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Abstract

Background Afamelanotide (AFA) is a synthetic analogue of a-melanocyte-stimulating hormone that is approved for the
treatment of patients affected by erythropoietic protoporphyria (EPP). AFA induces a “sun free” tanning and changes of
acquired melanocytic nevi (AMN) that are generically described as “darkening”.

Objectives To assess clinical and dermoscopic AMN changes during AFA treatment.

Methods Adult EPP patients treated with two AFA implants 50 days apart were enrolled. They underwent a clinical and
dermoscopic examination of all AMN at baseline (T0), and after 5 (T1) and 12 (T2) months from the first AFA implant. The
general pattern, symmetry, number, and size of pigmented globules, morphology of the pigment network, and dermoscopic
melanoma features were assessed.

Results Fifteen patients were enrolled with 103 AMN. At T1 all reticular and 2-component AMN showed a focal network
thickening that returned to baseline by T2. The increase of globules’ number was observed at T1 but not at T2. The differ-
ence in number was not influenced by patients’ age or phototype. Dermoscopic changes suggestive of malignancy were never
seen. The development of new AMN was never registered.

Conclusions AFA treatment induces reversible changes of AMN dermoscopic morphology without findings suggestive of
malignant transformation and it does not stimulate the development of new AMN.
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1 Introduction clinical manifestations of erythropoietic protoporphyria

(EPP).

The FECH gene encodes the synthesis of Ferrochelatase,
a mitochondrial enzyme that catalyses the final step of the
heme biosynthesis pathway, i.e. the insertion of ferrous iron
into protoporphyrin IX (PpIX). Mutations in this gene lead
to the build-up of metal-free PpIX in erythrocytes, plasma,
skin and liver [1] that is the pathological substrate of the
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As PpIX is photosensitive, the EPP patient develops epi-
sodes of burn and pain after even short solar exposures since
early infancy [2, 3].

Until a few years ago, the cornerstone of the manage-
ment of these patients was the absolute avoidance of sun
exposures because the medical interventions, i.e. B-carotene,
Vitamin C, cimetidine, N-acetyl-L-cysteine, and UVB photo-
therapy [2, 4, 5], that were available at that time, had a poor
preventative efficacy [6].

The therapeutic approach has been changed with the
availability of Afamelanotide (Scenesse® Clinuvel Phar-
maceuticals, Melbourne, Australia) (AFA). It is a synthetic
analogue of the human a-melanocyte-stimulating hormone
(a-MSH) that activates eumelanin synthesis by binding to
the G-protein coupled melanocortin 1 receptor (MCI1R) [1,
7] thus inducing a “sun free” tanning [8—10] that prevents
PpIX photoactivation. Tan is more intense in subjects with a
dark skin phototype [10], it increases after sun exposure and
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it fades after treatment discontinuation [2, 10]. In 2 phase
III trials, AFA was effective to prevent photosensitivity of
EPP patients and the safety profile was good with only mild
adverse effects, e.g. headache, nausea, nasopharyngitis, and
back pain [1]. Changes, described generically as “darkening”
of acquired melanocytic nevi (AMN) was also described [1]
and this finding raised the theoretical concern that AFA can
initiate or promote the growth of melanoma [2]. Therefore,
the European Medical Agency (EMA) suggests precaution-
ary a twice a year skin examination of all pigmentary lesions
[11].

However, a careful clinical and dermoscopic investigation
of AMN of AFA treated patients was never performed. This
was the aim of the present study.

2 Materials and methods
2.1 Patients

Fifteen adult patients (8 males, 7 females) were enrolled
and completed the study. All patients were referred to the
Photobiology Unit, Dermatologic Department of the Uni-
versity of Brescia from January 2003 to December 2017.
The age (mean + SD) was 35.5+13.8 years and 2, 7 and 6
patients had skin phototype I, II, and III, respectively. Famil-
ial inheritance was found in six (40%) patients. Nine (60%)
patients had the IVS3-48C polymorphism; other mutations
reported in the FECH gene in our patients included c.-
252A>G, ¢.68-23C>T, c.901_902del TG, c.218_219insT,
c.215_216insT, c.-251A > G.

All patients reported frequent phototoxic reactions after
even short solar exposures. The reactions were erythematous
in 9 (60%) patients and/or oedematous in 11 (73.3%) and
were accompanied by itching in 7 patients (46.6%) and/or
burning and/or pain in 10 (66.6%). Two patients had lin-
ear scars on the hands and face. The abdominal ultrasound
showed cholelithiasis in one (6.6%) case, previous cholecys-
tectomy in 3 (20%), liver steatosis in 2 (13.3%) and hepatic
angioma in 2 (13.3%).

Patients received two AFA implants 50 days apart (Feb-
ruary—April 2018) at the Photobiology Unit, Dermatologic
Department of the University of Brescia. Patients were told
to regularly apply spf50 4+ sunscreens and were restricted to
sun exposure in the middle hours of the day (from 10 a.m. to
4 p.m.). At the other times, intentional sunbathing was dis-
couraged but they could expose themselves during a normal
relationship life, as far as individually tolerated. Women of
childbearing age (5 patients) were on birth control therapy
by consuming estroprogestinic pill and they repeated a preg-
nancy test before each implant.

The study was approved by Brescia Local Ethics Com-
mittee (Protocol Number 2688) and it was conducted in
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accordance with the Declaration of Helsinki. All patients
were given verbal and written information on the nature
of the study and they signed informed consent before
enrolment.

2.2 Study design

Patients underwent a clinical and dermoscopic examina-
tion of all AMN of the whole skin surface at baseline (T0),
and after 5 (T1) and 12 (T2) months from the first AFA
implant. Lesions were classified into two groups on the basis
of location in chronically light-exposed or non-light-exposed
areas (gluteal and pubic areas in both sexes) during sum-
mertime. Total-body-photography and dermoscopic pictures
of each pigmented lesion >4 mm in diameter were taken
and stored [Vidix Vivascope 7 Videodermatoscope (Skin
Imaging Group, Las Vegas, NV, USA)] at each examination.
The lesion size was measured with the DERMASCOPE7
software (Skin Imaging Group, Las Vegas, NV, USA). We
recorded the following dermoscopic features of each indi-
vidual AMN: general pattern [globular, reticular, 2-compo-
nent (combined globular plus reticular)]; lesion symmetry;
number of pigmented globules; morphology of the pig-
ment network of reticular and 2-component nevi [12, 13].
In addition, we looked for dermoscopic features indicative
of malignancy: atypical pigment network, regression areas
(gray-blue areas), atypical vascular pattern, radial streaks,
blotches, irregular dots and globules [12]. Finally, we looked
carefully for the eventual appearance of novel AMN.

Dermoscopic pictures were independently evaluated by
two investigators (MR and CR). In case of discrepancy in
the evaluation, a third experimenter (AM) reviewed the der-
moscopic images.

2.3 Statistical analysis

Kolmogorov—Smirnov test was performed to test the normal-
ity of the sample.

Wilcoxon signed-rank test and Chi-square test were
used to compare dermoscopic changes (globules’ number
and diameter and network thickening respectively) after
treatment.

To evaluate how dermoscopic features changed accord-
ing to skin phototype, age, and lesion site (sun-exposed or
sun-protected skin) simple linear regression was applied
accordingly.

All statistical tests were conducted using the 5% thresh-
old (p £0.05) to reject the null hypothesis with two-tailed
tests. Statistical analyses were performed using STATA™
software ver. 14.2 and IBM-SPSS™ software ver. 25.01.

The authors had full access to and take full responsibility
for the integrity of the data.
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3 Results

Patients had a total number of 102 AMN that were mainly
(67%) located in non-exposed skin areas. The individual
mean number of AMN was 6.8 +5.3 and all patients had
AMN with more than 1 dermoscopic pattern. Baseline
lesions’ number, location, dermoscopic pattern and size are
reported in detail in Table 1.

Kolmogorov—Smirnov test showed that continuous data
were not normally distributed (p <0.05).

The individual and total AMN numbers remained
unchanged because novel AMN did not develop during
the treatment period and follow-up. The average maximal
diameter at baseline was 5.9 + 1.8 mm without changes at
both T1 and T2. Lesion symmetry never changed (Table 1).
The development of other pigmentary lesions was never
registered.

At T1 we clinically observed hyperpigmentation of
all AMN. On dermoscopic examination, all reticular and
2-component AMN showed a focal network thickening
(Fig. 1d, e). Globules’ number significantly increased at T1
(»<0.0001; Table 1, Fig. 1a, b) in all globular and 2-com-
ponent nevi. At baseline average number of globules was
12.8+8.5 vs. 18.9+10.5 at T1 (p <0.0001). The increase
of number of globules at T1 compared to TO (Ap;_y,) was
not influenced by age (p=0.13; ¥y gjgpy1es =—0.1X0e +9.02),
photoype (p=0.88; Yp,10putes = —0- 13X potorype +6-38) or
body site (p=0.7; Ypgiobutes = —0-58Xp04y siee +6.5) in the
given sample.

After 1 year (T2) all AMN showed a reduction of
hyperpigmentation compared to T1 and their macro-
scopic features returned similar to baseline clinical find-
ings. On dermoscopic examination, the pigment network
in all reticular and 2-component nevi returned to baseline
features (Fig. 1f). At T2, a decrease in the mean number
(Table 1; Fig. 1c) of globules was recorded compared to T1
(13.5+8.6 vs. 18.9+10.5; p<0.0001) in all lesions. Differ-
ence between T2 and T1 (A, 1) was not influenced by age
(P=0.17; Y pgioputes = 0.91X0c — 7.97), phototype (p=0.87;
Y pgtobutes = 0-15X jpoorype — 5-7) or body site (p=0.48;
YA globules — 1'06Xbody site — 6.1).

Dermoscopic features suggestive of malignancy [12] were
never observed at baseline and follow-up examinations.

4 Discussion

Previous studies on afamelanotide in PPE reported a macro-
scopical and clinical change, that was generically described
as “darkening”, of both AMN and lentigos regardless of
body site but these changes were not previously investigated
in detail by dermoscopy [2, 8, 10].

In the present investigation, AFA treatment did not induce
the development of novel AMN or other pigmentary lesions.
Macroscopic changes of preexisting AMN were consistent
with previous findings [2, 8, 10] and were characterized by
homogeneous hyperpigmentation, which was reversible after
discontinuation of the drug.

Table 1 Clinical features of nevi at baseline (T0), 3-month follow-up after the second implant (T1) and 1 year after the first implant (T2)

TO T1 T2 p (TOvs. T1) p (T1vs. T2)

Total number of nevi n (%) 102 (100%) 102 (100%) 102 (100%) - -
Number of nevi per patient (mean + SD) 6.8+5.3 6.8+5.3 6.8+5.3 - -
Location of nevi n (%)
Covered skin areas® 69 (67.6%) 69 (67.6%) 69 (67.6%) - -
UV-exposed skin areas 33 (32.3%) 33 (32.3%) 33 (32.3%)
Pattern n (%) - -

Globular 12 (11.8%) 12 (11.8%) 12 (11.8%)

Reticular 68 (66.7%) 68 (66.7%) 68 (66.7%)

2-components ) 22 (21.5%) 22 (21.5%) 22 (21.5%)
Maximal diameter (mm): (mean + SD) 59+1.8 59+1.8 59+1.8 - -
Symmetry n (%)

Yes 59(57.8) 59(57.8) 59(57.8) -

No 43 (42.2) 43 (42.2) 43 (42.2) -
Network thickening in reticular and 2-component nevi N (%) 00 90 (100) 0@ - -
Number of globules (mean =+ DS) in each globular and 2-com-  12.8+.8.5 18.9+10.5 13.5+.8.6 <0.0001 <0.0001

ponent nevus

T0 baseline, T'1 5 months after first implant, 72 12 months after first implant

Gluteal and pubic region
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Fig. 1 Number of globules at different timepoints (10X): baseline (a), T1 (b) and 1-year follow-up (T2). Focal network thickening (red thick
arrow) in 2-component nevi from baseline (d) to T2 (e). (20x) Following network normalization at 1-year follow-up (f) (10x)

Dermoscopically we did not observe changes of pigmen-
tation homogeneity, size and symmetry of AMN and der-
moscopic features that are characteristic of melanoma [12].
In our series, AFA treatment increased the number of glob-
ules in all globular and 2-component AMN and it induced
the thickening of the pigment network in all reticular and
2-component lesions. These dermoscopic changes were seen
in both sun exposed and sun-protected body sites after five
months from the first implant (T1) and were not influenced
by patients’ age and skin phototypes. These dermoscopic
clues were transient and after 1 year all AMN regained the
same baseline morphology regardless of the body location.

Our results show AFA’s ability to induce transient
changes in the dermoscopic appearance of melanocytic nevi
comparable to those induced by acute sun exposure [14] and
artificial ultraviolet sources [15, 16]. Some transient AFA-
induced AMN changes also show overlaps to nevi modi-
fication during pregnancy [17]. In different case series of
pregnant patients, dermoscopic features of melanocytic nevi
have been assessed reporting thickening in pigment network
[18, 19] or increased number of globules [20]. Similarly to
AFA treatment, these pregnancy changes were reversible and
not suggestive of melanoma.

Generally, the dermoscopic finding globules reflects the
nests of the nevus cells in the dermis.

Given the reversibility of dermoscopic changes induced
in a few weeks by the AFA in our series, it seems unlikely
that the drug could activate pathways of cell proliferation on
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nevus nests. We hypothesize that the dermoscopic changes
that we have observed are related only to effect on the syn-
thesis of new melanin and that the transient increase in glob-
ules has been an expression of pigment removal blotches by
macrophages.

Albeit, these results could be affected by the limited
number of patients enrolled but they could also support the
ability of AFA to induce AMN changes independently from
constitutive pigmentogenic activity. Furthermore, another
limitation of the present study was not to have ascertained
AMN modifications by spectrophotometric evaluation or
histology. Moreover, the present study did not investigate
the effects of AFA on a pre-existing melanoma or precan-
cerous lesion.

In our series, we never observed changes of size and sym-
metry, dermoscopic findings that are characteristic of mela-
noma [12] and novel melanocytic lesions. Altogether the
present findings suggest that AFA treatment induces physi-
ological and transient changes of AMN morphology without
any findings that could indicate a carcinogenic activity.

The carcinogenic potential of the drug remains therefore
only theoretical and based on contradictory evidences. Mela-
noma in AFA treated patients was never reported and also in
phase 3 studies generic darkening of nevi has been described
without the appearance of suspicious lesions [1].

Although the melanoma inducing potential of afamelano-
tide is still under debate, self-injection of unlicensed mel-
anotan-II, a cyclic heptapeptide a-MSH analogue that also
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binds to MC3R and MC4R, was recently associated with the
development of multiple melanomas in a combined high-
risk MC1R/CDKN2A genotype patient [21]. However, as
the binding affinity of AFA for MC3R and MC4R are much
lower than that for the MCI1R [3], it is questionable as to
whether they are activated by the pharmacological applica-
tion of the drug itself [22].

Previous studies highlighted that serum «MSH level was
proportional to Breslow index and the titre was still higher
in patients with metastatic melanoma [23, 24]. However,
recent data have shown that aMSH and MCI1R have instead
an anti-carcinogenic activity because not only they stimulate
the production of eumelanin but also inhibit pro-inflamma-
tory cytokines and reduce the expression of vascular-cell
adhesion molecule (VCAM) and E-selectin [25]. In addition,
MCIR is expressed by mature melanocytes but not by mel-
anocyte stem cells or melanoblasts in melanocytic lesions
[26]. Given the parallel with benign nevi, it is plausible to
suppose that M1CR is variably expressed in melanoma and
the more undifferentiated and therefore aggressive the mela-
noma is, the less the receptor is expressed in it [3]. Thus, the
activation of the receptor itself, also by AFA, might induce a
greater cellular differentiation rather than the opposite [27].
Moreover, increased aMSH levels detected in melanoma
patients may be associated with direct production by cancer
melanocyte cells that have maintained reminiscence of their
differentiated functions.

Another possible preventative role could be played by the
high content of eumelanin in AFA-induced tan that could
be particularly relevant for patients with fair phototypes
whose natural tan has a high content of pro-carcinogenic
pheomelanin.

In conclusion, AFA-induced MCIR stimulation of AMN
melanocytes seems to induce only transient physiological
changes of AMN morphology and as such, they do not sup-
port the concerns of carcinogenic activity of AFA. However,
the role of AFA in promoting the growth of a melanoma
already present remains unaddressed, a careful dermoscopic
evaluation before the AFA treatment should be mandatory
and long-term safety of AFA treatment has to be further
investigated.
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