in product sales and treat- ence to manufacturer guidelines, BDDE fillers remain a safe
ments worldwide, reinforces the conclusion that the evalu- option within their intended clinical applications. The overall
ated HA dermal fillers maintain a favourable safety profile. risk-benefit assessment supports the reliability, predictabili-
The findings suggest that, with appropriate use and adher- ty, and safety of HA dermail fillers in clinical settings.
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