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ABSTRACT:

 

Although chloroquine, hydroxychloroquine and quinacrine were originally developed
for the treatment of malaria, these medications have been used to treat skin disease for over 50 years.
Recent clinical data have confirmed the usefulness of these medications for the treatment of lupus
erythematosus. Current research has further enhanced our understanding of the pharmacologic
mechanisms of action of these drugs involving inhibition of endosomal toll-like receptor (TLR)
signaling limiting B cell and dendritic cell activation. With this understanding, the use of these
medications in dermatology is broadening. This article highlights the different antimalarials used
within dermatology through their pharmacologic properties and mechanism of action, as well as
indicating their clinical uses. In addition, contraindications, adverse effects, and possible drug inter-
actions of antimalarials are reviewed.
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Introduction

 

Though primarily synthesized to treat malaria,
antimalarials have now been extensively accepted
and approved to treat cutaneous lupus. More
interestingly, recent evidence has also shown
these medications to lower lipid levels in systemic
lupus erythematosus (LE) and to play a cardiopro-
tective role in addition to lowering rates of throm-
bosis (1). Payne is credited with being the first in
1894 to prescribe an antimalarial, quinine, to treat
patients with lupus (2). Quinine is a natural alka-
loid isolated from the South American cinchona
bark tree (3).

Subsequently synthetic antimalarials were pro-
duced. Quinacrine (atabrine, mepacrine, chinacrin),
an acridine compound, was the first antimalarial
to be synthesized (4). Quinacrine replaced quinine
as an antimalarial compound in World War II
when over 3 million American servicemen each
took quinacrine for 4 years. As well, Page effectively
treated 18 cutaneous lupus patients who were

resistant to treatment with quinine (5). In the 1950s
the 4-aminoquinoline derivatives of quinine, such
as chloroquine and hydroxychloroquine, became
well-accepted drugs for the management of skin
lupus as they were found to be more effective
with more tolerable side effects in lupus patients
(6). Since then, antimalarials have been shown to
be effective in treating a variety of skin conditions.

 

Pharmacology of the antimalarials 
used in dermatology

 

Chloroquine

 

Chloroquine is a 4-amino quinoline (See FIG. 1).
The isoquinoline nucleus has a double benzene-
like structure with a chloride atom at position 7
and an alkyl side chain at the 4-amino site. It is a
chiral molecule with D and L forms (7). The clinical
relevance of the chiral isoforms remains a subject
of debate (8). The drug is manufactured as a
diphosphate (aralen phosphate, resochin) for
oral administration or as a hydrochloride for
intramuscular injection (in the therapy of malaria-
induced coma). Approximately 60% of the diphos-
phate represents the base. It is water soluble and
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readily absorbed from the gastrointestinal tract.
The pharmacokinetics of the drug was reviewed
by Krishna and White (9) and by Ducharme (10).
After oral administration, peak plasma concentra-
tions are reached within 8–12 hours. Approxi-
mately 60% of the drug in the plasma is bound to
protein. Doses of 250 mg daily lead to stable plasma
concentrations of 100–500 ng/mL (11). The drug is
deposited in tissues with 200–20,000 times the
plasma concentration found in the liver, spleen,
kidney, and lung (12). Significant accumulation
of the drug also occurs in leukocytes. Highest
concentrations of the drug are found in melanin-
containing cells in the retina and skin. As a result
of this widespread tissue deposition, there is a
large volume or distribution (over 100 L/kg) (9).
Chloroquine undergoes hepatic biotransformation
into two active metabolites, desethylchloroquine
and bisdesethylchloroquine via the cytochrome
P450 enzymes (13,14). Renal clearance accounts
for half of the total systemic clearance and is
increased by acidification of the urine. The phar-
macokinetics is complex with plasma levels deter-
mined by the rate of distribution rather than by
the rate of elimination. When the drug is discon-
tinued after daily dosage for 2 weeks, plasma half-
life is initially 6–7 days with a gradual increase to
17 days after 4 weeks and a terminal half-life of
30–60 days (7). Chloroquine remains in the skin
for 6–7 months after cessation of therapy at a
time when the drug is no longer detectable in the
plasma (11).

 

Hydroxychloroquine

 

Hydroxychloroquine differs from chloroquine by
the presence of a hydroxyl group at the end of
the side chain: The N-ethyl substituent is
beta-hydroxylated (FIG. 1). It is available for
oral administration as hydroxychloroquine sulfate
(plaquenil) of which 200 mg contains 155 mg base
in chiral form. Hydroxychloroquine has similar
pharmacokinetics to chloroquine with rapid
gastrointestinal absorption, a large volume of
distribution, and renal elimination. Hydroxychlo-
roquine is N-desethylated by cytochrome P450
enzymes CYP 2D6, 2C8, 3A4 and 3A5 into N-
desethylhydroxychloroquine (15). Whether genotype
differences in these enzymes affect the efficacy or
toxicity of hydroxychloroquine is still unknown.
Maximal clinical efficacy may take up to 3–6 months
to achieve. Dose loading, with administration of
higher doses (up to 1200 mg/day) for the first 6
weeks, has been shown to accelerate clinical
response in rheumatoid arthritis (16), albeit with
an increase in incidence of gastrointestinal intol-
erance. Interestingly, the efficacy of this drug has
been correlated with drug blood concentrations
in rheumatoid arthritis (17) and in systemic LE. In
a recent study, whole blood drug concentrations
were measured in 143 unselected systemic lupus
patients receiving 400 mg of hydroxychloroquine
for at least 6 months (18). A large variability in
whole blood drug concentrations was noted
possibly due to poor compliance and as of yet
unknown interindividual pharmacokinetic para-
meters. The mean whole blood concentrations in
patients with inactive disease (1079 ng/mL) was
significantly higher than in patients with active
disease (694 ng/mL) and a low level of blood
hydroxychloroquine was a predictor of exacerba-
tion during follow-up, leading the authors to
propose individual dosing schedules to maintain
whole drug concentrations above 1000 ng/mL.
Similar studies are not available for chloroquine.
It has been stated, based on therapeutic response
in rheumatoid arthritis, that hydroxychloroquine
in approximately two-thirds as effective as chloro-
quine and half as toxic (19). Both chloroquine and
hydroxychloroquine readily cross the placenta.
Hydroxychloroquine blood levels in the fetus are
similar to those in the mother and are excreted in
small amounts in breast milk (20).

 

Quinacrine

 

Quinacrine has an extra benzine ring (and thus
an acridine nucleus) when compared to the

FIG. 1. Structural formulas of the antimalarial drugs used
in dermatology. Chloroquine and hydroxychloroquine are 4
amino-quinolines. Quinacrine is an acridine dye.
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4-aminoquinoline chloroquine (FIG. 1). The alkyl
side chain is identical. The pharmacokinetics of
this drug is similar to the 4-aminoquinolones (19).
Skin deposition is readily visible as a yellow cast.
Importantly, there is no cross-reactivity between
the 4-aminoquinolines and quinacrine. Thus,
an adverse reaction to one drug group does not
preclude the use of the other (21).

Quinacrine was commonly used as an irritant
for voluntary female nonsurgical sterilization in
India due to its ability to produce tubal occlusion
after intrauterine instillation (22). It has also been
used as a vesicant for pleurodesis in the treatment
of recurrent pneumothorax or malignant pleural
effusion (23).

 

Mechanisms of action of antimalarials 
in skin disease

 

Potential mechanisms of action of interest to the
dermatologist have been reviewed in depth within
the past 10 years (24,25). A summary and new
concepts are presented here (FIG. 2). Antimalarials
are lipophilic weak bases that pass easily through
plasma membranes in the free base form to
accumulate in acidic cytoplasmic vesicles such as
lysosomes where they are trapped in a proto-
nated, ionized state (26). Christian de Duve, the
discoverer of lysosomes, termed drugs with such
properties 

 

lysosomotropic agents

 

 (27). As such,
partitioning results in concentrations of drug
within the lysosome that are up to 1000 times
greater than in the culture media. This results in a
number of immunologic and nonimmunologic
effects. The pH of the lysosome increases from
4 to 6 (28). The alteration in pH results in the
inhibition of acidic proteases within the lysosomal
compartment and generally diminishes proteolysis

(29). This also results in the decreased intracellular
processing, glycosylation, and secretion of pro-
teins (30). Furthermore, the morphology of lyso-
somes is altered, reflecting altered maturation.
In patients treated with chloroquine, an increased
number of lamellar inclusions is noted within
lymphocytes for example. This has been associated
with decreased cell functioning such as chemo-
taxis, phagocytosis and superoxide production by
neutrophils (31).

 

Effect on antigen presentation

 

Antigen-presenting cells such as monocytes, mac-
rophages, and dendritic cells present exogenous
antigens (that is, of extra-cellular origin) to CD4
T cells on class II MHC molecules (32). The foreign
antigens are digested within the lysosomal cellular
compartment and loaded onto a peptide groove
of the class II MHC molecule. Chloroquine inter-
feres with the digestion of these antigens and the
subsequent presentation of these antigens to T
cells (33). Chloroquine also prevents the dissocia-
tion of the invariant chain from the class II MHC
molecule. This dissociation must occur for peptide
loading to proceed. Thus, chloroquine interferes
with class II MHC antigenic peptide loading (34).
As self-peptides are thought to be of relatively low
affinity to the class II MHC molecules (35), it has
been proposed that this process might preferen-
tially diminish responses to self (36). Whereas
lysosomotropic agents such as chloroquine have
been known to interfere with class II MHC-
restricted antigen presentation, they have recently
been shown to increase the CD8 T-cell responses
against soluble antigens (37): A single 500-mg dose
of chloroquine, 1 day prior to hepatitis B vaccine
booster dose immunization, increased the CD8
T-cell response to the vaccine. It was shown that

FIG. 2. The major proposed mechanism of action of antimalarial drugs: Interference with lysosomal acidification.
Consequences of this lysosomotropic effect within macrophages, dendritic cells and lymphocytes are felt to underlay the
therapeutic antiinflammatory effect of these drugs.
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interference with soluble antigen degradation in
the lysosomes increased export into the cytosol,
where the soluble antigen could access the path-
way leading to loading of class I MHC molecules
for presentation to CD8 T cells. This dichotomous
effect (inhibition of CD4 T-cell stimulation and
promotion of CD8 T-cell stimulation), which still
needs to be demonstrated with chronic antima-
larial use, may explain in part the paucity of
opportunistic infections during antimalarial therapy.

 

Cytokine effects

 

In vitro studies have shown that both chloroquine
and hydroxychloroquine decrease the production
of TNF-

 

α

 

, IL-6, and IFN-

 

γ

 

 by mitogen-stimulated
peripheral blood lymphocytes (38). A dose-dependent
inhibition of TNF-

 

α

 

, IL-1

 

β

 

, and IL-6 by endotoxin-
stimulated whole blood was also noted (39). Although
inhibition of T-lymphocyte mediated cytokines
such as IL-2, IL-4, and IFN-

 

γ

 

 is described (40), the
major cellular target appears to be macrophages
and monocytes whose IL-1 and IL-6 production is
readily inhibited (41). Monotherapy of SLE patients
with chloroquine results in a decrease in serum
levels of IL-6, IL-18, and TNF-

 

α

 

 (42). It has been
suggested that antimalarial-induced inhibition of
TNF-

 

α

 

 production, which mainly affects mono-
cytes, may be independent of the lysosomotropic
action of the drugs and related to nuclear effects
(43). Chloroquine was shown to interfere with
phosphorylation of extracellular signal-regulated
kinases (ERK)1/2 and the ERK-activating kinases
mitogen-activating protein/ERK kinase (MEK)1/2
and thus inhibit TNF-

 

α

 

 production (44). However,
many of these assays were conducted using con-
centrations at or above 10 

 

µ

 

M

 

, which are higher
than attained in vivo and that may also result in
mammalian cell growth inhibition.

 

Endosomal TLR inhibition

 

A more potent effect of the antimalarials has
recently been noted on the inhibition of stimula-
tion of the toll-like receptor (TLR) 9 family receptors.
TLRs are cellular receptors for microbial products
that induce inflammatory responses through
activation of the innate immune system (45).
Nanomolar rather than micromolar concentrations
of chloroquine were shown to potently prevent
bacterial DNA-induced IL-6 production by human
peripheral blood mononuclear cells (46), an effect
now known to be the result of inhibition of TLR-9
signaling. TLR-9, -8, -7, and -3 are all found within
the endosomal compartment of antigen-presenting

cells and are susceptible to inhibition by lyso-
somotropic agents. In a recent mouse model,
rheumatoid factor production by B cells could be
induced by chromatin-containing immune com-
plexes, and this effect required signaling through
TLR-9, which could be inhibited by chloroquine (47).
In SLE, DNA and DNA-associated auto-antigens
were shown to activate auto-reactive B cells via
sequential engagement of the B-cell antigen receptor
(BCR) and TLR-9. Likewise, TLR-7 signaling pro-
motes the activation of autoreactive B cells by RNA
and RNA-associated autoantigens in SLE (48).
Furthermore, necrotic synovial cells from RA patients
induce pro-inflammatory cytokine and chemokine
production by synovial fibroblasts through a TLR-
3–mediated mechanism (49). DNA-associated auto-
antigens also stimulate dendritic cells to produce
inflammatory cytokines through TLR-9–mediated
signaling (50). All of these events are inhibited by
low (and therapeutically relevant) concentrations
of antimalarials. Taken together, these observations
suggest that chloroquine and hydroxychloroquine
have a potent effect on TLR signaling, which may
explain their efficacy in the treatment of SLE, RA,
and possibly other inflammatory diseases (51,52).
As this effect is primarily on antigen-presenting
cells which initiate immune reactions, this may
account for their delayed onset of action in the
clinic (in that previously activated T cells and
perhaps B cells are less readily inhibited).

 

Inhibition of prostaglandin synthesis, lipid 
peroxidation, and other anti-inflammatory 
effects

 

Antimalarials act as prostaglandin antagonists (53).
This is secondary to inhibition of phospholipase
A2 (54). Antimalarials affect membrane traffic and
impair receptor recycling (55). This may alter the
inflammatory cells’ responsiveness to mitogenic
stimuli (56). Lysosomal effects may also underlie
the observed decrease in cell mediated cytotoxic-
ity and natural-killer–cell mediated lysis noted in
patients on antimalarials (57). Quinacrine, but not
chloroquine has been shown to affect matrix met-
alloprotein production by leukocytes (58). Increased
nitric oxide synthase activity is noted in endothelial
cells following exposure to chloroquine in vitro
(59). In whole animal models, this results in an
increase in vasopressin release and in an increase
in the glomerular filtration rate (60).

Antimalarials absorb UV light and can block
cutaneous reactions induced by UV light when
given topically or intradermally (61). Topical chlo-
roquine can protect against UVB- and UVA-induced
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erythema (62), but not against immediate pigment
darkening, suggesting that UV absorption may not
be the only, or even major, operant mechanism
after topical application. Quinacrine was noted to
increase the tolerance of lupus patients to light
over 50 years ago (63). The increase in mean UVB
erythema doses (MEDs) recently confirmed in
lupus patients following 3 months of chloroquine
therapy may be to the result of either the anti-
inflammatory or the photoprotective actions of
the drug (42). Antimalarials have also been shown
to enhance the protective early limb of the UV
response through up-regulation of c-jun (64).

 

Ancillary effects

 

Inhibition of ERK activation by chloroquine has
been shown to sensitize HeLa cells to Fas-mediated
apoptosis (44). Likewise, hydroxychloroquine poten-
tiates Fas-mediated apoptosis of synoviocytes (65).
This may explain the increased sensitivity to
apoptosis demonstrated by lymphocytes in vitro
after exposure to hydroxychloroquine (66). These
pro-apoptototic qualities and a demonstrated
blockade of ABC drug transporters (67) have made
these drugs candidate antineoplastic agents (68).
Antimicrobial effects upon HIV, SARS coronavirus,
and influenza have been noted (69), related in part
to interference with protein glycosylation. Anti-
malarials also have anticoagulant, lipid-lowering,
and hypoglycemic effects. Chloroquine inhibits
platelet aggregation and adhesion in a clinically
relevant manner (70). Hydroxychloroquine use has
been associated with a 15–20% decrease in serum
cholesterol, triglyceride, and LDL levels (71). Anti-
malarials also decrease insulin degradation and
thus improve glucose tolerance (72).

 

Clinical use: indications

 

The clinical use of antimalarials have been reviewed
in the literature (24,73–75). An overview of these
is provided with recent updates that have been
reported regarding the use of antimalarials.

 

Lupus erythematosus

 

Lupus erythematosus-specific skin conditions encom-
pass acute cutaneous LE, subacute cutaneous LE,
and chronic cutaneous LE (76). A double-blind
study of hydroxychloroquine for discoid LE estab-
lished that it was more efficacious than placebo
at 3 months and after 1 year of treatment (77). At
crossover, hydroxychloroquine was more efficacious

than placebo at 3 months. Similar results have
been achieved in large, open clinical studies for
patients with chronic cutaneous LE and subacute
cutaneous LE (78,79). Therapy also improves fatigue,
arthralgia, myalgias, serositis, and mucous mem-
brane ulceration SLE patients (80). Antimalarials
have been shown to be effective in treating LE–
non-specific skin diseases such as oral mucosal
ulcerations, calcinosis cutis, calcifying lupus
panniculitis, and photosensitivity (81). In addition,
the number of flare-ups has been shown to be
reduced in SLE patients taking hydroxychloroquine
compared to placebo (82), and hydroxychloroquine
has a protective effect on the survival of patients
with SLE (83). Verrucous or hypertrophic plaques
respond less effectively to antimalarial therapy.

Typically, patients with LE-specific cutaneous
manifestations are started on hydroxychloroquine
at 400 mg/day for the average sized adult, and
the maximum dosage given is 6.5 mg/kg lean
bodyweight/day. Common formulas for the
calculation of lean body weight include the method
of James: lean body weight (men) 

 

=

 

 (1.10

 

×

 

 weight(kg)) – 128 (weight

 

2

 

/(100 

 

×

 

 height(m))

 

2

 

); lean
body weight (women) 

 

=

 

 (1.07 

 

×

 

 weight(kg)) – 148
(weight

 

2

 

/(100 

 

×

 

 height(m))

 

2

 

) (84). After a 2-month
trial of hydroxychloroquine if no improvements
are seen then quinacrine is added at an initial
dosage of 100 mg/day. Two studies indicate that
such combination antimalarial use may be of
benefit in skin disease (85,86). Interestingly, the
addition of quinacrine therapy to patients with
stable systemic lupus on hydroxychloroquine and
prednisone has been shown to decrease systemic
activity scores, together with a lowering of serum
levels of B lymphocyte activating factor (BLyS)
and anticardiolipin antibody titers (87). With this
antimalarial combination treatment, if clinical
effect is achieved, then the hydroxychloroquine
dosage may be lowered to 200 mg/day after 1
month, as well the quinacrine dosage may be
lowered to reduce any side effects. Alternatively,
chloroquine 250–500 mg daily (maximum dosage
4 mg/kg lean bodyweight/day) may be used in
cases not responding to hydroxychloroquine and
can also be combined with quinacrine. The com-
bination of hydroxychloroquine and chloroquine
are avoided due to the risk of retinal toxicity.
Clinical improvements with cutaneous LE are
not seen until several weeks later with the use
of antimalarials; therefore, 2 months is consid-
ered the standard time frame before changing
to another therapy (88). Intralesional and topical
corticosteroids are more effective in providing a
quick improvement.
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Porphyria cutanea tarda

 

In patients with porphyria cutanea tarda (PCT)
usual treatment involves phlebotomy. However,
the use of antimalarial therapy may be indicated
in patients that have contraindications or failures
with receiving phlebotomy (89–91). Use of anti-
malarials in children may be preferred over using
phlebotomy as the latter can be traumatizing to
the patient (92,93).

The discovery of the use of antimalarial therapy
in PCT was made when patients were given hydroxy-
chloroquine or chloroquine and resulted in acute
exacerbation of hepatic disease (94,95). However,
recovery from the acute exacerbation resulted in
long-term clinical remission. Use of antimalarials
may be initiated either in low dosage to prevent
the acute exacerbation or given intentionally with
a high dosage in hospitalized patients, as well
antimalarial therapy can be combined with patients
pretreated with one to four phlebotomies. Low-dose
therapy is started with either choroquine 125 mg
twice weekly or hydroxychloroquine 100 mg two
times weekly, which the dosage is increased depend-
ing on the clinical response (89). Patients are
recommended by some authors to be given a test
dose of 125–250 mg of chloroquine with examina-
tion of liver function tests initially (96). The use of
high-dose hydroxychloroquine consisting of 250 mg
three times daily for 3 days has been reported to
be used in 72 patients (97). An increase in serum
transaminases was noted and patients receiving
this regimen are advised to be hospitalized.

 

Polymorphous light eruption

 

Though not accepted as the first line of treatment
in polymorphous light eruption (PMLE) antima-
larial therapy has been shown to be effective in
these patients (98). Two controlled efficacy trials
that used hydroxychloroquine and chloroquine
demonstrated increased sun tolerance, and a
moderate clinical improvement was seen with a
statistically significant skin rash reduction (90,99).
If first-line treatment regimens are ineffective
such as sun avoidance and failure or contraindi-
cations to receiving prophylactic UVB or PUVA
phototherapy exist, then intermittent hydroxy-
chloroquine 200–400 mg daily prior to increased
sun exposure can be tried.

 

Dermatomyositis

 

Muscle involvement in dermatomyositis tends to
responds well to use of systemic corticosteroids

and other immunosuppressive agents. However,
cutaneous lesions still persist (100). The authors
of this article have found the use of hydroxychlo-
roquine 200–400 mg/daily to improve cutaneous
manifestations of the dermatomyositis.

In an open study containing seven patients
with cutaneous lesions of dermatomyositis that
failed to respond to other therapy, improvement
was seen in all of these patients with use of
hydroxychloroquine with three showing complete
resolution (101). Another retrospective study looked
at 12 patients with dermatomyositis having one
lab criterion of muscle involvement but no muscle
weakness (102). Five patients showed complete
improvement and four showed partial improve-
ment when receiving only hydroxychloroquine. In
addition, when two patients were taken off of
hydroxychloroquine, the cutaneous rash flared
up and cleared after receiving treatment again.
Hydroxychloroquine has also been shown to be
effective in childhood dermatomyositis as shown
in a study consisting of nine patients with incom-
plete response to corticosteroids or flaring up when
corticosteroids were lowered (103). With hydroxy-
chloroquine, these patients showed significant
improvement in cutaneous symptoms at 3 and 6
months and also had a reduction of proximal and
abdominal muscle weakness. Hydroxychloroquine
is recommended in the treatment of dermatomy-
ositis with patients having cutaneous lesions not
responding to steroids and in patients with cuta-
neous involvement without any muscle involvement
(termed amyopathic dermatomyositis). Recently,
the use of combination antimalarial treatment
(with this addition of quinacrine to the 4-amino
quinolone) has been shown to be of benefit in
patients that do not respond to a single 4-amino
quinolone antimalarial alone (104).

 

Solar urticaria

 

The promotion of antimalarials in solar urticaria
is based on only two anecdotal reports that
demonstrated the effectiveness of therapy
(24,105,106). Therefore, there have been no trials
to compare the efficacy of antimalarials. Antima-
larials therapy may be tried if antihistamines,
phototherapy, photochemotherapy, and plasma-
pheresis are ineffective.

 

Sarcoidosis

 

The British Tuberculosis Association in 1967 eval-
uated the efficacy of chloroquine therapy given
over 4 months in patients with sarcoidosis (107).
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The randomized double-blind clinical trial with
57 patients showed significant improvements in
patients after 4 and 6 months. After 12 months the
two groups showed no difference, demonstrating
that the therapy had a suppressive mechanism.
In another study, 17 patients with cutaneous
sarcoidosis were treated with hydroxychloroquine
200–400 mg daily (108). Four to 12 weeks of being
on treatment resulted in improvement in skin
lesions. In cutaneous sarcoidosis, antimalarials
are thus an effective alternative to corticosteroid
therapy.

 

Granuloma annulare

 

Granuloma annulare is known to be resistant to
many forms of treatment. Several case reports have
been published showing the effective treatment of
granuloma annulare with use of antimalarials (109).
An open trial was carried out in children with
generalized granuloma annulare that resulted in
complete clearance of lesions after 4–6 weeks of
therapy (110,111). Also, recently published are two
children with generalized granuloma annulare
clearing after receiving low-dose antimalarials (111).
Therefore, antimalarials may be considered an
effective treatment choice if topical therapies fail
in granuloma annulare.

 

Oral lichen planus

 

The clinical and histopathological resemblance
of oral lesions of lichen planus to LE led to deter-
mine if antimalarial therapy is effective in oral
lichen planus. Ten patients were enrolled in an
open trial and received hydroxychloroquine
200–400 mg daily for 6 months (112). Excellent
response was seen in nine patients, with effects
being as early as 1 to 2 months. When therapy was
discontinued in four patients, recurrence was
seen after 3 months, whereas in the six patients
with maintenance treatment no flare-ups were
observed. A 51-year-old woman with lichen
planus of the lower lip was treated successfully
with chloroquine (113). Although the first line of
therapy of oral lichen planus is intralesional and
topical corticosteroids, antimalarial therapy can
be considered in resistant cases.

 

Panniculitis

 

In a study where 33 lupus panniculitis patients
were treated with antimalarial therapy, 23 patients
had clinical improvement within months, demon-
strating the effectiveness of antimalarial therapy

in these patients (114). As well several case reports
have shown the complete resolution of lupus pan-
niculitis lesions with antimalarial treatment (115,116),
although one case that was ANCA-positive LE pro-
fundus showed no clearance of lesions with use of
chloroquine, but improved with dapsone. Two cases
of Weber-Christian panniculitis have been shown
to be treated successfully; one in a 62-year-old
woman with oral chloroquine 250 mg daily (117),
and the other was a 10-year-old boy being treated
with hydroxychloroquine 4 mg/kg/day that allowed
reduction in his systemic prednisone therapy (115).
The use of hydroxychloroquine has been reported
to be effective in chronic erythema nodosum (118).
Recently, the use of antimalarials has been reported
to treat lipoatrophic panniculitis (119). There is
convincing evidence demonstrating antimalarials
being effective in lupus panniculitis but in other
forms of panniculitis further studies need to be
performed to prove its effectiveness.

 

Miscellaneous

 

Chronic ulcerative stomatitis tends to be resistant
to the use of local or systemic corticosteroids.
However, antimalarials have shown to be effective
and are considered as a first-line agent in this
rare condition (24). Antimalarials have shown
to be effective in some cases of epidermolysis
bullosa (120), atopic dermatitis (121), eosinophilic
fasciitis (122), scleroderma (123), urticarial vas-
culitis (124) and reticular erythematous mucinosis
(125).

 

Contraindications

 

An absolute contraindication for the use of anti-
malarials is hypersensitivity and prescribing to
patients with a history of retinopathy is contrain-
dicated. Caution should be used in patients with
documented neuromuscular disorders such as
myasthenia gravis, as well as in patients with
psychotic disorders. Patients with glucose-6-
phosphate deficiency should be carefully monitored
although hemolysis does not occur at the recom-
mended dosages of antimalarials for cutaneous
diseases. As discussed in previous discussions,
patients with porphyria cutanea tarda antimalari-
als are known to cause acute hepatitis. As both
glucose-6-phosphate deficiency and porphyria
cutanea tarda are rare, routine testing for these
conditions are not recommended. Current evi-
dence for use during pregnancy and lactation is
discussed in succeeding discussions.
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Pregnancy

 

Evidence of transplacental passage of hydroxy-
chloroquine has been recently shown where levels
of hydroxychloroquine exposure to the fetus are
similar to maternal levels (20). However, a subse-
quent clinical study carried out by the same authors
concluded hydroxychloroquine being overall ben-
eficial in treatment of 123 pregnant lupus patients
that were compared to controls (126). A randomized
controlled trial with 20 pregnant lupus patients
compared hydroxychloroquine to placebo treat-
ment to assess effectiveness and safety (127). The
hydroxychloroquine group consisted of eight patients
with systemic lupus and two with discoid lupus,
whereas the placebo group had nine and one
patients with systemic lupus and discoid lupus,
respectively. The hydroxychloroquine group had
higher delivery age and apgar scores, and no
congenital abnormalities, auditory defects or retinal
toxicities were noted in the three years of follow
up. No flare-ups were seen when given hydroxy-
chloroquine, in contrast to the three patients that
flared in the placebo group. This study concluded
that hydroxychloroquine can be started during
pregnancy for treatment of lupus.

Another prospective study that evaluated lupus
pregnancies in which patients received hydroxy-
chloroquine from 1987 to 2002 observed similar
results (128). When patients were examined that
were receiving hydroxychloroquine and quina-
crine during the first trimester of pregnancy, it
was found that no congenital abnormalities with
no eye or hearing defects were noted from the 14
deliveries examined (129). However, the authors
of this study concluded that no long-term effects
of fetal exposure can be commented on. A British
study retrospectively reviewed 36 patients receiv-
ing hydroxychloroquine (mean duration during
pregnancy 

 

=

 

 28.4 weeks) to 53 controls (130). The
two different groups did not differ in obstetric
outcome, and no congenital abnormalities were
seen with hydroxychloroquine use, but the authors
also commented that no difference was seen in
disease activity as well between both groups.

If antimalarials are to be used during preg-
nancy, it is advised that hydroxychloroquine be
utilized over other antimalarials for several reasons:
(i) lower toxicity as it binds less avidly to tissues
and unlike chloroquine is not associated with caus-
ing retinal toxicity in fetus (129), (ii) treatment of
antiphospholipid antibody syndrome has been shown
with hydroxychloroquine (131), (iii) hydroxychlo-
roquine is found in decreased quantities in breast
milk when compared to chloroquine (132). The

evidence for usage of antimalarials during lacta-
tion is not well established, a recent follow-up of
infants exposed to hydroxychloroquine given to
mothers during pregnancy and lactation observed
normal visual function and neurodevelopment
outcome in early infancy (133).

 

Psoriasis

 

The mechanisms of action of antimalarials inducing
psoriasis are currently believed to be twofold: (i)
antimalarials block UV radiation (134); (ii) inhibition
of transglutaminase with antimalarials comprises
the epidermal barrier function (135). Speculatively,
antimalarials may also indirectly enhance CD8
T-cell activation through the increased shuttling
of soluble antigens to class I MHC molecules (37).

Antimalarials have been used extensively in
patients having psoriasis, as it effectively reduces
inflamed joints in psoriatic arthritis. While being
on this therapy it was noted that patients tended
to flare up with their psoriasis; however, subse-
quent studies have shown the incidence of psoriasis
while on antimalarials substantially varies (136).
Forty-eight military patients that received malaria
prophylaxis weekly doses of 200 mg of chloroquine
and 15 mg primaquine (137) were studied. Twenty
of these patients had mild to moderate worsening of
their psoriasis, and three patients became resistant
to topical therapy. One study concluded that hydro-
xychloroquine was not associated with any psoriasis
flare-ups with patients being treated for psoriatic
arthritis (138). However, pustular psoriasis is occa-
sionally reported to occur in a similar setting (139).

One review has indicated that quinacrine is
associated with higher frequencies of exfoliative
erythroderma, and chloroquine had a higher chance
of causing significant psoriasis flare-ups (140).
Hydroxychloroquine was shown to have lower rates
of both of these reactions. Some authors claim
that antimalarials do not induce psoriasis de novo
but only triggers existing disease (136). A system-
atic review of these discrepant reports recently
concluded that the evidence is insufficient to either
refute or support a role of antimalarials in the
exacerbation of psoriasis (141).

 

Adverse effects

 

Ocular

 

Antimalarials have been shown to cause adverse
ocular effects that are reversible when the patient
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is taken off their antimalarial except for retinopathy.
With chloroquine, patients occasionally experience
blurry vision or diplopia when therapy is initiated;
these symptoms usually resolve with time or the
dosage can be decreased. This effect has not been
observed with hydroxychloroquine (142).

Although corneal deposits are usually asymp-
tomatic, patients can experience seeing halos
around lights. The findings of corneal deposits
under slit-lamp examination are not a contraindi-
cation to continuing treatment (143). Depositions
are related to dosage and usually appear after
1–1.5 months after therapy is initiated and are
reversible with resolution occurring usually 1.5–2
months after therapy is discontinued. Easterbrook
estimated that approximately 90% of patients with
chloroquine 250 mg daily develop corneal deposits,
in contrast with patients who received hydroxy-
chloroquine 400 mg daily in whom corneal depos-
its were not observed (144,145).

The most serious ocular toxicity with antima-
larials is retinopathy and this is an absolute con-
tradiction to continuing therapy. Retinopathy in
its early stages is called premaculopathy, which is
a reversible adverse effect characterized by changes
in visual field or fundoscopic examination with no
associated vision loss (146). With progression, a
zone of depigmentation surrounds the pigmented
part of the macula that is all encircled further
with an area of pigment resulting in a “bull’s eye”
appearance.

In the 1960–70s retinal toxicity was seen in
patients receiving high standard dosage antima-
larial regimens, but more recent studies have shown
that this toxicity can be limited with lower effective
dosages and patient monitoring (147,148). In a
study with nine patients that received less than
6.5 mg/kg/day of hydroxychloroquine with a total
cumulative dose of greater than 1000 g (1054–3923 g),
no individuals acquired retinal toxicity (149). The
second study being the largest retrospective study
on hydroxychloroquine retinal toxicity contained
1207 patients being followed up for 2 years also
observed no toxicity in the same dosage range (150).
Mackenzie followed up over 900 patients with
rheumatoid arthritis over 7 years to determine
retinopathy associated with cumulative and daily
dosage regimens (151). From these patients, those
that received greater than 1 kg of chloroquine or
hydroxychloroquine were further observed to find
that the mean daily dosage were: (i) 3.65 mg/kg/day
of chloroquine and 6.49 mg/kg/day of hydroxy-
chloroquine in those that did not progress to
retinopathy; (ii) 5.11 mg/kg/day of chloroquine
and 7.77 mg/kg/day of hydroxychloroquine in those

that developed retinopathy. Therefore, Mackenzie
concluded in his study that recommended safe
dosages for chloroquine is less than 4 mg/kg/day
and for hydroxychloroquine is less than 6.5 mg/kg/
day to prevent retinopathy. A review of the litera-
ture has shown that chloroquine 250 mg/day is
more oculotoxic than hydroxychloroquine 400 mg/
day, whereas quinacrine has a relative lack of retinal
toxicity (152,153). Only two questionable cases of
retinotoxicity have been reported with quinacine
use (154,155), and thus most specialists do not
recommend routine ophthalmologic follow-up of
patients on this drug.

The American Academy of Ophthalmology (AAO)
screening guidelines recommend patients be placed
on hydroxychloroquine 

 

≤

 

 6.5 mg/kDa/day or chlo-
roquine 

 

≤

 

 3 mg/kg/day (156–158). Based on the
guidelines, patients are divided into two catego-
ries: low-risk patients who receive this lower dosage
and have used the drug for 

 

≤

 

 5 years, and higher-
risk patients who have received higher dosages or
having other risk factors such as high body fat
level, concomitant kidney or liver disease, con-
comitant retinal disease, or 

 

≥

 

 60 years of age.
Patients should have a baseline ophthalmologic
examination within 1 year of starting these medi-
cations, which includes examination of the retina
through a dilated pupil and testing of the central
visual field sensitivity by either a self-testing grid
chart (Amsler grid) or an automated field tester
(Humphrey 10-2 testing). When patients are in the
low-risk category, no further testing is required
for 5 years if the initial baseline examination is
normal according to the AAO guidelines, whereas
patients in the high-risk category are examined
annually. If any toxicity appears to develop then
more elaborate tests are recommended such as
multifocal electroretinography (159).

 

Neuromuscular

 

Antimalarials have been reported to stimulate the
cerebral cortex in particular with quinacrine and
to a lesser effect with chloroquine (75). The most
frequent manifestation reported by patients include
nightmares and headaches. Other side effects
include irritability, nervousness, psychosis, seizures
and hyperexcitability.

Musculoskeletal symptoms have been reported
in the literature to occur with usage of antimalarials
that resolved with cessation of therapy. Chloro-
quine can occasionally cause myalgia and fatigue
with onset of treatment. As well, neuromyopathy
has been reported in several patients while on
chloroquine. In 156 SLE patients who were treated
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with hydroxychloroquine, two patients developed
proximal myopathy with positive electromyogra-
phy (160).

 

Hematologic

 

The use of antimalarials in patients with glucose-
6-phosphate deficiency has been reported to cause
hemolysis (161). Agranulocytosis and aplastic
anemia have been uncommonly observed in patients
that have received chloroquine or quinacrine (24,88).
Although rare, all the antimalarials have caused
severe leukopenia in patients. The hematologic
adverse effects caused by antimalarials are reversed
with cessation of therapy. The risk of aplastic anemia
has been reported in patients receiving quina-
crine that require bone marrow transplantation,
with the risk being estimated to be 1/50,000 (88).
Patients are normally monitored with a complete
blood count (CBC) at baseline, followed with a CBC
monthly for 3 months and then every 4–6 months.

 

Cardiac

 

Cardiac side effects from prescribing antimalarials
in treatment of cutaneous lesions are rare. How-
ever, a recent case was reported in a 59-year-old
woman treated with antimalarials during 13 years
for discoid LE who subsequently developed con-
duction disturbances and congestive heart failure
(CHF) (162). This cardiotoxicity is more commonly
seen in patients being treated for systemic LE.
Usually, the antimalarial known to cause conduc-
tion disturbances and CHF is chloroquine and
less frequently, hydroxychloroquine (163).

 

Gastrointestinal

 

The manifestation of gastrointestinal symptoms
occurs in descending order with quinacrine (30%),
chloroquine (20%), followed by hydroxychloroquine
(10%) (75). Common symptoms include nausea,
vomiting, and diarrhea. Some patients present
with additional symptoms such as anorexia, heart-
burn, abdominal distension, and elevated trans-
aminases. These manifestations are transient that
resolve with time or with decreased dosage. Liver
function tests are usually taken at baseline and
then measured monthly for 3 months, followed by
monitoring every 4–6 months.

 

Cutaneous

 

Blue-gray to black pigmentation is observed in
10–30% of patients who receive long-term antimalarial

therapy (164–166). Darker pigmentation is associ-
ated with quinacrine compared to hydroxychloro-
quine or chloroquine. The pigmentation change is
typically seen in the face, hard palate, forearms,
and shins. Melanin granules and hemosiderin
deposits are observed within the dermis with
biopsy. In addition, the roots of the hair become
bleached with successive streaking, and nailbeds
may develop transverse bands (167,168). These
cutaneous manifestations resolve after several
months of cessation of therapy.

Pruritus and other cutaneous eruptions occur
in patients taking antimalarials. The cutaneous
manifestations reported include morbilliform,
exfoliative dermatitis, urticaria, eczematous, alopecia,
photosensitivity, erythroderma, and erythema
annulare centrifugum (75,169). A recent report
suggests that cutaneous adverse reactions to anti-
malarials may be more common in patients with
dermatomyositis (where they were noted in roughly
30% of patients treated at one center) than in
patients with lupus where the historical reaction
rate is roughly 3–10% (170). Patients that took
quinacrine during World War II developed lichenoid
eruptions with rates of 1/2000 soldiers on 100 mg
daily, and in 1/500 soldiers taking 200 mg daily of
therapy (171). Three of these patients were observed
to develop squamous cell carcinoma; however,
two of these patients also had radiation therapy
and the medication was continued for months to
years despite the onset of the eruption. It has been
proposed that such lichenoid tissue reactions may
precede quinacrine bone marrow toxicity (171).

 

Drug interactions

 

Antimalarials exhibit several important drug
interactions that are highlighted in this section.
The combination of hydroxychloroquine treatment
with chloroquine should not be given due to
potential retinotoxicity (148). Levels of penicil-
lamine or digoxin may be increased with hydroxy-
chloroquine or chloroquine usage (21). Metoprolol
levels have been shown to increase with usage of
hydroxychloroquine (172). Chloroquine can reduce
the bioavailability of ampicillin and increase
cyclosporine levels (21). Kaolin and anti-acids may
decrease absorption of chloroquine and therefore
the intake of these medications should not be
within 4 hours of chloroquine therapy. Anti-
arrhythmic activity is possible with chloroquine
as seen with amiodarone and chlorpromazine, and
therefore caution should be used in prescribing
these medications concurrently (21). Cimetidine
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tends to impair elimination of chloroquine. Simul-
taneous usage of chloroquine with hepatotoxic
drugs increases the risk of hepatotoxicity and use
with mefloquine with seizures (173–175). Antima-
larials interfere with neuromuscular transmission
and therefore should not be used in patients
with disruption of neuromuscular transmission
via predisposing conditions or secondary to med-
ications. Smoking has been reported to inhibit the
P450 enzyme system, decreasing the efficacy of
antimalarial therapy (176). Furthermore, nicotine
may inhibit the lysosomal uptake of antimalarials
(177). A more recent study showed no difference
in effectiveness in smokers; however, there were a
lower number of patients in this study that could
account for failing to detect a difference (178).

 

Conclusion

 

Antimalarials have been used by dermatologists
for over 50 years, principally for the management
of cutaneous LE. When compared with other
immunomodulatory agents, antimalarials have a
favorable safety profile. The major mode of action
now appears to be inhibition of endosomal TLR
signaling resulting in reduced B-cell and dendritic-
cell activation. This mode of action has obvious
relevance in these drugs’ efficacy in the treatment
of LE. This mode of action may also explain the
beneficial effects of these drugs in other T-cell–
mediated dermatoses such as lichen planus and
granulomatous dermatoses such as sarcoidosis
and granuloma annulare. Our new understanding
of the toxicities and modes of action of these
drugs may suggest new applications and modified
treatment regimens.
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