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Abstract Afamelanotide, the first a-melanocyte-stimulat-

ing hormone (MSH) analogue, synthesized in 1980, was

broadly investigated in all aspects of pigmentation because

its activity and stability were higher than the natural hor-

mone. Afamelanotide binds to the melanocortin-1 receptor

(MC1R), and MC1R signaling increases melanin synthesis,

induces antioxidant activities, enhances DNA repair pro-

cesses and modulates inflammation. The loss-of-function

variants of the MC1R present in fair-skinned Caucasians

are less effectively activated by the natural hormone.

Afamelanotide was the first a-MSH analogue to be applied

to human volunteers. Ten daily doses of between 0.08 and

0.21 mg/kg in saline injected subcutaneously resulted in

long-lasting skin pigmentation and enabled basic pharma-

cokinetics. Subcutaneous application had full bioavail-

ability, but neither oral nor transdermal application resulted

in measurable plasma concentrations or pigmentation

response. Two trials in human volunteers showed that

neither MC1R variants nor fair skin reduced the afame-

lanotide-induced increase in skin pigmentation. A con-

trolled-release formulation optimizes administration in

man and is effective at a lower dose than the daily saline

injections. Promising therapeutic results were published in

polymorphic light eruption, erythropoietic protoporphyria

(EPP), solar urticaria, Hailey–Hailey disease and vitiligo.

In 2014, afamelanotide was approved by the European

Medicines Agency for the prevention of phototoxicity in

adult patients with EPP. No late effects were reported in

volunteers 25 years after the first exposure or after con-

tinuous long-term application of up to 8 years in EPP

patients, and an immunogenic potential has been excluded.

Generally, adverse effects were benign in all trials.

Key Points

Afamelanotide is the first a-melanocyte-stimulating

hormone (MSH) analogue applied to humans.

We overview the fate of afamelanotide in the human

body and its characteristics of a-MSH as a

therapeutic drug (including side effects) in the

treatment of different skin disorders.

1 Introduction

The skin, as the surface of an organism, protects the

organism from the influence of environmental factors and

helps to conserve homoeostasis within the body. Some of

these environmental factors, particularly ultraviolet (UV)

radiation, have the potential to damage the integrity of the

skin, which is counteracted by specific cellular reactivity of

skin cells. One of these protecting processes conserved

from invertebrates to humans relates to the activation of the

proopiomelanocortin (POMC) gene [1]. Its expression is

stimulated by TP53, which, in turn, is upregulated in

response to UV radiation-induced DNA damage in ker-

atinocytes in the epidermis [2]. The product of the POMC

gene is cleaved by proconvertases into different active

peptides, including adrenocorticotropin (ACTH), a- and b-
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melanocyte-stimulating hormones (MSHs) and b-lipo-
tropin. Following light-induced damage, the a-MSH

released acts as a paracrine factor on the epidermal pig-

ment cells (melanocytes) and autocrine within melano-

cytes. After its agonistic binding to the melanocortin-1

receptor (MC1R), a-MSH activates the synthesis of (eu)-

melanin (Fig. 1) by increasing the expression of the rate-

limiting enzyme tyrosinase, as well as tyrosinase-related

proteins 1 and 2. The latter two induce a shift from yellow-

red pheomelanin to brown–black eumelanin production,

with eumelanin being more protective against UV radiation

than pheomelanin [3, 4]. MC1R signaling also stimulates

the transcription and folding of tyrosinase within the Golgi

network, and ensures that the newly produced melanin is

incorporated into small vesicles (melanosomes) and then

distributed by the dendrites of the melanocytes to the sur-

rounding keratinocytes. Keratinocytes concentrate the

melanosomes above their cell nucleus, and these form a

cap to protect the organelle most sensitive to UV insult [5].

a-MSH-induced MC1R signaling is shown to support dif-

ferentiation and maintains the function of mature melano-

cytes, while melanocyte stem cells do not express the

MC1R and are therefore unresponsive to a-MSH or its

analogues [6, 7].

In melanocytes and other dermal cells, including

fibroblasts and endothelial cells, which express the MC1R

and therefore react on MC1R signaling, other protective

processes, such as an increase in antioxidant activities,

stimulation of DNA repair mechanism, and secretion of the

immunomodulator interleukin (IL)-10, are promoted by a-
MSH [8–11].

In premalignant melanocytes, a-MSH-dependent MC1R

signaling induces senescence and therefore prevents pro-

liferation and melanoma formation [12]. Anchorage-inde-

pendent, clonogenic growth of freshly explanted human

melanoma cells were not enhanced; rather, afamelanotide

inhibited the proliferation and induced differentiation

[13, 14]. In addition, a-MSH reduces migration and inva-

sion of melanoma cells, which may reduce or suppress

metastasis of melanoma [15, 16]. Afamelanotide 2 and

10 mg/kg did not enhance the number and size of human

melanomas implanted into the severe combined immun-

odeficiency mouse model, and afamelanotide did not

induce malignant transformation of normal human mela-

nocytes [13]. Both pigment enhancement and melanoma

induction have a common denominator, namely UV radi-

ation, leading to an unjustified assumption on a-MSH and

its analogues being involved in melanoma induction.

In addition to the MC1R, a-MSH and its analogues also

bind to melanocortin receptors 3–5; these receptors have

certain effects on feeding and body weight control, ther-

mogenesis, and sexual functions [17]. As the Ki of

afamelanotide for the MC3R is approximately five times

higher than that for the MC1R, and those for the MC4R and

MC5R are approximately 50 times higher than that for the

MC1R [18], it is questionable as to whether they are

activated by the pharmacological application of afame-

lanotide. Moreover, the MC4R is localized in the brain
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Fig. 1 Schematic of the

supposed multiple effects of the

a-MSH analog afamelanotide
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only and is most likely inaccessible to systemically applied

afamelanotide [18].

2 Preclinical Pharmacology

2.1 Physiochemical Properties and Biological

Effectiveness

The 13-amino acid peptide afamelanotide, first synthesized

in 1980 at the University of Arizona as an analogue of a-
MSH [19], shows an exchange of amino acids at positions

4 (methionine to norleucine) and 7 (L-phenylalanine to D-

phenylalanine) compared with the physiological hormone.

The exchange of amino acids increases both the affinity to

the MC1R and the biological half-life, resulting in a strong

biological effectiveness [20]. Because of these character-

istics, afamelanotide, under the name NDP-MSH, was

widely used in studies on the biological effects of a-MSH,

and the effects of NDP-MSH were considered equivalent to

those of the native hormone. Since then, the development

of NDP-MSH as a drug for human use required optimiza-

tion in synthesis processes, with effects on structure and

configuration. These processes have not been reported in

detail but, nonetheless, they likely positively influence the

reproducibility of effectiveness and minimize adverse

effects.

2.2 Preclinical Toxicology

The intraperitoneal dose used in early toxicological studies

in mice and rats was more than 200 times above that cur-

rently applied to humans. A study of four male Yucatan

pigs, using a dose of 0.16 mg/kg subcutaneously for

30 days, did not show any significant toxicological signs

[13, 21]. Moreover, the intraperitoneal and intrauterine

application of afamelanotide in pregnant rodents failed to

produce an effect on the sex ratio, weight, morphology or

histology of the developing fetuses, and there was no evi-

dence of congenital defects, change in maturation, growth,

premature parturition or pigmentation changes in the

fetuses [22].

2.3 Metabolism and Elimination

The natural hormone a-MSH is rapidly degraded by

unspecific proteases in frog or rat serum, or in vitro by

trypsin or chymotrypsin, whereas afamelanotide is resistant

to all these enzymes [23]. The biological activity of

afamelanotide on frog skin pigmentation is preserved after

prolonged in vitro incubation for up to 5 h, and is resistant

to elimination by rinsing. Therefore, an irreversible binding

or sequestration of the compound within the melanocytes,

or even in the melanosomes, was assumed [23, 24]. Details

regarding the metabolic fate of afamelanotide within the

human organism have not been published.

3 Pharmacodynamic Properties

3.1 Pigmentation Response

Early studies have shown that repeated intramuscular

application of a-MSH, b-MSH or ACTH to dark-skinned

humans at 3–8 mg for 10 days induced fast skin pigmen-

tation within the first few days, and the effect of the pig-

mentation resolved at approximately 6 weeks after the end

of the application [25]. About the same temporal effect was

found in healthy volunteers of skin type I–IV after 10

subcutaneous applications of afamelanotide 0.08 mg/kg

solubilized in saline [26]. When afamelanotide treatment

was combined with solar UV exposure, melanogenesis was

amplified and the epidermal pigmentation was reported to

last considerably longer than after sunlight exposure only

[27].

3.2 MC1R Variants and Pigmentation Response

The MC1R shows numerous allelic variants in Caucasians,

some of which were loss-of-function variants [28]. Carriers

of these loss-of-function variants have fair skin and red hair

(known as Fitzpatrick skin type I or II) and are at increased

risk for skin cancer. In contrast to the physiological hor-

mone, afamelanotide binds to genetically modified MC1Rs

in vitro [29]. However, these artificially induced mutations

do not exist in human MC1Rs and the effect found in vitro

may not be extensible to the natural variants. Therefore, the

effect of afamelanotide was investigated in human volun-

teers with skin type I or II and compared with those with

skin type III and IV. Furthermore, the effect of afamelan-

otide was tested in volunteers who carried different MC1R

variants [30, 31]. In fact, after application of afamelan-

otide, the melanin density of skin increased more dramat-

ically in fair-skinned persons and persons carrying an

MC1R variant compared with dark-skinned persons and

persons carrying the wild-type MC1R.

3.3 Additional Effects of Afamelanotide

Afamelanotide enhanced the DNA repair process after UV

damage in keratinocytes in vitro and this effect was repro-

duced in human volunteers in vivo [11, 30]. Other effects of

afamelanotide found in vitro or in animal studies, including

inhibition of inflammation, improvement of experimental

colitis or reduction of reperfusion injury, have, to our

knowledge, not been studied in humans [32–34].
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4 Pharmacokinetics

4.1 Transdermal Delivery

Afamelanotide was transdermally effective in pigmentation

induction in mice, but not in rats. Its penetration through

artificial human skin models was demonstrated [35], but

apparently it was not effective in the intact organism [13].

4.2 Afamelanotide in Saline Solutions

In a phase I trial, three routes of application were compared:

oral (0.16 mg/kg), intravenous (0.16 mg/kg) and subcuta-

neous (0.08–0.21 mg/kg) [36]. Each application was

administered once daily, ten times within 2 weeks. In

addition to the afamelanotide blood levels, pigmentation

response was assessed by skin reflectometry. The oral

application resulted in undetectable blood concentration and

no pigmentation occurred, while the subcutaneous applica-

tion showed complete bioavailability compared with the

intravenous application and resulted in the highest pigmen-

tation response. The plasma half-life following subcutaneous

dosing ranged between 0.07 and 0.79 h during the absorp-

tion phase and between 0.7 and 1.7 h (mean 1.30 ± 0.46)

during the b-phase. No detectable drug was present in blood

after 9.5 h and, consequently, no accumulation was detected

by repeated dosing every 24 h. After intravenous dosing, the

area under the curve was between 297 and 519 ng/(ml h),

the mean half-life of the a-phase was between 0.14 and

0.52 h, and the mean half-life of the b-phase was

1.07 ± 0.46 h in the three tested volunteers. In addition, the

mean systemic clearance was 0.41 ± 0.13 L/(h kg). The

average apparent volume of distribution after intravenous

dosing was 0.54 L/kg, which indicates that afamelanotide is

distributed in a space exceeding the blood volume. As

afamelanotide is water soluble, it may be speculated that it is

rapidly bound to specific receptors and potentially seques-

tered into melanocytes (Sect. 2.3).

Only minimal amounts of native drug were recovered in

urine, indicating an extensive metabolism of afamelan-

otide. Although no studies have been published on the site

of metabolism, afamelanotide is most likely degraded by

unspecific proteases in the serum, the same as the physio-

logical hormone a-MSH but at a slower rate.

4.3 Slow-Release Formulations

The lack of bioavailability after oral application, the fast

elimination after subcutaneous application, and the

requirement for repeated applications in order to achieve

pigmentation necessitated the development of a slow-re-

lease formulation. A biodegradable polymer, poly(D,L-lac-

tide-co-glycolide), with 50% lactide and 50% glycolide,

was the matrix for the formulation [37–39]. It contained

variable additives such as poly(vinylpyrrolidone), methyl-

cellulose, and hydroxypropyl methylcellulose, which

influences the release of the peptide hormone as well as the

dissolution profiles. The biological activity of the peptide

in the biodegradable polymer, as measured by the frog skin

assay, was not affected by gamma irradiation up to

2.5 Mrad for sterilization, but was increased after

3.5 Mrad. Hairless and haired guinea pigs were treated

with 4 mg slow-release implants, and melanogenesis was

measured by skin reflectometry and by the eumelanin

content in biopsies of the epidermis. Hair color darkened in

the haired guinea pigs and skin darkening was observed in

the hairless guinea pigs. The epidermis of hairless guinea

pigs showed an increased melanin content of epidermal

cells, whereas in the haired guinea pigs more melanin was

contained in the melanocytes of the hair follicle. The

effects reached their maximum 1 month after implantation

and lasted for at least 3 months.

The elution profile of the 16 or 20 mg slow-release for-

mulation applied to humans in the trials of afamelanotide in

erythropoietic protoporphyria (EPP) [40, 41], polymorphic

light eruption (PLE) [42], solar urticaria (SU) [43], Hailey–

Hailey disease (HHD) [44], acne vulgaris [45] or vitiligo

[46] has not been published. It is important to note that the

slow-release formulation contains only approximately one-

seventh to one-eighth of the active compound required for

pigmentation induction in the saline preparations, which

indicates that the slow-release formulation most likely has

better therapeutic margins than the saline preparations.

4.4 Pharmacokinetics in Special Populations

Studies on bioavailability have not been published neither for

renal disease nor for hepatic disease. As only trace amounts of

unchanged drug was recovered in urine, it is probable that

renal impairment has no influence on bioavailability.

Afamelanotide is degraded intracellularly, either by endocy-

tosis after binding to its receptors or by unspecific proteases

[23, 47]. Consequently, hepatic impairment will most prob-

ably also have no effect on bioavailability.

5 Trials on the Efficacy of Afamelanotide in Skin
Diseases

5.1 Effects of Afamelanotide on Light-Induced Skin

Diseases

5.1.1 Polymorphic Light Eruption

PLE is an acquired light-induced immunological disorder

manifested by itchy, papulovesicular lesions on sun-
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exposed skin in spring and summer. A high lifetime

prevalence was found in European populations, with a

preponderance in females. Therapeutic sun protection by

clothing, broad spectrum sunscreens, local or systemic

corticosteroids, and phototherapy are applied, which may

be replaced by hydroxychloroquine, azathioprine or

cyclosporine in therapeutically resistant cases [48]. A pilot

trial on 36 PLE patients with 20 mg slow-release afame-

lanotide showed a trend in reduction of symptom severity

compared with placebo [49]. A phase III trial using

afamelanotide 16 mg was conducted and, to our knowl-

edge, the data have only been published on the company

(Clinuvel Pharmaceuticals, Melbourne) website.

5.1.2 Solar Urticaria

SU is also an acquired, immunologically elicited photo-

dermatosis, with acute swelling of sun-exposed skin within

minutes of irradiation and, in some cases, angioedema of

the face. SU may be due to an immunoglobulin (Ig)E-

mediated reaction to photo-induced allergens. As a treat-

ment, antihistamines and sunlight protection have been

proposed and, in severe disease, omalizumab, an anti-IgE

antibody, was applied to single cases, with significant

improvement in light tolerance. Because of limited effec-

tiveness, the need for a new therapy was expressed [43].

Slow-release afamelanotide 16 mg was applied to five SU

patients, and their minimal urticaria dose increased in

tendency (p = 0.058) at day 30 after the implant [43].

5.1.3 Erythropoietic Protoporphyria

EPP is a rare inherited disorder of heme biosynthesis

leading to accumulation of protoporphyrin IX (PPIX) due

to a deficiency of the enzyme ferrochelatase or by an

overactive erythropoietic aminolevulinate synthase

(ALAS2), the rate-limiting enzyme in heme biosynthesis

[50]. Upon skin radiation by visible light, the accumulated

protoporphyrin disseminates the gathered light energy to

oxygen, which is converted to several reactive oxygen

species [51, 52]. The resulting tissue damage affects mostly

mast cells and endothelial cells of the subpapillary capil-

laries [53, 54]. Clinically, patients experience acute,

severely painful phototoxicity that may last up to 2 weeks,

and the associated intolerable pain renders patients inca-

pable of sleeping or performing daily activities. Although

b-carotene, cysteine, and a number of other therapeutic

attempts have been made, effectiveness has not been pro-

ven [55].

In 2006, a pilot study of slow-release formulated

afamelanotide 20 mg was undertaken in five EPP patients,

showing an improved tolerance to artificial white light [40].

A phase III, placebo-controlled, double-blinded, crossover

trial in 100 European patients confirmed the efficacy of

afamelanotide in EPP, enabling patients to prolong their

spontaneous exposure to sunlight, as well as reducing their

EPP-related pain [56]. Another phase II trial in the US was

followed by two randomized, double-blinded, placebo-

controlled, phase III trials—one in Europe and one in the

US [41, 57]. In both phase III trials, patients showed a

prolonged spontaneous exposure to sunlight during the

active treatment. The clinical significance of these study

results was underlined by an exceptionally high adherence

of Italian and Swiss EPP patients to afamelanotide treat-

ment during prolonged compassionate use and the special

access scheme program, of up to 8 years [58].

5.2 Effects of Afamelanotide on Other Skin Diseases

5.2.1 Vitiligo

Vitiligo is an acquired skin disorder due to the loss of

functioning melanocytes in the skin or hair causing patchy

areas of depigmentation. Vitiligo may be stigmatizing,

especially in dark-skinned individuals. The estimated

prevalence worldwide is 1% but may vary strongly among

different populations [59]. Vitiligo exists in both a seg-

mental and a generalized form, with the latter being more

common. Several guidelines for optimal treatment have

been published, including topical treatments (corticos-

teroids and calcineurin inhibitors), phototherapy (narrow-

band UVB [NB-UVB] and psoralen plus ultraviolet A

[PUVA]), systemic corticosteroids, surgical grafting tech-

niques, and depigmenting treatments in extended vitiligo

[59].

The leading hypothesis of vitiligo causation is that of an

autoimmune or autoinflammatory process, potentially due

to a specific genetic background [59]. This theory is based

on its association with several other autoimmune disorders,

including thyroiditis. Reactive oxygen species, and there-

fore melanocyte-intrinsic abnormalities, are possible

inducers of the whole inflammatory cascade. Afamelan-

otide, by its multiple effects on melanogenesis, inflamma-

tion and antioxidant activity (Sect. 3.3), has the potential to

arrest such a process in vitiligo as long as melanocytes are

present in the skin. In vitiligo, resting and undifferentiated

melanoblasts are preserved in the hair bulbs; UVB irradi-

ation can activate and differentiate these to form mature

cells that carry an MC1R. These cells will then be acces-

sible to the agonistic upregulation by afamelanotide.

Both a pilot study and a multicenter study combined the

treatment of UVB with afamelanotide [46, 60]. The mul-

ticenter trial enrolled adult patients with Fitzpatrick skin

phototypes III–VI and stable, generalized vitiligo. Fifty-six

patients were randomized to the combination therapy of

UVB and afamelanotide versus UVB monotherapy. After
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1 month of UVB phototherapy, afamelanotide 16 mg was

administered subcutaneously monthly to the combination

therapy group for 4 months, while the monotherapy was

continued for the same period in the control group. The

authors reported a superior response of the combination

therapy group compared with the NB–UVB monotherapy

group at day 56, especially in the face and on the upper

extremities. In a subgroup analysis, patients with skin type

IV–VI responded well, but not those with skin type III.

5.2.2 Hailey–Hailey Disease

HHD, also known as familial benign chronic pemphigus,

belongs to the autosomal dominant genodermatoses. Defi-

ciency of ATP2C1 in keratinocytes from HHD patients is

associated with alterations in proliferation and differentia-

tion, as well as increased oxidative stress [61, 62]. Affected

patients develop recurrent blisters, erosions and crusts in the

intertriginous areas. In addition, heat and rubbing promote

lesions, which can be complicated by superinfection. HHD

has a substantial negative effect on the quality of life (QOL)

of patients. The onset of lesions is generally after adoles-

cence, showing a peak at around the age of 30–40 years, but

the symptoms can develop at any age. The most commonly

used therapies include corticosteroids, antifungals and

antibiotics, administered either topically or systemically.

These therapies are aimed to control the underlying

inflammatory immune response in order to achieve remis-

sion; however, these existing treatments do not provide a

long-lasting positive therapeutic result. a-MSH was shown

to increase the expression of nuclear factor (erythroid-

derived 2)-like 2 (Nrf2), a transcription factor coordinating

the expression of antioxidative and Nrf-dependent phase II

detoxifying enzymes in primary keratinocytes [9]. This

finding suggests the potential role of a-MSH beyond pig-

ment induction as a guarantor of epidermal homeostasis and

oxidative stress balance [44]. In an investigator-initiated,

phase II, open-label, pilot study, afamelanotide 16 mg

controlled release implant was administered subcutaneously

to two patients with HHD who had a number of long-s-

tanding skin lesions. Both patients had 100% clearance of

HHD lesions 60 days after the first injection, independently

of the lesion location [44].

5.2.3 Facial Acne Vulgaris

Acne vulgaris, a frequent inflammatory skin disease in

Caucasian adolescents, is caused multifactorially, includ-

ing increased sebum production, proliferation of propi-

onibacterium acnes, and hyperkeratinization of the

pilosebaceous duct. The open-label study by Bohm et al.

reported on three male patients with chronic stable disease

who were treated with two to three implants of

afamelanotide, in 3- to 4-week intervals [45]. The number

of acne lesions decreased from 68 ± 27.6 to 30 ± 19.7

between days 0 and 56, and life quality, as measured by the

Dermatological Life Quality Index, improved.

6 Safety

6.1 Adverse Effects

The adverse effects of afamelanotide have been reported

to be mild [41, 58], and, until now, no serious drug-

related adverse effects have been reported [41]. Mild

adverse effects include nausea, headache and pigmenta-

tion at the insertion site. Treatment-related events, such as

bruises or hematomas, and redness or itching at the

implant insertion site, have been reported. The summary

of product characteristics published by the European

Medicines Agency [63] lists additional potential adverse

effects, most of which are either due to the pigmentation

effect of afamelanotide, such as freckles and skin dark-

ening, or unspecific or rare, such as migraine, back pain,

abdominal pain, diarrhea, vomiting, decreased appetite,

fatigue, dizziness, drowsiness and weakness, hot flushes

and upper respiratory tract infections.

The observation time for adverse effects extends back to

early 1990s, when the first doses of afamelanotide were

applied to healthy volunteers [36]. Although treatment

duration was limited at these early time periods (see Sect.

4.2), the amount of drug to which these volunteers were

exposed was extremely high compared with the currently

applied commercial slow-release product; namely, a vol-

unteer was exposed to up to 10 doses of afamelanotide

0.21 mg/kg. Assuming the volunteer’s body weight to be

70 kg, the exposure reached 147 mg of afamelanotide

within the 2 weeks of administration. To reach this same

amount of exposure with the current commercial slow-re-

lease formulation, more than nine implantations are

required; these nine implants are currently applied within a

period of 1.5–3 years [58]. Despite this early high exposure

to afamelanotide in saline, no long-term negative sequelae

in these volunteers have been reported until now.

In addition, a long-term observational study of the now

commercialized controlled-release implant of afamelan-

otide in EPP patients, which covers up to 8 years of con-

tinuous exposure, showed no serious drug-related adverse

event [58], and the frequency and nature of observed

adverse events were similar to those in the clinical trials.

Since this report, our center administered another 400

afamelanotide implants to EPP patients and our experience

now extends to a maximum of 10 years of continuous

application of the controlled-release formulation, with no

new afamelanotide-related adverse events.
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As a caveat, illegal internet-distributed chemical agents

are sold for lifestyle and tanning purposes under false

pretences using the false name of afamelanotide, or its

previous names and, in the medical literature, serious

conditions associated with the use of these compounds

have been described [64–70]. As we did not observe any of

the pathologies reported from these illegally-distributed

compounds, and after having implanted more than 1000

implants of the genuine afamelanotide drug, we assume

that the reported adverse effects of the illegal compounds

are elicited by toxic additives or impurities that may be

contained in those preparations, besides some kind of a-
MSH-like peptides.

In conclusion, all current clinical observations and

reports support a very benign safety profile of

afamelanotide.

6.2 Immunogenicity

In recent years, it has been observed that biological drugs

could elicit an immunogenic reaction in a treated human.

The 13-amino acid peptide afamelanotide has a very low

molecular weight of only 1647 Da compared with other

biological drugs. This low weight reduces the risk of

eliciting antibodies, as long as no aggregates are released

into the organism [71, 72]. On the other hand, the repeated

administration of afamelanotide can potentially increase

the risk of provoking an immunogenic response. The

existence of both antidrug antibodies and neutralizing

antibodies were tested during long-term treatment of EPP

patients [73, 74]. Pre-existing immunoreactivity was found

in some patients and this immunoreactivity was seen

against both afamelanotide and the physiological hormone

a-MSH. A similar reactivity of some human sera against a-
MSH has been previously described [75]. The reactivity in

those EPP patients with pre-existing immunoreactivity did

not increase during the repeated application of afamelan-

otide. Moreover, none of these sera had a neutralizing

effect against the activity of afamelanotide in mouse mel-

anoma cells transfected with the human MC1R. These data

exclude the fact that afamelanotide induces immunogenic

reactions during prolonged application.

7 Conclusion

In a slow-release formulation, afamelanotide, a highly

active a-MSH analogue, has proven to be effective in a

number of skin disorders, most likely due to its combined

effects on skin pigmentation, immunomodulation,

enhancement of antioxidant activity and DNA repair.

Adverse effects were mild and no late sequelae after early

high doses or prolonged application were encountered.
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