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Summary 
Synopsis 

Azelaic acid is a naturally occurring saturated dicarboxylic acid which, on topical application 
(usually as a 20% cream), has been shown to be effective in the treatment of comedonal acne and 
inflammatory (papulopustular, nodular and nodulocystic) acne, as well as various cutaneous hy
perpigmentary disorders characterised by hyperactive/abnormal melanocyte function , including 
melasma and, possibly, lentigo maligna. In addition, azelaic acid has an antiprolijerative and 
cytotoxic effect on the human malignant melanocyte, and preliminary findings indicate that it 
may arrest the progression of cutaneous malignant melanoma. The mechanism of this selective 
cytotoxic action of azelaic acid is unclear, but may possibly be related to its inhibition of mito
chondrial oxidoreductase activity and DNA synthesis. In controlled studies, topical azelaic acid 
demonstrated comparable anti-acne efficacy to topical tretinoin, benzoyl peroxide, erythromycin 
and oral tetracycline, while in patients with melasma azelaic acid proved at least as effective as 
topical hydroquinone. On topical application azelaic acid is well tolerated, with adverse effects 
apparently limited to a generally mild and transient local cutaneous irritation. Thus, topical aze
laic acid, employed either as monotherapy or in combination with other treatments, is likely to 
prove of value in the management of acne and several hyperpigmentary disorders, most notably 
melasma. 

Pharmacodynamic Studies 

Azelaic acid displays bacteriostatic and bactericidal properties against a variety of aerobic and 
anaerobic microorganisms present on acne-bearing skin. Topical application of 20% azelaic acid 
cream caused marked reductions in the densities of cutaneous micrococcaceae and intrafollicular 
Propionibacterium sp., and decreased the free fatty acid content of skin surface lipids. Sebum 
production, sebum composition and sebaceous gland morphology were not significantly altered. 

In vitro, azelaic acid 20 to 50 mmol/L displayed a time- and concentration-dependent anti
proliferative effect on normal human and neonatal mouse keratinocytes, mouse melanoma cells 
and human cutaneous and choroidal melanoma cells; a cytotoxic effect was manifest at concen
trations greater than 40 mmol/L. A similar anti proliferative/cytotoxic effect has been demon
strated with human lymphoma- and leukaemia-derived cell lines and squamous carcinoma cells. 

Topical 20% azelaic acid cream showed an antikeratinising effect on normal and acne-affected 
skin which was related to decreased synthesis of filaggrin (keratin filament aggregating protein); 
hence a reduction in follicular hyperkeratosis may partly underlie the drug's anti-acne action. 

Azelaic acid appears to act selectively on hyperactive and abnormal melanocytes. On pro
longed (~ 3 months) topical application, 15 or 20% azelaic acid cream caused no appreciable 
depigmentation of normally pigmented human skin, freckles, senile lentigines or naevi, but re
duced epidermal melanogenesis in patients with lentigo maligna. Combined topical and oral (10 
to 15 g/day) azelaic acid therapy in patients with cutaneous malignant melanoma resulted in the 
degeneration and disappearance of malignant epidermal melanocytes. 

The anti proliferative/cytotoxic effects of azelaic acid appear to be mediated primarily via 
disruption of mitochondrial respiration and/or cellular DNA synthesis, rather than via inhibition 
of tyrosinase activity. Ultrastructural studies demonstrated selective and marked mitochondrial 
swelling and vacuolation, and accumulation of cytoplasmic lipid droplets, both in cutaneous/ 
choroidal melanoma cells exposed to azelaic acid (~ 100 mmol/L) in vitro and in skin biopsies 
obtained from patients with lentigo maligna or cutaneous melanoma treated with topical azelaic 
acid. Differences in cellular permeability and/or metabolic activity may account for the greater 
susceptibility of hyperactive and abnormal epidermal cells (keratinocytes and melanocytes) to the 
antiproliferative and depigmenting actions of azelaic acid. 
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Pharmacokinetic Studies 

Azelaic acid has been administered to humans orally, by intravenous, intra-arterial and in
tralymphatic infusion (15% solution of the disodium salt) and topically (usually as 20% azelaic 
acid cream). In healthy volunteers, plasma azelaic acid concentrations peaked at 6 to 75 mgjL 
2 hours after a single oral dose of 0.5 to 5g. Plateau plasma azelaic acid concentrations in excess 
of 940 mgjL (consistent with those showing antiproliferative effects in vitro) have been achieved 
with continuous intravenous/intra-arterial infusion. Percutaneous absorption of azelaic acid is 
governed by the formulation employed, varying from 3% (ointment or. emulsion base) to 8% (gel) 
of the administered dose. In humans, azelaic acid is partially metabolised by mitochondrial {J
oxidation to acetyl CoA and malonyl CoA; unchanged drug is excreted exclusively in the urine. 

Therapeutic Efficacy 

Under controlled conditions, twice daily topical application of 20% azelaic acid cream was 
markedly more effective than that of its vehicle in reducing numbers of comedones, papules and 
pustules in patients with mild-to-moderate acne. On completion of 3 months' therapy, a signifi
cantly higher proportion of patients with papulopustular acne had achieved a good-to-excellent 
clinical response with azelaic acid (64%) than with vehicle (36%). Over 5- or 6-month treatment 
periods, topical 20% azelaic acid cream, applied twice daily, was of comparable efficacy to topical 
0.05% tretinoin cream, topical 5% benzoyl peroxide gel, topical 2% erythromycin cream, and oral 
tetracycline 0.5 to 1.0 gjday in comedonal and mild-to-moderately severe inflammatory acne, 
producing a good-to-excellent clinical response in 65 to 80% of patients with mild-to-moderate 
acne and in approximately 60% of those with moderate-to-severe acne. However, topical 20% 
azelaic acid, administered twice daily over a 6-month period, was significantly less effective than 
ural isotretinoin 0.5 to 1.0 mgjkgjday in conglobate acne. Differences in the time course of the 
responses to azelaic acid and the various anti-acne agents included a slightly more rapid initial 
improvement in papulopustular acne with benzoyl peroxide. 

Preliminary findings indicate that topical 20% azelaic acid cream, administered twice daily 
over a 6-month treatment period, is of comparable efficacy to topical 4% hydroquinone cream, 
and significantly superior to 2% hydroquinone cream, in reducing pigmentation and lesion size 
in melasma (good-to-excellent clinical response in 73 vs 19% of patients receiving azelaic acid 
and 2% hydroquinone, respectively). 

The clinical response to topical 15 or 20% azelaic acid cream, applied twice daily for periods 
of 3 to 12 months, in lentigo maligna was characterised by a progressive reduction in pigmen
tation, flattening of indurated lesion surfaces and apparent lesion shrinkage. Although response 
rates showed large interstudy variation (ranging from 13 to 100%), clinical remission, once achieved, 
was sustained. This inconsistency of response to azelaic acid would, nevertheless, suggest that its 
use should be confined to those cases of lentigo maligna in which surgery is contraindicated. 
Similarly, while preliminary findings indicate that combined topical (20% cream) and oral (10 to 
15 gjday) azelaic acid therapy may arrest lesion progression in patients with cutaneous malignant 
melanoma, surgical excision must remain the accepted mode of treatment for this condition. 
Other possible indications for azelaic acid include treatment of physical and phototoxic hyper
pigmentation. 

Adverse Effects 

Azelaic acid, at oral doses of up to 4000 mgjkg, has shown no evident toxicity, teratogenicity 
or mutagenicity in animal studies, and during oral (~ 20 gjday) or topical (20% cream) admin
istration to humans has demonstrated no systemic adverse effects. Local cutaneous irritation, 
marked by erythema, pruritus, scaling and a burning sensation, occurs in 5 to 10% of patients 
(an incidence comparable to that seen with its cream base), and is mild and transient, generally 
subsiding after 2 to 4 weeks of treatment. In terms of local cutaneous effects, topical azelaic acid 
is well tolerated in comparison with standard topical anti-acne agents and, in addition, is free of 
the specific systemic effects variously associated with oral anti-acne agents: antibiotic resistance 
(tetracycline), mucocutaneous effects and teratogenicity (isotretinoin), potential endocrine im-
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balance (cyproterone acetate). The incidences ofloca1 cutaneous irritation associated with the use 
of topical 20% azelaic acid and 2 to 4% hydroquinone creams appear comparable. 

Dosage and Administration 

The topical route of administration is the only one currently available for azelaic acid. A 20% 
azelaic acid cream applied twice daily is most frequently employed. 

Azelaic acid (1,7 heptanedicarboxylic acid; non
anedioic acid) is a naturally occurring, saturated, 
straight-chained dicarboxylic acid that has been re
ported to be effective in the topical treatment of 
acne vulgaris and various cutaneous hyperpigmen
tary disorders characterised by hyperactive or ab
normal melanocyte function, including melasma, 
lentigo maligna, postinflammatory melanoderma 
and physical and photochemical hyperpigmenta
tion. It has no depigmenting action on normal skin, 
freckles, senile lentigines or naevi in general. Aze
laic acid additionally displays an antiproliferative 
and cytotoxic effect on the malignant melanocyte 
in vitro and in vivo, and on non-tyrosinase-con
taining tumoural cells in vitro. 

1. Pharmacodynamic Properties 
1.1 Effects on Cutaneous Microflora 

It is widely accepted that the follicular micro
flora of acne-bearing skin, which is dominated by 
propionibacteria, staphylococci and lipophilic Pi
tyrosporum yeasts (Leeming et al. 1985, 1988; 
Puhvel & Amirian 1979; Strauss 1989), is import
ant in the pathogenesis of the perifollicular inflam
matory processes associated with this condition (De 
Young et al. 1984; Holland et al. 1981). In partic
ular, follicular population densities of Propioni
bacterium acnes, which are elevated in acne-bear
ing skin (Leyden et al. 1975), decline during 
successful antibacterial treatment of acne (Marples 
et al. 1974). 

Azelaic acid possesses bacteriostatic properties 
in· vitro against a variety of aerobic microorga
nisms, including Staphylococcus aureus, Staphylo
coccus epidermidis, Proteus mirabilis, Escherichia 
coli. Pseudomonas aeruginosa, Candida albicans 
and the anaerobe Propionibacterium acnes (Bojar 

et al. 1988; King et al. 1985; Leeming et al. 1986; 
Nazzaro-Porro et al. 1985; Rach & T6pert 1986; 
T6pert et al. 1989), while at high concentrations 
(> 250 mmol/L) it is bactericidal against S. epi
dermidis and P. acnes (Bojar et al. 1988; Leeming 
et al. 1986). The in vitro "activity of azelaic acid 
against S. epidermidis and P. acnes is enhanced un
der conditions of nutrient depletion and low en: 
vironmental pH, with the latter factor favouring 
uptake of azelaic acid into the cell (Bojar et al. 1988; 
Holland et al. 1989; Leeming et al. 1986). Conse
quently, minimum inhibitory concentrations (MIC) 
of azelaic acid required to prevent growth of these 
microorganisms vary widely in accordance with 
differing experimental conditions, ranging from 25 
to 125 mmol/L for S. epidermidis and 0.1 to 250 
mmol/L for P. acnes (Bojar 1990; Holland & Bojar 
1989; Leeming et al. 1986). 

The susceptibility of S. epidermidis and P. acnes 
to growth inhibition by azelaic acid (2 or 4 mmol/ 
L) in vitro was unaltered during continuous (53 
days) culture, thereby suggesting that phenotypic 
adaptation or acquisition and selection of resistant 
strains of these microorganisms is unlikely to occur 
during prolonged topical therapy with this com
pound (Holland & Bojar 1989). 

The antimicrobial action of azelaic acid is ap
parently attributable.to inhibition of cellular pro
tein synthesis: azelaic acid has been shown to pro
duce marked inhibition of protein synthesis by S. 
epidermidis and P. acnes at concentrations com
parable to those required for inhibition of micro
bial growth (Bojar et al. 1988; Holland et al. 1989). 
Protein synthesis by S. epidermidis was completely 
inhibited at a bacteriostatic concentration (25 
mmol/L) which had minimal effect on cellular res
piration, thereby indicating that azelaic acid is un-
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likely to inhibit prokaryotic cell growth through a 
respiratory mechanism (Bojar et al. 1988). 

While azelaic acid 5 to 100 mmoljL produced 
dose-related inhibition of E. coli DNA polymerase 
I activity in vitro (Galhaup 1989), the drug had no 
significant effect on DNA synthesis in S. epider
midis at a concentration (100 mmol/L) causing 
marked inhibition of protein synthesis (Bojar et al. 
1988). 

Topical application of 20% azelaic acid cream 
to acne-affected skin for 2 to 3 months resulted in 
pronounced reductions in the densities of super
ficial cutaneous microflora as well as intrafollicular 
micrococcaceae (~ 99.9%) and intrafollicular Pro
pionibacterium sp. (97.7%) [Bladon et al. 1986; 
Cunliffe & Holland 1989; Holland et al. 1989]; co
medo biopsy sections similarly demonstrated 
marked reductions in bacteria and spore numbers 
(Mayer-da-Silva 1989). Skin surface lipids ob
tained froom areas treated with topical azelaic acid 
exhibited significant decreases in their free fatty acid 
content (Breathnach et al. 1984; Cunliffe & HoI
land 1989). While these effects are suggestive of a 
direct antibacterial (bacteriostatic or bactericidal) 
action of azelaic acid in vivo, the possibility that 
they might be mediated indirectly through azelaic 
acid-induced alterations to the cutaneous microen
vironment cannot be excluded. 

Preliminary findings indicate that azelaic acid 
has selective antiviral properties in vitro. Azelaic 
acid ( 0.1 to lO mmol/L) produced a concentra
tion-dependent inhibition of vaccinia virus repli
cation in cultures of infected HeLa and Vero host 
cells, and at a concentration of 17 mmol/L elicited 
a 45% reduction in virus-specific DNA synthesis 
in the cytoplasmic fraction of vaccinia-infected 
HeLa cells (Reith et al. 1985). 

1.2 Effects on the Sebaceous Gland 

Stimulation of sebaceous gland activity by an
d'rogens, in particular dihydrotestosterone, is be
lieved to be a possible contributory factor in the 
pathogenesis of acne (Mayer-da-Silva 1989). In
creased sebum production is noted in individuals 
with acne (Harris et al. 1983; Pochi & Strauss 1964), 
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while enhanced cutaneous bioconversion of testo
sterone to dihydrotestosterone by 5a-reductase oc
curs in areas of the skin rich in sebaceous glands 
(Sansone & Reisner 1971). While azelaic acid (0.1 
to 3.0 mmol/L) produced a competitive concen
tration-dependent inhibition of 5a-reductase activ
ity in homogenates of human foreskin (Stamatiadis 
et al. 1988), the physiological significance of these 
findings is unclear. In vivo animal studies have 
yielded conflicting results, with lipogenesis in the 
hamster ear sebaceous gland variously reported to 
be inhibited (Limburg et al. 1989) or unaffected 
(Rach & Topert 1986) by topical administration of 
azelaic acid for periods of up to 4 months. In hu
mans, it appears unlikely that azelaic acid has any 
direct effect on the functional activity of the se
baceous gland, as topical administration of 20% 
azelaic acid cream for periods of 3 to 6 months to 
individuals with acne, seborrhoea or normal skin 
had no significant effect on sebum excretion rate 
(Bladon et al. 1986; Cunliffe & Holland 1989; 
Gassmueller et al. 1985; Marsden & Shuster 1983; 
Mayer-da-Silva et al. 1989), sebum composition 
(Cunliffe & Holland 1989; Gassmueller et al. 1985; 
Mayer-da-Silva et al. 1989) or sebaceous gland 
morphology (Mayer-da-Silva et al. 1989). Never
theless, patients with acne have reported a gradual 
and progressive subjective reduction in skin greas
iness after I to 2 months of treatment with 15 or 
20% azelaic acid cream (Marsden & Shuster 1983; 
Nazzaro-Porro et al. 1983). 

1.3 Effects on Oxidoreductase Activity and 
Reactive Oxygen Species 

In vitro, azelaic acid is a competitive and re
versible inhibitor of tyrosinase, the key enzyme of 
melanogenesis (Nazzaro~Porro & Passi 1978), thio
redoxin reductase, an enzyme involved in deoxy
ribonucleotide biosynthesis (Schallreuter & Wood 
1987; Schallreuter et al. 1987), and microsomal 
NADPH cytochrome P450 reductase (Passi et al. 
1984). In rat liver mitochondria, azelaic acid (I to 
lO mmol/L) inhibits respiration and produces 
competitive in vitro inhibition of the respiratory 
chain enzymes, including NADH dehydrogenase, 
succinic acid dehydrogenase and reduced ubiqui-
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none cytochrome c oxidoreductase (Passi et al. 
1984; Picardo et al. 1983). In addition, azelaic acid 
has an inhibitory effect on anaerobic glycolysis and 
inhibits purified yeast hexokinase (Bargoni & Ta
zartes 1983). 

Recent investigations have demonstrated that 
azelaic acid inhibits the generation and action of 
reactive oxygen species (oxy radicals) in biological 
systems, an effect which may contribute to the 
drug's anti-inflammatory and diverse therapeutic 
properties. In vitro, azelaic acid acted as a scav
enger of oxy radicals, inhibiting the hydroxylation 
of aromatic compounds (including tyrosine) and 
the peroxidation of arachidonic acid induced by 
reactive hydroxy radicals (Passi et al. 1990, 1991a), 
while at nontoxic concentrations (~ 20 mmol/L) it 
reduced the cytotoxic effects of hydroxy radicals 
generated by UV irradiation or diphenol auto-ox
idation on melanoma- and lymphoma-derived cell 
cultures (Picardo et al. 1990; Passi et al. 1991 b). 
Azelaic acid has additionally been shown to de
crease superoxide anion and hydroxy radical gen
eration by neutrophils (Akamatsu et al. 1991). 

1.4 Effects on Epidermal and Dermal Cell 
Proliferation and Viability 

1.4.1 Non-Tumour Cells 
In vitro, azelaic acid I mmol/L had no signifi

cant anti proliferative or cytotoxic effect (as as
sessed by inhibition of cellular incorporation of 
[3H]thymidine and cell duplication) on normal hu
man dermal fibroblasts (Geier et al. 1986) or epi
dermal melanocytes (Breathnach et al. 1979); at 
higher concentrations (10 to 40 mmol/L), azelaic 
acid also lacked significant cytostatic and cytotoxic 
activity on normal murine fibroblasts (Picardo et 
al. 1985) and keratinocytes (Leibl et al. 1985). 
However, azelaic acid 10 to 40 mmol/L displayed 
a reversible, concentration- and time-dependent 
anti proliferative effect (as indicated by reduced 
cellular incorporation of [3H]thymidine) on cul
tured neonatal murine keratinocytes (Detmar et al. 
1986, 1989) and human keratinocytes (Detmar et 
al. 1988; Galhaup 1989), while at concentrations 
in excess of 40 mmol/L a cytotoxic effect on mu-
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rine and human keratinocytes was evident (Gal
haup 1989). In cultured neonatal murine keratin
ocytes azelaic acid (20 to 50 mmol/L) additionally 
inhibited RNA synthesis (as assessed by cellular 
incorporation of [3H]uridine) and protein synthe
sis, in particular the synthesis of keratohyaline
associated macroaggregates and non-cross-linked 
fibrous proteins (Detmar et al. 1989). This would 
suggest that, rather than being a general protein 
synthesis inhibitor, azelaic acid has an anti keratin
ising effect, specifically inhibiting the synthesis of 
cytoplasmic proteins during the terminal stages of 
keratinocyte differentiation (Mayer-da-Silva 1989). 

In vivo, azelaic acid appears to influence the dif
ferentiation of human keratinocytes by reducing the 
synthesis of filaggrin (keratin filament aggregating 
protein), and may thus act as an antikeratinising 
agent. Topical application of 20% azelaic acid cream 
for 3 months to normal, seborrhoea- and acne-af
fected skin resulted in alterations in the pattern of 
epidermal keratinisation (Gollnick et al. 1987; 
Mayer-da-Silva et al. 1987, 1989). Light and elec
tron microscopic examination of the epidermis re
vealed reductions in the number and size of ker
atohyaline granules and tonofilament bundles in 
the stratum corneum, intercellular oedema and 
marked reductions in the thickness of the horny 
layer in acro-infundibular areas (Mayer-da-Silva et 
al. 1987, 1989). Immunocytochemistry suggested 
an effect of azelaic acid on the terminal phase of 
epidermal keratinisation, with restoration of the 
normal pattern of filaggrin distribution occurring 
in the epidermal granular and horny layers of se
borrhoea- and acne-affected skin (Gollnick et al. 
1987; Mayer-da-Silva et al. 1989). On the basis of 
this antikeratinising action, it has been suggested 
that an azelaic acid-induced reduction in follicular 
hyperkeratosis may partly account for the drug's 
beneficial clinical effect in acne (Mayer-da-Silva et 
al. 1989). Support for this hypothesis was provided 
by the observation that tetradecane-induced co
medo formation in the rabbit ear, which serves as 
a model offollicular epithelial hyperplasia, was sig
nificantly attenuated following 2 weeks' topical ap
plication of 20% azelaic acid cream (Topert et al. 
1989). 
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Prolonged (2 months) topical administration of 
azelaic acid and its mono methyl, dimethyl and di
ethyl esters caused no appreciable depigmentation 
of normally pigmented guinea-pig skin (Pathak et 
al. 1979, 1985; Wilkerson & Wilkin 1990). Simi
larly, topically administered azelaic acid is re
ported to be devoid of significant depigmenting ac
tion on normal human skin (regardless ofthe degree 
of existing pigmentation), freckles, senile lentigines 
or pigmented naevi (Breathnach et al. 1984, 1989a) 
and has no apparent effect on normal melanocyte 
structure (Nazzaro-Porro et al. 1979). In patients 
with lentigo maligna topical application of 15% 
azelaic acid cream for 3 or more months was as
sociated with a reduction in epidermal melano
genesis and the replacement of abnormal, heavily 
pigmented melanocytes by normal cells (Breath
nach et al. 1989a; Nazzaro-Porro et al. 1979, 1989). 
It would therefore appear that azelaic acid acts pre
dominantly, if not exclusively, on hyperactive or 
malignant, rather than normal, melanocytes 
(Breathnach et al. 1984). 

1.4.2 Tumour Cells 
Azelaic acid 10 to 100 mmol/L demonstrates a 

time- and concentration-dependent antiprolifera
tive effect in vitro, as indicated by inhibition of 
cellular growth or incorporation of [3H]thymidine, 
on several cell lines derived from malignant me
lanomas, including murine Harding-Passey and 
Cloudman S-91 melanoma (Leibl et al. 1985; Ro
bins et al. 1985b), human choroidal melanoma 
(Breathnach et al. 1989c) and human cutaneous 
melanoma (Breathnach et al. 1986; Geier et al. 
1986; Leibl et al. 1985; Pathak et al. 1985; Robins 
et al. 1985a). Cytotoxicity is manifested at concen
trations in excess of 40 mmol/L. In general, mu
rine melanoma cells appear to be more susceptible 
to the antiproliferative/cytotoxic effects of azelaic 
acid than human choroidal and cutaneous mela
noma cells (Breathnach et al. 1989c; Leibl et al. 
1985; Robins et al. 1985b), although several studies 
have demonstrated a reduction in the viability of 
cultured human cutaneous melanoma cells at aze
laic acid concentrations of 1 to 10 mmol/L (Geier 
et al. 1986; Pathak et al. 1985). A similar effect on 
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the proliferation and viability of several non-ty
rosinase-containing tumour cells, including human 
lymphoma- and leukaemia-derived cell lines and 
lymphoblastoid cells (Leibl et al. 1985; Picardo et 
al. 1985) and squamous carcinoma cells (Patzold 
et al. 1989), has been obtained with azelaic acid 10 
to 50 mmol/L. At concentrations causing marked 
inhibition of DNA synthesis (10 to 40 mmol/L), 
azelaic acid had no significant inhibitory effects on 
protein synthesis ([35S]methionine incorporation) 
in cultures of human melanoma cells (Leibl et al. 
1985). 

In nudeathymic mice bearing xenotransplanted 
human melanoma metastases, topical application 
of 20% azelaic acid cream or subtumoral injection 
of azelaic acid solution (320 mmol/L) resulted in 
significant retardation of tumour growth and de
creases in histomorphologica1 parameters of tum
our cell proliferation ([3H]thymidine labelling in
dex and mitotic index) [Nussgen et al. 1989]. On 
intravenous injection, azelaic acid similarly re
duced cell proliferation in perivascular regions of 
the tumour. In the case of xenotransplanted hu
man primary nodular melanoma, however, only 
topically administered azelaic acid was effective in 
reducing tumour volume and mitotic index (Nuss
gen et al. 1989). Similarly, subcutaneous azelaic acid 
(50 to 300 mg/kg) had no significant effect on the 
growth of subcutaneously and intraperitoneally 
implanted murine B16 melanoma tumours (Pa
thak et al. 1985). 

In patients with primary superficial and nodular 
cutaneous melanoma, short to medium term (2 to 
12 weeks) treatment with oral (10 to 15 mg/day) 
and topical (20% cream) azelaic acid caused de
generation and disappearance of malignant epi
dermal melanocytes and disintegration of dermal 
melanoma tumour masses (Breathnach et al. 1989a; 
Nazzaro-Porro et al. 1980). 

1.5 Effects on Cell Morphology 

Ultrastructural studies have demonstrated spe
cific mitochondrial swelling and vacuolation (due 
to disruption of cristae and loss of internal matrix), 
in the absence of damage to the cell membrane or 
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other cytoplasmic organelles, and accumulation of 
cytoplasmic lipid droplets in cultured murine mel
anoma cells (Breathnach et al. 1984; Hu et al. 1986; 
Robins et al. 1985b; Ward et al. 1986) and human 
epidermal (Breathnach et al. 1986; Robins et al. 
1985a) and choroidal (Breathnach et al. I 989c) 
melanoma cells exposed to azelaic acid I to 100 
mmol/L in vitro. The addition of camitine to cul
tures of murine melanoma cells potentiated the 
mitochondrial swelling induced by azelaic acid 10 
mmol/L, thereby suggesting that enhanced, cami
tine-mediated transport of the dicarboxylic acid into 
the mitochondrion had occurred (Ward et al. 1986). 
While some mitochondrial swelling was observed 
in normal human melanocytes exposed to azelaic 
acid 100 mmol/L, it was markedly less severe than 
that obtained at this concentration in malignant 
human melanocytes (Breathnach et al. 1986; Ro
bins et al. 1985a). Similarly, in cultures of neonatal 
murine keratinocytes, azelaic acid 20 to 50 mmol/ 
L induced reversible subcellular changes, including 
mitochondrial swelling and vacuolation, and en
largement of the rough endoplasmic reticulum, in 
a concentration- and time-dependent manner (Det
mar et al. 1989). 

The abovementioned subcellular responses to 
azelaic acid in vitro are largely mirrored by its ef
fects in ~ivo. Thus, following 3 months' topical ap
plication of 20% azelaic acid cream to normal hu
man skin, distinct ultrastructural changes were 
noted in epidermal cells: keratinocytes displayed 
mitochondrial swelling and loss of cristae and 
granular matrix despite preservation of the mito
chondrial membrane, irregular nuclei with en
larged perinuclear rough endoplasmic reticulum, 
and reduced numbers and volumes of tonofila
ments and keratohyaline granules (Mayer-da-Silva 
et al. 1987). In contrast, no · significant ultrastruc
tural changes to epidermal melanocytes were ob
served following prolonged (2 months) topical ap
plication of 15% azelaic acid cream to normally 
pigmented guinea-pig skin (Pathak et al. 1985), a 
response consistent with the reported lack of epi
dermal depigmentation obtained with azelaic acid 
esters in this animal model (Wilkerson & Wilkin 
1990). Ultrastructural studies of the effects of top-
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ically administered azelaic acid on lentigo maligna 
(Nazzaro-Porro et al. 1979) and cutaneous mela
noma (Nazzaro-Porro et al. 1980) have demon
strated morphological changes analogous to those 
produced in vitro on cultured human melanoma 
cells - viz. mitochondrial swelling and accumula
tion of cytoplasmit lipid droplets. 

1.6 Mechanism of Action 

While the mechanism(s) by which azelaic acid 
exerts its beneficial therapeutic effect in dermato
logical conditions as diverse as acne and hyperpig
mentary disorders remains unclear, several lines of 
investigation indicate that the drug's inhibitory ef
fect on cellular oxidoreductase and oxy radical ac
tivities and nuclear DNA synthesis may be of im
portance. 

It has been suggested that antityrosinase activity 
might underlie the effects of azelaic acid on hy
peractive and malignant melanocyte function (Hu 
et al. 1986; Nazzaro-Porro et al. 1979). However, 
azelaic acid does not appear to be exclusively anti
melanocytic: it has an inhibitory effect on the pro
liferation and viability of several non-tyrosinase
containing tumour cells, including lymphoma- and 
leukaemia-derived cell lines, lymphoblastoid ceJls 
and squamous cell carcinoma (see section 1.4.2). 
Moreover, autoradiography of normal and malig
nant melanocytes exposed to [3HJdodecanedioic 
acid (the structurally related C12 dicarboxylic acid) 
revealed the localisation of radioactivity in the mi
tochondrion and nucleus rather than the melano
some (Breathnach et al. 1983; Ward et al. 1984). 
Similarly, [3H]azelaic acid is incorporated predom
inantly into the nucleus of human melanoma cells 
and murine and human keratinocytes (Galhaup 
1989) where, at nontoxic concentrations, it causes 
selective inhibition of DNA polymerase activity 
(Galhaup 1989). In addition, the ultrastructural 
changes produced by azelaic acid in neonatal mu
rine keratinocytes indicate that the mitochondrion 
and rough endoplasmic reticulum are likely cyto
plasmic sites of .drug action (Mayer-da-Silva et al. 
1989). Hence, the anti proliferative/cytotoxic ef
fects of azelaic acid in eukaryoticcells appear to 
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be mediated primarily via disruption of mitochon
drial enzyme activity and/or nuclear DNA synthe
sis (Nazzaro-Porro 1987), although inhibition of 
tyrosinase activity may be a contributory factor (Hu 
et al. 1986). 

While the reason for the greater susceptibility of 
hyperactive and malignant cells to the antiproli
ferative and depigmentary actions of azelaic acid 
remains obscure, preliminary findings suggest that 
differences in cellular permeability to the drug and/ 
or metabolic activity may be of relevance. In vitro 
uptake of [14C]azelaic acid into human lymphoma
and leukaemia-derived cell lines is approximately 
3 times greater than that into normal lymphocytes 
and fibroblasts (Picardo et al. 1985). It has been 
suggested that enhancement of cellular uptake of 
azelaic acid resulting from increased plasma mem
brane permeability may exceed the cells' ~-oxida
tive metabolic capacity, leaving excess drug avail
able for inhibition of mitochondrial enzyme activity 
(Breathnach et at. 1989b). Scanning electron mi
croscopy of murine and human melanoma cells ex
posed to azelaic acid in vitro revealed damage to 
the plasma membrane similar to that induced by 
anticancer drugs (Breathnach et at. 1987). 

Factors considered to be of importance in the 
pathogenesis of acne include: (a) hyperactivity of 
the sebaceous gland; (b) follicular hyperkeratini
sation; (c) microbial colonisation of the piloseba
ceous unit; and (d) perifollicular inflammation. Ac
cumulated evidence from biochemical and 
morphological studies would indicate that azelaic 
acid owes its anti-acne action to an antimicrobial 
effect on acne-related microrganisms such as P. 
acnes (see section l.l) and an antikeratinising ef
fect on the follicular epidermis (see section 1.4.1) 
rather than to any direct inhibition of sebaceous 
gland activity (see section 1.2). Both these effects 
are apparently attributable to a drug-induced in
hibition of cellular protein synthesis. 

It has been proposed that direct modification of 
comedogenesis through normalisation of the dis
ordered keratinisation of the follicular infundibu
lum may underlie the rapid reduction in nonin
flamed acne lesions obtained in response to azelaic 
acid (Cunliffe & Holland 1989). The reduction in 
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inflamed acne lesions may be attributed to the 
drug's antimicrobial action on the cutaneous mi
croflora (Cunliffe & Holland 1989) and, possibly, 
to a direct anti-inflammatory action mediated 
through its oxy radical scavenging properties (see 
section 1.3). 

2. Pharmacokinetic Properties 

Azelaic acid has been administered to humans 
orally, by intravenous, intra-arterial and intralym
phatic infusion (as a 15% solution ofthe disodium 
salt) and topically (usually as 15 or 20% azelaic 
acid cream) [Breathnach et al. 1984; Nazzaro-Porro 
et at. 1983]. 

Plasma and urinary concentrations of azelaic 
acid have been assayed by combined .gas chro
matography-mass spectrometry (Matsumoto et at. 
1990; Niwa et al. 1979; . Rocchiccioli et al. 1986), 
reverse phase high performance liquid chromato
graphy-mass spectrometry (detection limit 0.5ng) 
[Passi et at. 1983] and gas liquid chromatography 
(detection limit lOng) [Mingrone et at. 1989]. 

2.1 Absorption and Plasma Concentrations 

In healthy volunteers, plasma azelaic acid con
centrations peaked at 6 to 75 mg/L (Cmax) at 2 
hours (tmax) following administration of single oral 
doses of azelaic acid 0.5 to 5g, before declining to 
negligible levels at 8 hours postdose (Passi et at. 
1983). On completion of an 80-minute intravenous 
infusion of azelaic acid 109, plasma concentrations 
in healthy volunteers declined from a maximum 
of approximately 600 mg/L to less than 100 mg/L 
over the subsequent 160-minute postinfusion pe
riod (fig. I) [Mingrone et at. 1989]. Plateau plasma 
azelaic acid concentrations in excess of 940 mg/L 
(5 mmol/L), consistent with those concentrations 
displaying antiproliferative effects in vitro (see sec
tion 1.4), have been achieved on continuous (8- to 
10-hour) intravenous and intra-arterial infusion 
(Passi et at. 1989). These routes of administration 
may therefore be appropriate in the treatment of 
metastatic melanoma. 

Percutaneous absorption of azelaic acid in hu-
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mans is time dependent and significantly affected 
by the formulation employed: absorption from 
azelaic acid gel at 12 hours (8.1 %) was significantly 
superior to that from a water soluble polyethylene 
glycol ointment base (3.6%) or an oil/water emul
sion base (3.0%) [Maru et al. 1982]. A plasma aze
laic acid concentration of 0.038 mg/L was achieved 
following topical application of Ig of 20% azelaic 
acid cream, representing a percutaneous absorp
tion of 3.6% (Breathnach et al. 1989). 

2.2 Distribution 

Following intragastric administration of 1,9-
[14C]azelaic acid to the rat, radiolabel was detect
able in all body tissues; at 12 hourspostdose the 
highest concentrations were recorded in the liver, 
lungs and kidney, while levels of radioactivity in 
adipose tissue continued to increase for 96 hours 
postdose (Passi et al. 1983). Approximately 90% of 
total organ radioactivity was present in tissue lip
ids, where it was concentrated predominantly in 
the fatty acid fraction of triglycerides and phos
pholipids (Dousset & Douste-Blazy 1973; Passi et 
al. 1983). In the dog, azelaic acid crosses the blood
brain barrier following oral and intravenous 
administration, with the concentration in the CSF 
constituting 2 to 5% of that in the plasma (Passi 
et al. 1989). 

Investigation of the ocular distribution of 1-
[14C]azelaic acid following topical (retrobulbar) and 
intravenous administration to the rabbit revealed 
high concentrations of radiolabel in the aqueous 
and, to a lesser extent, vitreous humours, with peak 
levels occurring at 2 hours postdose (Mingrone et 
al. 1984). It would appear, therefore, that azelaic 
acid readily crosses the blood-aqueous humour 
barrier and that the intravenous route of admin
istration may be appropriate for treatment of cho
roidal melanoma. 

2.3 Metabolism and Excretion 

In the rat and human, orally and systemically 
administered azelaic acid is partially metabolised 
by mitochondrial .a-oxidation, while unchanged 
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drug is excreted exclusively in the urine (Passi et 
al. 1983). As the result of successive cleavage of 
the dicarboxylic acid chain by 2 carbon units, aze
laic acid is metabolised via pimelic (heptanedioic) 
acid and glutaric (pentanedioic) acid (the major ur
inary metabolites) to malonyl CoA (a precursor in 
fatty acid biosynthesis) and acetyl CoA (which may 
serve as a precursor in cholesterol biosynthesis or 
enter Kreb's cycle to yield carbon dioxide and in
termediary metabolic products) [Passi et al. 1983]. 
Following initiation of an 80-minute intravenous 
infusion of azelaic acid 109 in healthy volunteers, 
urinary excretion of unchanged parent compound 
and its primary metabolite, pimelic acid, peaked 
over the first 2-hour period (fig. 1) [Mingrone et 
al. 1989]. The contribution of .a-oxidation to the 
elimination of azelaic acid in humans is variable 
and appears to be governed by the · route of drug 
administration rather than by dosage: urinary ex
cretion of unchanged azelaic acid accounted for ap
proximately 60% of the total oral dose and 80% of 
the total intravenous or intra-arterial dose, and was 
generally complete within 12 hours of drug admin
istration (Passi et al. 1983, 1989). Data on the cu
taneous metabolism of azelaic acid in humans is 
currently lacking. 

3. Therapeutic Efficacy in Acne Vulgaris 

Treatment of acne necessitates a more diverse 
approach than that of other skin conditions, due 
to the various pathogenic factors contributing to 
the clinical picture, and ·the differing nature and 
extent of the presenting symptoms. Evaluation of 
the therapeutic efficacy of anti-acne agents is com
plicated by the predominantly subjective nature of 
the clinical end-point. Although quantifiable para
meters of clinical response, based _ on serial pho
tography, lesion counts and acne grading scales, are 
generally employed, these techniques are necessar
ily subject to interobserver and intervisit variation, 
and few studies document the accuracy and re
producibility of their methods for assessing acne 
severity. In addition, spontaneous alterations in 
acne severity and the acknowledged placebo com
ponent in the response to anti-acne treatment ne-
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Fig. 1. Mean plasma concentration and mean 2-hourly ur
inary excretion of azelaic acid (e) and pimelic acid (0) fol
lowing initiation of an 80-minute intravenous infusion of 
azelaic acid 109 in 6 healthy volunteers (adapted from Min
grone et al. 1989). 

cessitate the use of controlled clinical studies to as
sess drug efficacy. 

The therapeutic efficacy of topical 20% azelaic 
acid cream has been evaluated in several con
trolled, large-scale, medium term (3 to 6 months) 
comparisons with its vehicle (placebo) and estab
iished topical and systemic anti-acne agents, in
cluding tretinoin, benzoyl peroxide, erythromycin 
and tetracycline, in patients with acne of varying 
severity. Patients were generally withdrawn from 
other systemic or topical anti-acne therapy 2 to 6 
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weeks before randomisation and entry into parallel 
treatment groups. When required, blindness was 
maintained in comparisons of the various oral and 
topical treatments through appropriate use of pla
cebo formulations (capsules and cream). 

3.1 · Comparisons with Placebo 

Twice daily topical administration of 20% aze
laic acid cream over a 3-month period has been 
shown to be markedly more effective than that of 
its vehicle (placebo) in reducing the numbers of 
inflamed and noninflamed facial lesions in double
blind studies involving patients with mild-to-mod
erate acne (Cunliffe & Holland 1989) and papu
lopustular acne (Katsambas et al. 1989) [table I; 
fig. 2]. While a significant decrease in noninflamed 
lesions (comedones) preceded that of inflamed le
sions (papules and pustules) in patients with pa
pulopustular acne (Katsambas et al. 1989), the con
verse applied to those with mild-to-moderate acne 
(Cunliffe & Holland 1989), thereby implying that 
azelaic acid exerts its anti-acne effect through 
mechanisms additional to modification of come
dogenesis (see section 1.6). On completion of the 
3-month treatment period, a significantly higher 
proportion of the patients with papulopustular acne 
had achieved a good-to-excellent clinical response 
(~ 50% decrease in total lesion count) with azelaic 
acid (64%) than with placebo (36%) [Katsambas et 
al. 1989]. Similarly, in patients with mild-to-mod
erate acne, a larger proportion satisfied this effi
cacy criterion (noninflamed and inflamed lesions 
analysed separately) with azelaic acid (55% non
inflamed and 50% inflamed) than with placebo 
(20% noninflamed and 5% inflamed) [Cunliffe & 
Holland 1989]. 

3.2 Comparisons with Active Treatments 

Under controlled conditions, topical 20% aze
laic acid cream, applied twice daily for 5 or 6 
months, was of comparable therapeutic efficacy to 
topical 5% benzoyl peroxide gel, 0.05% tretinoin 
cream, 2% erythromycin cream and oral tetracyc
line 0.5 to 1.0 g/day in patients withcomedonal, 



Table I. SummaFy of controlled parallel group clinical studies comparing azelaic acid (AlA) with placebo and established anti-acne agents in patients with acne vulgaris , 
Reference Type/severity Study No. of Dosage regimen Treatment Median % reduction in no. of 'Good-to- Overall [ 

of acne design patients· duration primary lesionsb excellent' efficacyd,e n 

(months) clinical ~ inflamed non- nodulo- responseb,c 
inflamed cystic (% of patients) > 

~ 
Placebo 0 

< 
Cunliffe & Mild-to- r, db 20 20% AlA cream bid 3 49-- 50- 50-55 AlA ~ pI ~. 

Holland (1989) moderate 20 Vehicle 12 27 5-20 ~ 

Katsambas Papulopustular; r, db, mc 43 20% AlA cream bid 3 72- 56- 64 AlA> P 
et al. (1989) Plewig-Kligman 49 Vehicle 47 0 36 

grades Ii/III 
Benzoyl peroxide (BP) 
Cavicchini & Papulopustular r, sb, mc 309 20% AlA cream bid 6 84 66 AlA'" BP 
Caputo (1989) 5% BP gel bid 83 70 
Erythromycin (ER) 
Graupe & Papulopustular r, db 154 20% AlA cream bid 5 79 68 71 AlA'" ER 
laumseil (1991) 152 2% ER cream bid 76 69 67 
lsotretlnoln (ITA) 
Gollnick & Conglobate nb, mc 84 20% AlA cream bid 6 69- 33- ITR> AlA 
Graupe (1989) ITR 0.5-1 .0 mg/kg/dayPO 100 91 
Tetracycline (Te) 
Bladon et al. Mild db 23 20% AlA cream bid 6 429 AlA ... TC 
(1986) 22 TC 0.5-1.0 g/day PO 54g 

Hjorth & Graupe Papulopustular; r, db, mc 164 20% AlA cream bid 5 83 82 AlA ... TC 
(1989) Plewig-Kligman 169 TC 0.5-1.0 g/day PO 86 86 

grades Ii/III 
Hjorth 8i. Graupe Conglobate/ r, db, mc 126 20% AlA cream bid 6 79 80 62 AlA ... TCh 
(1989) papulopustu- 135 TC 0.5-1.0 g/day PO 79 83 61 

losa nodosa/ 
nodulocystic 

Tretlnoln (TA) 
Katsambas Comedonal r, sb, mc 143 20% AlA cream bid 6 79 65 AlA ... TR 
et al. (1989) 146 0.05% TR cream bid 82 69 

a Number of patients entering the study or each treatment group. 
b Response rates are based on results obtained on completion of the treatment period, 
c A good-to-excellent clinical response is. defined as ~ 50% reduction in primary or total lesion count, unless otherwise stated, on completion of treatment. 
d Overall efficacy is assessed ,on the basIs of the proportion of patients aChieving a good-to-excellent clinical response (as defined above). 
e In terms of anti-acne effica~: .... denotes that the 2 drugs produced equivalent results; > denotes a statistically significa'nt advantage in favour of the first drug; 

~ denptes that the first drug tanded to be superior to the comparator agent. 
f No statistical analysis provided. 
g Total lesion count. 
h Efficacy assessed on the basis of the Improvement In subjective rating of acne severity. 
Abbreviations; r .. randomlsed; nb = nonbllnd; sb .. single-blind; db .. double-blind; mc .. mUlticentre; bid = twice dally; PO .. orally; significantly different 'rom corresponding 
response with compai:ator agent: - .. p < 0.05; -- = p < 0.001. -.I 

-0 -
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Fig. 2. The effects of 20% azelaic acid cream and its vehicle 
on noninflamed (NI) and inflamed (I) lesion counts during 
a 3-month treatment period in patients with mild-to-mod
erate acne (n = 40). Lesion counts are expressed as a per
centage of their baseline values; • p < 0.05 and •• p < 0.005 
statistically significant difference from vehicle with respect 
to the change in lesion counts (after Cunliffe & Holland 1989). 

mild-to-moderate inflammatory (papulopustular) 
or moderate-to-severe inflammatory (in particular, 
papulopustulosa nodosa and nodulocystic) acne 
(table I). A good-to-excellent clinical response (~ 
50% decrease in noninflamed and/or inflamed le
sion counts) was obtained in approximately 65 to 
85% of patients with comedonal or mild-to-mod
erate inflammatory acne treated with azelaic acid 
or these established agents (Cavicchini & Caputo 
1989; Graupe & Zaumseil 1991; Hjorth & Graupe 
1989; Katsambas et al. 1989) [fig. 3]. Subjective 
evaluation of drug efficacy in those with more sev
ere inflammatory acne indicated that 62% of aze
laic acid recipients and 61 % of oral tetracycline re
cipients had achieved a good-to-excellent clinical 
response after 6 months of treatment (Hjorth & 
Graupe 1989). The number of comedones and 
superficial papules and pustules was reduced by 
approximately 80 to 85%, regardless of which agent 
was used (Cavicchini & Caputo 1989; Gollnick 
1990; Hjorth & Graupe 1989; Katsambas et al. 
1989), while deep lesions (nodules and cysts) 
showed similar quantitative reductions (80 to 85%) 
in response to azelaic acid and oral tetracycline 
(Hjorth & Graupe 1989). 

The time course of the reduction in nonin
flamed and inflamed lesion counts was generally 
similar for azelaic acid, tretinoin, erythromycin, and 
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oral tetracycline, with the major decrease occurring 
during the first 4 months of treatment (Graupe & 
Zaumseil 1991; Hjorth & Graupe 1989; Katsambas 
et al. 1989). However, benzoyl peroxide conferred 
the advantage over azelaic acid of a slightly more 
rapid initial reduction in papulopustular lesions 
during the first month of treatment (Cavicchini & 
Caputo 1989). A small-scale study demonstrated 
that median facial acne grade was reduced to a 
similar extent by azelaic acid and tetracyline, 
whereas median total (face, chest and back) acne 
grade showed a significantly better improvement 
in response to tetracycline over months 4 to 6 of 
treatment (Bladon et al. 1986). 

A non blind comparative study demonstrated 
that topical 20% azelaic acid cream was signifi
cantly less effective than oral isotretinoin 0.5 to 1.0 
mg/kg/day in the treatment of conglobate acne 
(Gollnick & Graupe 1989). Azelaic acid produced 
a significantly smaller reduction in lesion counts 
over the 6-month treatment period than isotret-
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Fig. 3. Overall good-to-excellent clinical response rate during 
5-months' double-blind treatment with 20% azelaic acid cream 
(+ oral placebo capsules) or oral tetracycline 0.5 to 1.0 g/day 
(+ topical cream base) in patients with mild-to-moderate in
flammatory acne (n = 333). A 'good-to-excellent' clinical re
sponse is defined as a 50% or greater reduction in total lesion 
counts (after Hjonh & Graupe 1989). 
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inoin (69 vs 100%, respectively), while a signifi
cantly lower proportion of those receiving azelaic 
acid achieved a good-to-excellent clinical response 
than those receiving isotretinoin (33 vs 91%, re
spectively). 

4. Therapeutic Efficacy in 
Hyperpigmentary Disorders 
4.1 Melasma 

Melasma is a benign hyperpigmentary disorder 
affecting sun-exposed areas of the face and neck, 
which is most commonly encountered in darker
skinned women. Factors implicated in the aetio
logy of this disorder include: exposure to UV light, 
pregnancy, the use of oral contraceptives, and ra
cial predisposition (Sanchez et al. 1981). 

Although clinical experience in the use of aze
laic acid for treatment of melasma is limited to 
date, the available evidence indicates that topical 
20% azelaic acid cream, applied twice daily in con
junction with a broad spectrum sunscreen, is ef
fective in reducing melasma intensity and lesion 
size. In a noncomparative study, Rigoni et al. (1989) 
recorded significant improvements (versus base
line) in these parameters over a 6-month treatment 
period ill a predominantly female population (n = 
39) with long-standing melasma (median duration 
5 years). A randomised double-blind comparative 
study performed in Filipino women (n = 132) with 
melasma (median duration 4 years) found 20% 
azelaic acid cream to be a more effective depig
menting agent than 2% hydroquinone, resulting in 
a significantly greater lightening of pigmented ma
cu1es and concomitant reduction in lesion size 
(Verallo-Rowell et al. 1989). Thus, 73% of patients 
completing 6 months' treatment with azelaic acid 
achieved a good-to-excellent clinical response in 
comparison to only 19% of hydroquinone recipi
ents (p < 0.001). In assessing the relative efficacies 
of 20% azelaic acid and 4% hydroquinone creams 
in a multicentre double-blind comparative study 
involving 329 female patients with melasma, Bal
ina et al. (1991) noted no significant difference be
tween the 2 drugs in terms oftheir ability to reduce 
pigmentation and lesion size over a 6-month treat-
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ment period, and the physicians' overall subjective 
evaluations of clinical response indicated that hy
droquinone and azelaic acid were similary effective 
(good-to-excellent response in 72 vs 65% of patients, 
respectively). 

4.2 Lentigo Maligna 

Lentigo maligna, a hyperpigmentary disorder 
characterised by proliferation of functionally ab
normal melanocytes and slow progression to 
malignant melanoma (fentigo maligna melanoma), 
typically occurs on chronically sun-exposed skin in 
elderly individuals (Clark et al. 1977). 

Preliminary findings from several noncon
trolled studies have indicated that twice daily top
ical treatment of histologically confirmed facial 
lentigo maligna with 15 or 20% azelaic acid cream, 
applied twice daily for 3 to 12 months, results in 
clinical and histological resolution of the lesions in 
most cases (Breathnach et al. 1989a; Leibl et al. 
1985; Nazzaro-Porro et al. 1979, 1986, 1989). 
Clinical improvement is marked by a progressive 
reduction in the intensity of pigmentation, flatten
ing of raised,indurated surfaces, and apparent le
sion shrinkage, with no . evidence of residual hy
pochromia or tissue scarring. Once attained, clinical 
resolution appears to be sustained. Thus, of 51 
patients with lentigo maligna who responded sat
isfactorily to treatment with azelaic acid (Nazzaro
Porro et al. 1986) 27 were reported to be disease
free 5 to 10 years after stopping treatment, while 
a further 11 patients who experienced disease re
lapse subsequently responded to renewed therapy 
with azelaic acid (Breathnach et al. 1989a). Among 
patients successfully treated with azelaic acid were 
several with occult malignant melanoma (breach
ing of the epidermal-dermal junction by abnormal 
melanocytes) at initial biopsy (Breathnach et al. 
1989a). Complete lesion resolution in response to 
20% azelaic acid cream has also been desCribed in 
patients presenting with clinically evident lentigo 
maligna melanoma (Breathnach et al. 1989a). 

In contrast to these favourable findings, other 
groups have reported less encouraging results with 
azelaic acid in lentigo maligna. Mclean and Peter 
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(1986) obtained partial or complete clinical im
provement in only 4 of 9 patients with lentigo ma
ligna who were subjected to a variety of azelaic acid 
formulations (creams and ointment) of different 
concentrations (I5 to 35%), applied individually or 
in combination, for treatment periods ranging from 
4 to 64 weeks. The authors attributed the relatively 
low response rate to several possible factors, in
cluding poor percutaneous absorption of the drug 
and premature discontinuation of therapy. How
ever, a similar disappointing response, with only 2 
cases of partial improvement among 15 patients 
with histologically confirmed lentigo maligna re
ceiving 20% azelaic acid cream (the formulation 
employed successfully by Nazzaro-Porro and co
workers) on a 4 times daily regimen for periods of 
3 to 12 months (Doherty et al. 1987), suggests that 
some melanocytes in lentigo maligna may be un
responsive to azelaic acid. [It is noteworthy that 
variation in the responsiveness of different mela
noma-derived cell lines to azelaic acid in vitro has 
been reported (Geier et al. 1986).] In the absence 
of a consistent response of lentigo maligna to aze
laic acid, it seems expedient at this stage to restrict 
its use to those lesions unamenable to surgery. 

4.3 Malignant Melanoma 

In a preliminary noncontrolled study conducted 
in 23 patients with cutaneous malignant melanoma 
(superficial spreading and nodular melanoma with 
or without local or disseminated metastases), com
bined oral (10 to 15 g/day) and topical (15% cream 
twice daily) administration of azelaic acid for pe
riods of 2 to 12 weeks prior to surgical excision 
was reported to have a beneficial effect on malig
nant lesions (Nazzaro-Porro et at. 1980). Clinical 
improvement comprised a progressive reduction in 
the intensity of lesion pigmentation, arrest and 
subsequent regression of the advancing edge of the 
l~sion, and flattening of nodular areas. In 7 of these 
patients, each with a single local lesion and no evi
dence oflocallymphatic involvement, complete le
sion resolution was obtained; after approximately 
10 years of follow-up, 6 of these patients remained 
in clinical remission (Breathnach et at. 1989a). 
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While these findings indicate a direct cytotoxic ef
fect of azelaic acid on melanocytes in cutaneous 
malignant melanoma, it should be stressed that they 
in no way obviate the need for surgical excision in 
the treatment of this condition. 

Pharmacokinetic considerations would appear 
to restrict the applicability of orally administered 
azelaic acid in the treatment of noncutaneous mel
anoma and disseminated metastatic melanoma. 
Oral administration of azelaic acid (12 g/day) for 
3 months proved ineffective in the management of 
4 patients with ocular and adnexal melanoma, in
fluencing neither tumour size nor intensity of pig
mentation (Willshaw & Rubinstein 1983). In these 
cases, it is likely that the problem of achieving suf
ficient intralesional concentrations of azelaic acid 
following oral administration (see section 2.1) un
derlies the apparent refractoriness of ocular and 
adnexal melanoma (Breathnach et al. 19890). 

4.4 Other Hyperpigmentary Disorders 

Topical application of azelaic acid for 3 to 4 
months has been reported to produce a satisfactory 
clinical response in the treatment of rosacea (Naz
zaro-Porro 1987), solar keratosis (Breathnach et at. 
1984), and hyperpigrnentation associated with 
bums and other physical trauma, herpes labialis 
and other inflammatory conditions, and exposure 
to photochemical agents (Breathnach et at. 1989a) 

5. Adverse Effects 

Azelaic acid (at single oral doses ~ 4000 mg/kg 
or multiple oral doses ~ 400 mg/kg/day for 6 
months) has shown no evident toxic, teratogenic 
or mutagenic effects in acute, subacute and chronic 
animal studies (Mingrone et at. 1983). Topical 
administration of 15 or 20% azelaic acid cream is 
well tolerated in humans, does not induce allergic 
sensitisation or photodynamic skin reactions and 
is devoid of overt adverse systemic effects. The 
most frequent adverse response is a mild transient 
erythema and cutaneous irritation characterised by 
scaling, pruritus and a mild burning sensation 
(Gollnick & Graupe 1989). These effects, which oc-
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cur at a clinically noteworthy level in 5 to 10% of 
patients - an incidence comparable to that seen 
with the cream base (Cunliffe & Holland 1989; 
Katsambas et al. 1989) - generally subside after 2 
to 4 weeks of treatment (Gollnick & Graupe 1989; 
Katsambas et al. 1989). The occurrence of these 
local adverse effects can be attributed, at least in 
part, to excessive and over-vigorous application of 
the topical fonnulation (Verallo-Rowell et al. 1989). 
Azelaic acid has been administered orally at doses 
of up to 20 g/day for up to 6 months without ill 
effect, while a 15% solution of the disodium salt 
has been administered by continuous intravenous, 
intra-arterial and intralymphatic infusion for up to 
I week without adverse systemic or local effects 
(Nazzaro-Porro et al. 1983). The literature pro
vides only 1 case of suspected systemic toxicity 
(pronounced hypokalaemia) with oral azelaic acid 
(12 g/day) in a patient undergoing treatment for 
adnexal melanoma (Willshaw & Rubinstein 1983). 

In comparison with standard topical anti-acne 
agents, azelaic acid is well tolerated. The incidence 
of local erythema and scaling with 20% azelaic acid 
cream was approximately half that seen with 0.05% 
tretinoin cream (16 to 18% vs 27 to 29%, respec
tively) [Katsambas et al. 1989]. Overall local ad
verse effects occurred less frequently with 20% aze
laic acid cream than with 5% benzoyl peroxide gel 
(9 vs 15%, respectively) with scaling, in particular, 
being notably less prominent with azelaic acid (6 
vs 27%, respectively) [Cavicchini & Caputo 1989]. 

Local cutaneous irritation (pruritus, stinging, 
burning) occurred with similar frequencies in 
patients with melasma treated with 20% azelaic acid 
and 2% hydroquinone creams in conjunction with 
a broad-spectrum sunscreen (14 vs 12%, respec
tively) [Verallo-Rowell et al. 1989]. However, these 
findings are at variance with those of a related study 
in 51 patients with melasma, which noted a tend
ency for local cutaneous irritation to be more prev
alent with 20% azelaic acid than with 4% hydro
quinone cream (Baliiia et al. 1991; Piquero-Martin 
6t al. 1988). 

6. Dosage and Administration 

Azelaic acid is currently only available as a top
ical fonnulation, and this necessarily restricts its 
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use to the treatment oflocalised cutaneous lesions. 
A 20% azelaic acid cream, administered initially 
once daily and, after the first week, on a twice daily 
basis, is usually employed,-and treatment is main
tained over a period of at least 2 to 3 months. The 
cream should be thoroughly (but not over-vigor
ously) rubbed into cleansed skin for 2 to 3 minutes 
to ensure adequate penetration. It is important to 
note that percutaneous absOrption may vary ac
cording to the particular topical fonnulation. 

7. Place of Azeillic Acid in Therapy 

The therapeutic value of topical-azelaic acid in 
the treatment of acne vulgaris has been established 
in controlled clinical trials involving more than 
2000 patients. Within the range of established anti
acne agents, topical 20% azelaic acid is as effective 
as topical 0.05% tretinoin, 5% benzoyl peroxide, 
2% erythromycin and oral tetracycline (0.5 to 1.0 
g/day) in reducing comedonal, papulopustular and 
nodulocystic acne, but less effective than oral iso
tretinoin 0.5 to 1.0 mg/kg/day in reducing conglo
bate acne. However, its low incidence of cutaneous 
adverse effects and lack of overt 'systemic toxicity 
confer a significant advantage over these agents in 
the management of this chronic condition. In par
ticular, azelaic acid is free of the major drawbacks 
encountered with the use of topical benzoyl per
oxide (allergic sensitisation), and 'oral . tetracycline 
(antibiotic resistance), isotretinoin(mucocutan
eous effects; teratogenicity) and anti-androgenic 
agents such as cyproterone acetate (potential endo
crine imbalance). Azelaic acid can be applied safely 
for long periods (up to 1 year or longer in appro
priate cases) for control of individual lesions, and 
treatment may be repeated for recurrences (Breath
nach 1989). The main indication for the use of aze
laic acid would appear to be comedonai acne and 
mild to moderately severe inflammatory acne. In 
managing ,more ,severe fonns , of' acne (grade IV 
papulopustular, nodulocystic and .conglobate acne) 
the drug may prove beneficial combined with es
tablished oral anti-acne agents (antibiotics and iso
tretinoin). 

In reducing pigmentation and lesion size in me-
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lasma, topical 20% azelaic acid has been demon
strated to be superior to 2% hydroquinone cream 
and of comparable efficacy to 4% hydroquinone 
cream. Since conventional treatment of melasma, 
based on the use of topical hydroquinone as mono
therapy or in combination with tretinoin and cor
ticosteroids, is frequently unsatisfactory, azelaic acid 
would appear to represent an effective alternative 
therapy for this condition. The absence of allergic 
sensitisation, exogenous ochronosis or residual hy
popigmentation at the lesion site confers an ad
vantage over conventional depigmenting agents. 

Azelaic acid shows promise in the treatment of 
premalignant melanocytic skin lesions. Prelimi
nary clinical findings suggest that topical 20% aze
laic acid cream is capable of reducing lesion size 
and the intensity of pigmentation in lentigo ma
ligna. However, the risk of progression of lentigo 
maligna to invasive melanoma is not insignificant, 
being conservatively estimated at 5% in the White 
population (Weinstock & Sober 1987), and further 
long term studies are clearly required both to con
firm the efficacy of azelaic acid in lentigo maligna 
and to assess its effects on disease prognosis. In 
view of the inconsistent response of lentigo ma
ligna to azelaic acid noted to date, surgical excision 
must remain the treatment of choice for this con
dition. Topical azelaic acid may, nevertheless, be 
considered for the treatment of those cases of len
tigo maligna in which the site or extent of the le
sion makes surgical excision impractical. 

Despite evidence of a beneficial effect of azelaic 
acid on lesion progression in cutaneous malignant 
melanoma, it is difficult at this stage to envisage a 
role for the drug in the treatment of this condition. 
Immediate and complete surgical excision remains 
the only acceptable form of treatment of primary 
malignant melanoma for several reasons: firstly, it 
reliably arrests primary lesion progression and pre
vents further metastasis from the primary tumour; 
s.econdly, it permits histopathological examination 
of the entire tumour, a prerequisite for accurate 
assessment of prognosis and appropriate patient 
management. The use of azelaic acid, on the con
trary, is likely to complicate any histopathologi
cally based assessment of prognosis. Further stud-
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ies are nevertheless warranted to assess the 
feasibility of systemic administration of azelaic acid 
for the treatment of metastatic melanoma. 

In summary, topical azelaic acid is a potent and 
well tolerated anti-acne and depigmentary agent 
which, either alone or in combination with other 
treatments, should establish a prominent role in 
the treatment of acne vulgaris and hyperpigmen
tary disorders - in particular, melasma. 
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