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ABSTRACT

As an immune-response modifier, imiquimod
can bind to Toll-like receptors on immune cells
and enhance innate and adaptive immune
responses, exerting potential antitumor and
antiviral effects, which led to its approval by the
US Food and Drug Administration for the
treatment of actinic keratosis, superficial basal
cell carcinomas, and anogenital warts, and to its
off-label use in treating many other benign and
malignant dermatoses. Although topical
administration of imiquimod has been consid-
ered well tolerated, an increasing number of
cutaneous and noncutaneous side effects are
being reported as its clinical applications
expand. This review primarily focuses on rare
cutaneous side effects. To the best of our
knowledge, this is the first article to summarize
the mechanism, diagnosis, and management of
rare cutaneous side effects of imiquimod, which
may help to heighten awareness among physi-
cians, especially dermatologists, about potential
imiquimod-induced cutaneous side effects.

Keywords: Imiquimod; Rare; Cutaneous side
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Key Summary Points

Imiquimod is approved by the US Food
and Drug Administration for the topical
treatment of anogenital warts, superficial
basal cell carcinomas, and actinic
keratosis.

Off-label use of imiquimod for the
treatment of many other benign and
malignant dermatoses is becoming
increasingly common.

Although imiquimod is considered to be a
safe drug and is generally well tolerated,
an increasing number of rare cutaneous
side effects, such as vitiligo, pemphigus,
psoriasis, and lichen planus, are being
reported.

Most of these rare cutaneous side effects
are reversible, but a few are irreversible or
even fatal.

Dermatologists should be vigilant about
the potential side effects of imiquimod,
and regular follow-up is crucial to detect
potential risks during and after treatment.
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INTRODUCTION

Imiquimod [1-(2-methylpropyl)-1,H-imi-
dazo(4,5-c)quinoline-4-amine], an
immunomodulating agent of the imidazo-
quinoline family, was developed by 3M Phar-
maceuticals Saint Paul in the US [1]. Imiquimod
was originally developed as a nucleoside analog,
and its activity was discovered during the search
for new anti-herpes virus drugs [2–4]. It was first
approved by the US Food and Drug Adminis-
tration (FDA) for the topical treatment of
anogenital warts in patients 12 years and older
in February 1997 [2], and later (in 2004) for
superficial basal cell carcinomas (sBCC) and
actinic keratosis (AK) [5]. Recently, there have
been increasing reports of the treatment of
other diseases benefiting from the off-label
application of imiquimod, indicating its
important potential in treating skin tumors and
infectious diseases [6, 7]. Due to its hydropho-
bicity and molecular size (Mr = 240.3), imiqui-
mod has the property of percutaneous
permeation, making it suitable for topical use,
which offers patients a noninvasive and non-
surgical treatment modality for skin diseases
[3, 8–10]. Imiquimod is marketed in two con-
centrations, 5% and 3.75%, with the former
being more widely used [1].

Despite widespread investigation of imiqui-
mod’s mechanism of action, it is still unclear
due to its pleiotropic effects on a variety of
diseases. Imiquimod plays its potential antitu-
mor and antiviral roles primarily by directly or
indirectly enhancing innate and acquired
immune responses, which result in the recog-
nition and killing of tumor cells or virus-in-
fected cells [11]. As a synthetic Toll-like receptor
(TLR) agonist, imiquimod can bind to TLR7
and, to a lesser degree, to TLR8 on antigen-
presenting cells, which leads to the activation of
nuclear factor kappa-B (NF-jB) via the myeloid
differentiation factor 88 (MyD88)-dependent
pathway, ultimately promoting target cell mat-
uration and increasing the levels of various
proinflammatory cytokines, such as tumor
necrosis factor (TNF)-a, interferon (IFN)-a,
interleukin (IL)-6, IL-8, and IL-12, as well as
chemokines, including CCL2, CCL3, and CCL4

[8, 12]. These cytokines, on the one hand,
enhance innate immunity, and, on the other
hand, induce the transformation of T cells into
a T helper 1 (Th1) phenotype, which facilitates
cell-mediated immune responses by stimulating
the secretion of IFN-c from naive T cells [10]. In
addition, imiquimod can enhance acquired
immunity by activating plasmacytoid dendritic
cells (pDCs), a unique immune cell subgroup
that highly express TLR7/9 and are responsible
for producing type I IFNs, namely, IFN-a and
IFN-b. The interaction between imiquimod and
TLR7 on pDCs results in the activation of the
TLR7/MyD88 signaling pathway and, consecu-
tively, the robust production of type I IFNs,
which is essential for innate immune responses
as well as for the Th1 polarization pattern
[1, 13].

In addition to the TLR-dependent pathway,
imiquimod has been shown to enhance
inflammatory responses by interacting with
adenosine receptors [14]. Also, it has been con-
firmed that imiquimod at high concentrations
directly induces apoptosis in tumor cells in vitro
and in vivo by activating the endogenous
pathway [10, 15]. Furthermore, the therapeutic
role of imiquimod is partly due to its antian-
giogenic effect. Imiquimod induces the pro-
duction of IFNs, IL-10, and IL-12, leading to the
downregulation of some proangiogenic factors,
vascular endothelial cell apoptosis, and the
inhibition of vascular movement and invasion
[8, 10].

RARE IMIQUIMOD-ASSOCIATED
CUTANEOUS SIDE EFFECTS

The pleiotropic effect of imiquimod makes it an
effective treatment for many dermatological
conditions. With increasing depth of research,
the off-label use of imiquimod for the treatment
of other diseases, such as herpes simplex [16],
lentigo maligna [11], vulvar Paget’s disease [17],
cutaneous leishmaniasis [18], primary cuta-
neous anaplastic large cell lymphoma [19], and
folliculotropic mycosis fungoides [20], is
becoming increasingly common. In most of the
literature, imiquimod is considered to be a safe
drug and is generally well tolerated. Currently,
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the most common cutaneous adverse effects are
dose-dependent local reactions, such as ery-
thema, erosion, edema, flaking, scabbing, and
excoriation at the application sites, which is
attributed primarily to the direct
immunomodulation effects of imiquimod on
the skin, and recovery is achieved after discon-
tinuation or a reduction in use [1, 21, 22].
Intense local reactions tend to result in better
results for treatment [10]. However, with the
widespread application of imiquimod, there
have been an increasing number of reports
about its rare cutaneous side effects, such as
vitiligo, psoriasis, erosive pustular dermatosis,
and erythema multiforme [23–26]. Some sys-
temic adverse effects, including nausea, diar-
rhea, influenza-like symptoms, and arthralgia,
have also been reported [10, 27]. In this review,
we mainly focus on the skin diseases induced by
imiquimod and attempt to discuss the potential
underlying reasons for them with the aim of
improving the understanding of these possible
side effects and their management. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Vitiligo or Vitiligo-Like
Hypopigmentation/Depigmentation

Although application-site vitiligo and vitiligo-
like hypopigmentation/depigmentation are lis-
ted on the package insert as possible side effects,
there is not much literature available on them.
In 2005, Brown et al. [28] reported the first case
of hypopigmentation at the treated site due to
topical imiquimod treatment of condyloma
acuminatum. To date, only approximately 30
cases have been reported. Imiquimod-induced
vitiligo and vitiligo-like hypopigmentation/de-
pigmentation have been reported to occur sub-
sequent to topical treatment for genital warts
(condyloma acuminatum) [28–38], BCC
[39–43], periungual verruca vulgaris [44],
extramammary Paget’s disease [45], melanoma
or metastatic melanoma [24, 46], AK [47], and
radiation keratosis [48]. Only one case of pig-
ment loss during or after the treatment of AK

has been reported [47], as the frequency of
treatment for AK is twice a week according to
the FDA-indicated regimen, which is lower than
the frequency of treatment for BCC (five times a
week for 6 weeks) and genital warts (3 times a
week for a maximum of 16 weeks) [49]. In
addition, the concentration of imiquimod used
to treat AK is 3.75%. According to the literature,
the time between the initial application of
imiquimod and the onset of pigmentary chan-
ges has a wide range of 4 weeks to 11 months.
Almost half of the patients suffered from
hypopigmentation/depigmentation after
3 months of administration. Therefore, regular
follow-up at short intervals is conducive to
the early detection of lesions.

Pigment loss is often localized to the site of
treatment and sometimes affects nontreated
adjacent or distant sites. In a report by Edgar
et al. [44], the patient was treated externally
with 5% imiquimod cream three times weekly
for the left thumb and right fifth digit but
developed depigmented patches on the bilateral
dorsal hands and right foot. Similarly, Alatabani
et al. [31] reported a case of a patient who
experienced depigmentation at both the treated
and nontreated sites after topical treatment of
genital warts with imiquimod 5% cream. Serra
et al. [36] reported an interesting case in which,
in addition to hypopigmentation at the sites of
application, the patient developed halos of
hypomelanosis around multiple preexisting
melanocytic nevi of the trunk following topical
administration of imiquimod for vulvar condy-
lomata. In these reports, patients denied using
any topical treatment other than imiquimod.

The majority of the patients who have been
reported refused histopathological confirma-
tion of diagnosis by a biopsy from the depig-
mented or hypopigmented areas. Thus, the
diagnosis of vitiligo was usually made based on
the clinical presentation of lesions, or the term
‘‘depigmentation’’ or ‘‘hypopigmentation’’ was
used to describe the white patches. In 2009, a
biopsy-confirmed case of imiquimod-induced
vitiligo was reported by Gowda et al. for the first
time [39]. Since then, only a few patients have
undergone biopsy. A reduction or absence of
melanin and melanocytes was found in the
white patches but not in the adjacent normal
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skin [37, 39, 45, 46, 48], which was consistent
with the clinical manifestations.

Some of the mechanisms underlying imi-
quimod-induced pigment changes have been
extensively investigated. However, its detailed
mechanism has still not been clarified. It is not
possible for imiquimod to result in depigmen-
tation or hypopigmentation by local irritation
because some patients have undergone irrita-
tion several times, such as through cryotherapy
[28, 32, 37, 45], podophylline application [45],
electrodesiccation [37, 39], and exposure to a
CO2 laser [30], prior to topical treatment with
imiquimod without presenting such a rash. An
alternative view posits that the pathogenesis
might be related to benzyl alcohol, a chemical
component of imiquimod cream, which is
thought to be a predisposing factor for vitiligo
[43]. At present, the mechanism of action of
imiquimod is generally accepted to be involved
in the pathogenic effects. As we mentioned
above, imiquimod can stimulate TLR7, induc-
ing the release of proinflammation cytokines,
e.g., TNF-a, IFN-a, IL-6, and IL-12, which are
closely related to the pathogenesis of vitiligo
and vitiligo-like hypopigmentation [40, 50].
Moreover, the Th1 signal pathway is evoked
and in turn increases the perilesional infiltra-
tion of CD8? and CD4? cytotoxic T cells; the
latter produce IFN-a and IL-2, which contribute
to the genesis of vitiligo and promote the con-
version of CD8? cells into cytotoxic T cells via
stimulation by IL-12 [50]. Moreover, imiquimod
could induce apoptosis of melanocytes by
upregulating the expression of caspase-3 and
mitogen-activated protein kinase and down-
regulating B-cell lymphoma-2 [51]. In summary,
imiquimod leads to a loss of function and a
decrease in the number of melanocytes directly
or indirectly.

Hypopigmentation or depigmentation is
typically irreversible and may even spread. A
few studies have reported varying degrees of
repigmentation after discontinuation of imi-
quimod [32, 46] or the topical use of 0.03% or
0.1% tacrolimus ointment [30, 31, 37]. Thus,
when mild depigmentation occurs, prompt
discontinuation and topical tacrolimus oint-
ment may be beneficial to improve the prog-
nosis. In addition, of the cases reported thus far,

one patient had a family history of vitiligo, and
one patient suffered from nonsegmental vitiligo
[32, 47], indicating that topical imiquimod may
act as a triggering factor for patients with a
family or personal history and should be pre-
scribed with more caution.

Psoriasis

Psoriasis is a T-cell-mediated and chronic
inflammatory skin disorder [52]. The etiology is
not well defined, and some exogenous factors
can trigger psoriasis. It has been confirmed that
exposure to drugs, such as imiquimod, is an
important risk factor that can trigger psoriasis
[53]. Although imiquimod-treated mice are one
of the most commonly used models for study-
ing psoriasis, rare clinical cases of imiquimod-
induced psoriasis have been reported. Further-
more, imiquimod might exacerbate preexisting
psoriasis [13].

We retrieved ten cases described as imiqui-
mod-induced or imiquimod-exacerbated psori-
asis (summarized in Table 1), which has been
reported following treatment of AK [54, 55],
BCC [56], and condyloma acuminatum [57] in
adults and the off-label treatment of molluscum
contagiosum and verruca plana in children [58].
The reported cases included three males, six
females, and one whose sex was not mentioned.
Most patients (6/10) had no personal or family
history of psoriasis. In the remaining cases, the
psoriasis was stable and well controlled, with
scattered rashes or even no rashes, thus requir-
ing only infrequent use of topical corticos-
teroid; in those cases, the topical administration
of imiquimod provoked a widespread flare,
indicating that imiquimod may be a precipi-
tating trigger for the relapse or exacerbation of
psoriasis [26].

The morphological types of imiquimod-in-
duced psoriasis include psoriasiform eruptions,
psoriasis guttata, psoriasis vulgaris, and psori-
atic erythroderma [13, 55, 59]. The skin mani-
festations are similar to those of classical
psoriasis and are characterized by erythe-
matosquamous plaques which can develop at
the sites of imiquimod application and/or gen-
eralized regions distant from the treated areas.
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The involvement of distant, previously normal
skin may be attributed to low-level systemic
absorption of topical imiquimod, which is sup-
ported by the evidence that mild lymphopenia,
a known side effect related to systematic imi-
quimod treatment, was found in a patient who
suffered from the generalized psoriatic lesions
beyond the sites of imiquimod administration
[60]. One patient developed fingernail abnor-
malities, which manifested as onychodystro-
phy, oil spots, and longitudinal ridging [56].
Only two patients were reported to suffer from
pruritus, which is an important symptom in
classic psoriasis [54, 56].

The histopathological features of imiqui-
mod-induced or imiquimod-exacerbated psori-
asis are largely consistent with those of classic
psoriasis, e.g., parakeratosis, focal granular layer
loss, acanthosis, occasional Munro microab-
scesses, and perivascular infiltration of lym-
phocytes in the upper dermis [13, 54, 55, 60].
Although dermal eosinophil infiltration and
lichenoid patterns are considered to be clues to
the diagnosis of drug-induced psoriasis [53],
they were found in only one patient [55].

Most patients responded well to topical
treatment with corticosteroid ointment and/or
calcipotriol cream and narrowband ultraviolet B
phototherapy (NB-UVB) [13, 26, 54, 56, 58, 60].
In one patient, the eruptions resolved sponta-
neously without any treatment after 4 weeks
[26]. Only one patient was treated with inflix-
imab, a monoclonal antibody against TNF-a,
due to the poor response to the combined
treatment of topical calcipotriol, oral etretinate,
and psoralen plus ultraviolet A (PUVA), which
led to erythroderma [55]. Unlike classic psoria-
sis, which is prone to relapse, no recurrence of
imiquimod-induced psoriasis has been reported,
indicating that this disorder may be transient.

Multiple mechanisms likely underly psoriasis
induced or exacerbated by imiquimod. As a
TLR7 agonist, imiquimod binds to TLR7 on
pDCs and thereafter induces the production of a
large amount of IFN-a, leading to T-cell activa-
tion and specifically the activation of Th1 and
Th17 cells, which is strongly associated with the
onset and development of psoriasis [13, 56].
Furthermore, Tsutsumi et al. [55] reported a case
of imiquimod-induced psoriasis in which theT
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eruptions resolved with a decrease in TNF-a
levels after infliximab treatment, indicating
that TNF-a also plays an important role in pso-
riasis associated with imiquimod. In addition,
the levels of mast cells, which release various
cytokines that trigger psoriasis, can be increased
in lesions after the use of topical imiquimod
[54, 61]. Furthermore, the exacerbation of pre-
existing psoriasis may be partly attributed to the
tissue-resident memory T cells [57].

Erythema Multiforme
and Stevens–Johnson Syndrome

Erythema multiforme (EM) is an acute,
immune-mediated, and usually self-limiting
disease that is generally categorized into EM
minor and EM major depending on the pres-
ence or absence of mucosal involvement [62].
Among the main triggers of EM, infection is the
most common, followed by systematic drugs
and, most commonly, antibiotics, nonsteroidal
anti-inflammatory drugs, and antiepileptics
[63]. Very little has been described about EM
induced by topical drugs, and even less litera-
ture exists about EM induced by topical imi-
quimod. Stevens–Johnson syndrome (SJS) and
EM were previously thought to be part of the
same disorder spectrum but are now considered
separate disease entities due to different pre-
cipitating factors, clinical manifestations, treat-
ments, and prognoses [63]. Only one case of SJS
triggered by imiquimod has been reported [64],
which is described together with EM in this
section.

Almost all reported patients with EM or SJS
suffered from intense local irritation at appli-
cation sites, e.g., erythema, pus, crusting, and
erosions, which may result in an improved
therapeutic efficacy. According to the literature,
the clinical and histopathological features of
drug-related EM may differ little from those of
nondrug-related forms of EM. These patients
mainly exhibited multiple round erythematous
patches, macules, and plaques, some of which
showed vesicular centers or central clearing,
namely, target lesions. The lesions were pre-
dominantly distributed symmetrically on the
extremities, including the palms and soles, and

the trunk was also involved in some patients.
Mucosal involvement, including stomatitis,
conjunctivitis, and erosions or ulcers of the
nostrils and lips, was found in half of the
patients [23, 65–67]. Patients diagnosed with
imiquimod-induced SJS presented with lesions
similar to those observed in patients with EM
and obvious mucosal involvement and system-
atic symptoms, such as fever and tachycardia
[64]. Histopathologic findings included ker-
atinocyte necrosis, intraepidermal blistering,
interface dermatitis, and inflammatory cell
infiltration in the upper dermis, which were
consistent with EM [65, 68].

The disease severity may be related to the
frequency and total doses of imiquimod applied
and the degree of local reaction, so low doses of
imiquimod are recommended in cases of wide-
spread or very large lesions [69]. Once suspi-
cious EM eruptions occur, imiquimod should be
discontinued immediately. Some patients
recovered soon after discontinuation [65, 68].
Administration of corticosteroids topically or
systematically contributed to the resolution of
the rash [62].

The exact mechanism of how this occurs is
currently unknown. One perspective is that the
intense local reaction at application sites before
EM may lead to an impaired skin barrier, which
promotes the systematic absorption of imiqui-
mod and facilitates the inflammatory response
underlying the pathogenesis of EM [23, 68]. An
alternative view suggests that this adverse reac-
tion appears to be associated with systematic
cytokine release triggered by imiquimod
through the TLR-7 pathway instead of the sys-
tematic absorption of imiquimod [69]. These
cytokines, particularly TNF-a, IFN-a, IL-6, and
IL-8, can enhance the Th1-cell-mediated
immune response, which plays an important
role in the initiation of EM [65]. There is also
the opinion that the occurrence of EM is
attributable to the combined action of the two
mechanisms mentioned above [68]. The
detailed mechanism remains to be further
studied in the future.
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Spectrum of Lupus Erythematosus-Like
Reactions

Long-term treatment with certain drugs may
lead to drug-induced lupus (DIL), an idiosyn-
cratic adverse drug reaction [70]. According to a
previous report, approximately 10% of lupus
erythematosus (LE) cases are caused by drugs,
mainly via systemic delivery [70, 71]. It is gen-
erally known that a significant association has
been found between mutations in TLR signaling
and the initiation and/or exacerbation of LE in
both humans and mouse models [72]. Upregu-
lation of TLRs, specifically TLR7, contributes to
the development of LE [73]. Furthermore, SLE
patients have higher blood levels of IFN-a,
which is mainly produced by pDCs and is
associated with disease activity and severity
[74]. As a TLR7 agonist, imiquimod can stimu-
late TLR7 and lead to the accumulation of pDCs
in application sites, inducing the substantial
production of IFN-a. Therefore, imiquimod can
trigger the occurrence of LE-like reactions, but
this has not been widely reported.

To date, nine cases of LE-like reactions to
imiquimod have been reported in the literature
(summarized in Table 2), and more than half (6/
9) of these patients were female patients, which
may be due to imiquimod inducing much
higher levels of IFN in women than in men [75].
One patient was diagnosed with systemic lupus
erythematosus (SLE) that manifested as erythe-
matous scaly macules with arthralgias and pos-
itivity for autoantibodies [76], and the
remaining cases were cutaneous LE. The clinical
manifestations of reported cases had high
diversity. Some patients presented with the
typical rash of LE, which is characterized by
well-circumscribed scaly erythematous papules
[71, 76, 77], while the presentation in some
patients was entirely different. Chan et al. [78]
reported two cases of LE-like reactions following
topical imiquimod treatment; one manifested
as pigmentation, and the second manifested as
papules with dark crusts. The patient reported
by Barr and coworker presented with ulcerated
plaque [21]. This diversity may be due to dif-
ferent dosages and/or durations of imiquimod
application and different stages of disease [78].
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The histological findings have not been well
defined due to the small number of cases.
Interface dermatitis (ID), which is characterized
by vacuolar changes/liquefaction, necrotic ker-
atinocytes (Civatte bodies), and infiltration of
lymphocytes [79], was found in the majority of
previously reported cases [21, 71, 77, 78, 80].
However, ID can be observed not only in
patients with autoimmune connective tissue
diseases but also in patients with immune
reactions against drugs, viruses, and tumors
[21, 78, 79]. Furthermore, the microscopic fea-
tures of LE, e.g., hyperkeratosis, epidermal
atrophy, follicular and acrosyringeal plugging,
and dermal perivascular and/or periadnexal
lymphocytic infiltration, were not uncommon
in imiquimod-induced cases. Although the
absence of dermal mucin deposition and/or
basement membrane thickening was regarded
as beneficial for distinguishing between true LE
and imiquimod-induced lupus reactions
[21, 78], this finding is not specific due to the
increased mucin levels or moderately thickened
basement membrane observed in other patients
[71, 77, 80, 81]. Thus, it is possible to misdiag-
nose these histological features as true LE
without a clinical history of topical imiquimod
administration [78]. Additionally, anti-CD123
immunohistochemical staining was positive in
two cases, indicating the accumulation of pDCs
in skin lesions, which was consistent with the
mode of action of imiquimod [71, 81]. Circu-
lating autoantibodies, including antinuclear
antibody (ANA), anti-double-stranded DNA
(dsDNA), anti-histone, and anti-SSA, were
detected in three patients [71, 76].

Due to the diversity of clinical manifesta-
tions and pathological changes in patients with
LE induced by imiquimod, the clinicopatho-
logic correlation, appropriate clinical details,
and other laboratory examinations are essential
for an accurate diagnosis. Unlike true LE, all
reported outcomes were good except for that of
the patient diagnosed with SLE with a mild
recurrence in summer, indicating that the LE-
like reaction to imiquimod is reversible, and
signs and symptoms disappear after withdrawal
of imiquimod. Therefore, anti-inflammatory
drugs are not recommended [70].

Pemphigus

Pemphigus is a group of rare and potentially
life-threatening autoimmune disorders that are
clinically characterized by erosions and
intraepidermal blisters involving skin and/or
mucous membranes [82, 83]. Although the eti-
ology of pemphigus is currently elusive, the loss
of keratinocyte adhesion caused by anti-des-
moglein 1 (Dsg1) and/or anti-desmoglein 3
(Dsg3) autoantibodies seems to account for
intraepidermal blisters and acantholysis
[83, 84]. Several factors, including genetic and
exogenous factors, can elicit the initiation or
exacerbation of pemphigus. Among the recog-
nized exogenous predisposing factors, drugs are
the most common trigger [84, 85]. Long-term
systemic IFN-a treatment could induce pem-
phigus by stimulating the production of
antiepidermis antibodies, most commonly the
pemphigus type, by autoreactive B cells [86–88].
Thus, as an inducer of IFN-a production, imi-
quimod may indirectly induce the upregulation
of pemphigus autoantibodies and subsequent
development of pemphigus [22]. In 2003,
Campagne et al. [22] reported the first pem-
phigus-like lesions induced by topical imiqui-
mod, which was used to successfully treat
vulvar intraepithelial neoplasia in a 27-year-old
woman. To date, only eight cases have been
reported, including one that involved a 5-year-
old child (summarized in Table 3). The clinical
variants included pemphigus foliaceus [89, 90],
pemphigus vulgaris, pemphigus vegetans [91],
and a pemphigus-like reaction [88].

The clinical manifestations of imiquimod-
induced pemphigus included versicles, bullae,
and erosions, which corresponded to the
pathological findings, characterized by
intraepidermal acantholytic blisters [22, 91, 92].
It is difficult to distinguish pemphigus induced
by imiquimod from the idiopathic variant from
a clinical or pathological perspective. Inquiring
repeatedly about the past medication history is
impotant.

Lesions in reported cases developed at
application sites and/or distant sites in a time-
frame of 2–8 weeks. Systemic absorption of
imiquimod or substantial cytokine synthesis
may be responsible for distant involvement
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[92]. Campagne et al. [22] considered that this
side effect may be dose independent. However,
in the study of Bauza and coworkers, the pem-
phigus-like lesions did not recur after an imi-
quimod dose reduction from 500 to 250 mg/day
[92]. In addition, imiquimod treatment leading
to the flare-up of preexisting pemphigus was
reported in one patient, which may be attrib-
uted to the overproduction of some cytokines
induced by imiquimod binding to TLR. Most of
these cytokines, such as IFN-a, TNF-a, IL-1, and
IL-6, are related to the activity of the disease
[93]. Thus, imiquimod could cause disease
relapse by amplifying the disease activity [87].
One patient was subjected to human leukocyte
antigen (HLA) molecular typing, revealing DR7,
DR14, and DQ1 phenotypes, which are known
to be related to the genetic predisposition [91].
In such genetically predisposed individuals, low
levels of preexisting circulating autoantibodies,
in combination with a cytokine environment
induced by imiquimod therapy, may facilitate
pemphigus development [83].

Moreover, immunodiagnostic tests, includ-
ing direct immunofluorescence (DIF) and sero-
logical detection of autoantibodies, are
particularly useful to diagnose pemphigus and
differentiate the various diseases [94]. In six
patients who underwent immunodiagnostic
tests, DIF and autoantibody (Dsg1 and/or Dsg2)
tests were positive in two cases and negative in
two cases. One patient was diagnosed with
atypical pemphigus vulgaris due to the detec-
tion of non-Dsg autoantibody [83].

Unlike the chronic course of pemphigus, the
initiation and flares of pemphigus induced by
drugs are commonly short-lived, with a quick
recovery and no recurrence after stopping the
culprit drug [85, 87, 90]. Despite this, all
reported patients with symptoms related to
imiquimod had undergone additional treat-
ments for weeks to months, which mainly
included systemic corticosteroids and/or topical
steroids. One patient received 3 years of topical
and systemic corticosteroid treatment [89].
Further studies involving more cases will be
needed to show whether such patients require
aggressive treatment because long-term admin-
istration of corticosteroids would result in seri-
ous side effects.

Pityriasis Rubra Pilaris

Pityriasis rubra pilaris (PRP) is a rare and chronic
inflammatory disease with a clinical and
pathological similarity to psoriasis and an
unknown etiology. It has occasionally been
reported that drugs, trauma, and infection
events may trigger this disorder [95]. PRP in
association with topical imiquimod has been
reported in four patients, including one patient
with PRP that was misdiagnosed as AK aggra-
vated by imiquimod treatment [96].

The time interval between the initiation of
imiquimod and PRP onset ranged from 2 to
5 weeks. Patients manifested with the typical
PRP rash characterized by generalized erythe-
matous-orange papulosquamous lesions, usu-
ally with unaffected skin and palmar and/or
plantar keratoderma. The pathological exami-
nation of four patients showed the characteris-
tics of classic PRP, including hyperparakeratosis
alternated with orthokeratosis in both the hor-
izontal and vertical directions, psoriasiform
epidermal hyperplasia, and superficial perivas-
cular lymphocytic infiltrates [96–99]. Of note,
intraepidermal acantholysis was found in all
patients and was thought to be a pathological
indicator that differentiates PRP from psoriasis
[100].

All patients achieved a good prognosis after
discontinuation of imiquimod and receiving
treatments. Two patients responded well to oral
acitretin [97, 98]. Oral methotrexate led to
complete remission in one patient [97]. Another
patient improved significantly after narrow-
band UVB therapy, but the skin lesions did not
regress completely at 7 months after the start of
medication [99]. Topical and/or oral corticos-
teroids showed no effectiveness in patients with
PRP induced by imiquimod [96, 97, 99]. The
duration of treatment varied, with the longest
time being 26 months [96].

The enhanced Th1 proinflammatory cyto-
kine pathway and systematic circulation of
proinflammatory cytokines induced by imiqui-
mod may be involved in the pathogenesis of
PRP related to imiquimod [97].

Dermatol Ther (Heidelb) (2023) 13:1909–1934 1921



Erosive Pustular Dermatosis of the Scalp

As a rare chronic inflammatory skin disease,
erosive pustular dermatosis of the scalp (EPDS)
commonly occurs in elderly male individuals
with atrophic sun-damaged skin and is associ-
ated with local trauma, e.g., surgery, cryother-
apy, radiotherapy, and medications [101–103].
Topical imiquimod treatment has been reported
to be responsible for the occurrence of EPDS
[102].

To date, five patients have been reported to
be diagnosed with EPDS after topical imiqui-
mod treatment for AK of the scalp (four cases) or
squamous cell cancer (SCC) of the scalp (one
case). All reported patients were older men aged
from 74 to 84 years, with an average age of
81.4 years. The dermatological manifestations
were characterized by the association of ery-
thema, pustules, erosion, and crusts involving
the photodamaged and/or bald scalp. The
pathological findings were nonspecific and
revealed epidermal atrophy, focal erosion, pus-
tular dermatitis, and mixed dermal infiltration
[102].

EPDS might be overlooked and easily misdi-
agnosed as other diseases, such as bacterial or
fungal infections, pemphigus, skin cancers,
pustular psoriasis, and pyoderma gangrenosum
due to the absence of specific laboratory tests
and pathognomonic histologic features
[102–104]. A misdiagnosis of EPDS might lead
to incorrect treatment, e.g., 5-fluorouracil, imi-
quimod, or cryotherapy, which could aggravate
the condition [103]. Critical clues that aid in the
diagnosis of EPDS induced by imiquimod
include medication history, clinical manifesta-
tions of erosions, sterile pustules and crusts on
the previously sun-damaged scalps of older
patients, a negative microbiological test and
DIF, and a good response to steroids
[101, 102, 104]. In addition, it is important to
distinguish EPDS from an obvious local reaction
related to imiquimod. The former usually lasts
for months and does not resolve spontaneously
without treatment, while the latter resolves
rapidly following the withdral of imiquimod
[104].

Four patients achieved complete resolution
after treatment, and the treatment and

prognosis were not mentioned for one patient.
Two patients were treated with topical clobeta-
sol [102], one patient was treated with oral
prednisone [104], and the other received topical
dapsone therapy [105]. Topical or systemic
steroids have been considered the first-line
treatment for EPDS; however, they are not
always effective [105, 106]. Furthermore, topical
steroids could result in more skin atrophy,
which is strictly related to the development of
EPDS [104]. Thus, alternative treatments with
equal treatment efficacy and fewer side effects
have been reported, such as topical tacrolimus,
photodynamic therapy, and topical dapsone
[101, 105].

The mechanism by which imiquimod indu-
ces EPDS remains unclear. It has been confirmed
that photodamaged skin expresses increased
proinflammatory factors which lead to the
onset and maintenance of the immune-medi-
ated reaction [107, 108]. As an immune modi-
fier, imiquimod might further amplify and
prolong the immune response when used to
treat skin tumors at sites of photodamage by
inducing an enhanced inflammatory reaction
[102, 108].

Lichen Planus and Lichenoid Reaction

Lichen planus (LP) is a chronic immune-me-
diated inflammatory disease that commonly
involves the skin and mucous membrane and
is mostly idiopathic [109]. Lichenoid reaction
(LR) shares most of its clinical and
histopathological characteristics with LP and
can be triggered by drug exposure [110].
Therefore, Brown and coworkers [111] sug-
gested that some previously reported cases of
imiquimod-induced LP should be described as
LR. As a rare adverse effect of topical imiqui-
mod, LP and LR have been reported in eight
patients, including one case of LP in a patient
misdiagnosed with solar cheilitis who had a
recurrence of LP after four applications (sum-
marized in Table 3).

It is well established that LP is characterized
by cytotoxic immune reactions induced by type
I IFN [112]. Keratinocytes expressing particular
antigens, such as viral, pharmacological, or self-

1922 Dermatol Ther (Heidelb) (2023) 13:1909–1934



antigens, are attacked and destroyed by
inflammatory cells [111, 112]. Imiquimod
interacting with TLRs could increase the pro-
duction of IFN-a and other cytokines and
thereafter activate cytotoxic T cells, which may
be an etiological factor in the cases of LP or LR
induced by imiquimod.

Local administration of imiquimod triggered
the first occurrence of LP or LR following
treatment for genital warts [30, 112, 113], AK
[114], BCC [115], and actinic cheilitis [111]. The
average latent period between the drug initia-
tion and the onset of eruptions ranged from 3 to
13 weeks, with a median of 7.6 weeks. Unlike
idiopathic LP, which is mostly symmetrically
distributed on the lateral sides of the extremi-
ties, imiquimod-induced LP and LR commonly
develop at and/or near the treated sites [111].
Morphologically, they present with erythema-
tous to purple, flat-topped papules or plaques
that are similar to idiopathic LP. Wickham
striae were found in three patients
[112, 113, 116]. Involvement of other mucosal
sites was not observed in these patients.
Microscopic findings were characterized by
overlying keratinization, basal cell liquefactive
degeneration, and a band-like layer of lympho-
cytic infiltrate along the dermoepidermal
junction.

The lichenoid drug eruptions were less likely
to spontaneously resolve and did not regress
even after ceasing the causative drug [117].
Therefore, in addition to the discontinuation of
imiquimod, another treatment was needed.
Three patients responded well to tacrolimus
ointment, a calcineurin inhibitor which has
been shown to inhibit T-cell activation and the
production of several cytokines, including IFN-a
[113, 114]. One patient was successfully treated
with 60 mg of prednisone [111]. Another
patient had undergone plastic surgery and cir-
cumcision because the condition was aggressive
and did not respond to steroid treatment [112].

Telogen Effluvium

The development of hair follicles is a dynamic
and cyclic process which determines hair
growth and shedding and includes the growing

phase (anagen), remodeling phase (catagen),
and quiescent phase (telogen) [118, 119]. Hair
follicles stay in the telogen phase when their
growth cycle is disrupted by some triggers, e.g.,
drugs, stress, surgery, and chronic inflamma-
tion, resulting in diffuse hair loss, which is
called telogen effluvium [120–122]. To date,
only three cases of hair loss related to the topi-
cal application of imiquimod have been repor-
ted [3, 122].

Although all cases were imiquimod induced,
the routes of administration and clinical mani-
festations were different. One patient developed
localized alopecia at the treated site after treat-
ment with topical imiquimod for SCC in situ on
the scalp [123]. In the other two cases, diffuse
hair loss occurred after self-application of vagi-
nal suppositories (containing 6.25 mg imiqui-
mod) for the treatment of cervical
intraepithelial neoplasia [122]. Both of these
patients suffered from severe systemic adverse
effects related to imiquimod treatment, includ-
ing fever, fatigue, headache, and flu-like symp-
toms, during the treatment period. A positive
pull test and increased ratio of telogen to ana-
gen hairs may aid correct diagnosis. There is a
general view that drug-induced telogen efflu-
vium is typically seen 2–3 months after the
initiation of treatment [124]; however, all
patients presented an obvious increase in hair
loss approximately 15–16 weeks after com-
mencing imiquimod, indicating that doctors
should extend the time to 3–4 months prior to
the start of hair loss when looking for a trigger
and other potential causes should be excluded.
Imiquimod-triggered telogen effluvium was
reversible and resolved 5–7 months after the
discontinuation of imiquimod.

No recent literature has explored the mech-
anism. Enhanced local or systemic immune
responses induced by imiquimod that disrupt
the growth cycle of hair follicles may account
for this finding. Paradoxically, a study revealed
that when imiquimod is applied during mid-
and late telogen, hair follicle stem cells are
activated, inducing hair follicles to
enter the growing phase in advance [125]. Fur-
thermore, imiquimod was used to treat alopecia
universalis, and transient hair growth was
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observed in a 15-year-old girl [126]. Thus, fur-
ther studies are warranted.

Skin Tumors

The goal of reducing unnecessary surgery and
associated costs has led researchers to focus on
topical applications for skin cancer treatment.
Imiquimod exerts an outstanding antitumor
effect by enhancing innate and acquired
immune responses and has been prescribed to
treat various benign and malignant skin
tumors, such as BCC, lentigo maligna, Paget’s
disease, primary cutaneous anaplastic large cell
lymphoma, and folliculotropic mycosis fun-
goides, with promising clinical results. How-
ever, with the expansion of the scope of
application, imiquimod has been reported to
paradoxically induce skin tumors at the treated
sites, which necessitates hypervigilance.

Eruptive Epidermoid Cysts
Epidermoid cyst (EC), a benign cutaneous
tumor, originates from the follicular
infundibulum and is related to the abnormal
healing of the infundibular epithelium follow-
ing follicular inflammation. The application of
imiquimod induces local inflammation sec-
ondary to the cytokine cascade reaction,
including the overproduction of IL-1a, which
intensely stimulates the aberrant keratinization
of the infundibulum and the production of
abnormal keratin, resulting in pilosebaceous
duct obstruction and thus the development of
EC [127–129].

In all nine cases reported previously, erup-
tive epidermal cysts appeared after treatment
with imiquimod (5 times/week, 6–12 weeks) for
BCC, indicating that EC is a rare side effect of
imiquimod treatment for BCC. The patients
presented with verrucous plaques studded with
bright or whitish papules with/without central
pores at application sites. Skin biopsy specimens
revealed that the cysts located in the middle
dermis were filled with multiple infundibular
keratins and were lined by stratified squamous
epithelium [127]. No pathological proof of BCC
was observed in these biopsy specimens after
imiquimod treatment. Thus, EC is not only a

local immune reaction but also a typical
remission pattern in specific anatomical
regions, namely, seborrhoeic areas of the face
[25]. Additionally, Diluvio et al. [25] high-
lighted the role of dermoscopy in the diagnosis
of EC, which was characterized as a popcorn-
like hyperkeratotic yellow-whitish lesion
formed by the coalescence of multiple elements
[25]. Among the reported cases, five resolved
spontaneously without treatment after
6 months [127], and two patients responded
well to topical retinoids [130, 131].

Keratoacanthoma
As a low-grade cutaneous tumor, keratoacan-
thoma (KA) grows rapidly and has the potential
for spontaneous regression [132]. KA is known
to usually arise secondary to skin trauma, scar-
ring, and laser treatment and has rarely been
reported following topical imiquimod treat-
ment for AK, Bowen disease, and superficial
BCC [133–135]. One patient has received renal
transplantation, and this immunosuppressive
condition is conducive to KA development
[133, 136]. The lesions developed at the appli-
cation sites and presented with solitary or
multiple nodules and papules with/without a
central keratin plug. Pathological pictures
revealed a keratin-filled crater-shaped area lined
by squamous epithelium. Cellular atypia and
some mitotic figures make it difficult to distin-
guish KA from SCC; however, rapid develop-
ment is one of the important clues to the
correct diagnosis of KA [134]. One patient
underwent surgical resection and no recurrence
was observed in 6 months [133]. In another
case, almost all lesions resolved spontaneously
in 2 weeks, and the remaining nodule was
removed by Mohs excision [135]. The mecha-
nism of KA induced by imiquimod remains
unclear and may be related to the localized
abnormal and exuberant immunological
response [134].

Squamous Cell Carcinoma
SCC is the second most common malignant
skin tumor and is closely associated with sun
exposure. The standard treatment for SCC is
surgical excision [137]. Recently, topical
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imiquimod has gained favorability as a non-
surgical option for SCC due to its potential
antitumor properties which involve enhancing
innate and acquired immunity. However, the
occurrence or progression of SCC induced by
imiquimod has been reported, although it is
rare.

Topical imiquimod treatment for AK and
SCC in situ (Bowen disease) has been reported
to lead to the development of SCC. Moderate to
intense local reactions, such as erythema,
desquamation, edema, and itching, were
observed in three patients [7, 138, 139]. The
primary lesions were completely cleared in all
but one patient after imiquimod treatment,
indicating the effectiveness of topical imiqui-
mod treatment. However, new tumors subse-
quently developed on the previously treated
lesions 6 weeks to 12 months after commencing
treatment with imiquimod. The diagnosis of
SCC is not difficult based on clinical manifes-
tations and pathological findings. The progno-
sis of these reported patients varied. Three
patients recovered without recurrence after
surgical excision or solid cryosurgery [7, 138],
whereas one patient died from SCC progression
[140]. Lymph node metastasis, neoplastic par-
otid involvement, and skull bone invasion were
also observed in some patients [138, 140].
Regarding the mechanism, a current hypothesis
suggests that imiquimod might alter the tumor
microenvironment equilibrium by switching
the Th2 immune response to Th1, leading to a
change in the immunosurveillance and tumor
editing processes, which may be responsible for
the development of SCC following imiquimod
treatment [140, 141].

Melanoma
In addition to SCC, 5% imiquimod cream has
also been used off-label to treat cutaneous
metastases of melanoma (MM), and has even
been considered the first-line therapy for MM
in situ (lentigo maligna) [3, 8, 142, 143]. How-
ever, it should be noted that cases of MM arising
following topical imiquimod treatment have
also been reported. Furthermore, imiquimod is
also likely to potentiate the MM development.

A 60-year-old male patient was treated with
imiquimod (five consecutive times/week,

6 weeks) due to a biopsy-proven BCC on his mid
back. Complete cure of the BCC and a newly
emerging pigmented lesion at the application
site were observed simultaneously at week 8
after beginning the treatment. The lesion was
surgically resected and histologically confirmed
to be invasive MM [3]. Dika et al. [143] reported
an 89-year-old woman diagnosed with in-transit
melanoma metastases who received a combi-
nation of diathermocoagulation ablation and
topical imiquimod. Although clinical remission
was achieved, the disease progressed from IIIC
to IV after 3 months, with the patient ulti-
mately dying from complicated paraneoplastic
ascites. Given the rarity of these cases and the
pleiotropic antitumoral responses of imiqui-
mod, it is difficult to explore the specific
mechanism, and the exuberant immunological
response induced by imiquimod as well as the
influence of imiquimod on immunosurveil-
lance and tumor editing may be involved
[3, 143].

Considering that skin tumors, especially
more aggressive tumors, have been reported to
develop or progress after the topical use of
imiquimod against AK, BCC, and SCC in situ,
the importance of regular long-term clinical
follow-up cannot be overstated.

Others
Moreover, topical imiquimod used in the
treatment of genital warts resulted in the com-
plete remission of warts and the occurrence of
lichen sclerosus in a 37-year-old man [112].
Barton [144] reported success in treating a
patient who had Bowen’s disease through the
topical application of 5% imiquimod; however,
angioedema developed 3 weeks after drug initi-
ation. Stephenson and colleagues [145] reported
that a 6-year-old girl for whom imiquimod was
used to treat flat warts accidentally applied it to
a nearby annular granuloma lesion. The lesion
expanded and thickened within 1 month but
returned to its previous baseline morphology
after the use of imiquimod was stopped. Cav-
icchini et al. [146] reported that one patient
developed morbilliform exanthem on his trunk
and arms 22 days after imiquimod therapy for
five biopsy-proven superficial BCCs on his
shoulders.
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CONCLUSION

Due to its mode of action, the topical use of
imiquimod can activate immune cells and
induce the release of proinflammatory cytoki-
nes by binding to TLRs, further promoting the
Th1 response and enhancing the activation of
cytotoxic T cells, which play an excellent anti-
tumor and antiviral role and have shown strong
therapeutic effects [111]. Based on this, imi-
quimod has expanded the treatment strategies
for viral infections of the skin and localized
tumors and has allowed patients to undergo
convenient self-medication/home treatment.
However, the excessive release of cytokines and
inappropriate inactivation of the immune sys-
tem induced by imiquimod may precipitate or
exacerbate certain autoimmune diseases and
inflammatory dermatoses, e.g., vitiligo, psoria-
sis, EM, and LP, as the adverse events we men-
tioned above; therefore, due caution
must be taken when using imiquimod, espe-
cially in patients with a personal or family his-
tory of these diseases.

The diagnosis of imiquimod-induced der-
matoses is not straightforward, and these con-
ditions are easily to misdiagnose and miss,
which is in part because some patients, espe-
cially elderly patients, might use more than one
drug during the same period. In addition, even
for the same dermatoses induced by imiqui-
mod, the incubation times can be different for
different individuals, varying from several days
to several months or even years. Unlike the
relatively short incubation periods of most drug
reactions, the prolonged latent time makes it
more challenging to identify the culprit drug.
Prompt withdrawal of imiquimod and avoiding
re-exposure are critical to recovery. It might be
helpful to establish an accurate system to record
the medication history and related side effects
to trace pathogenic drugs. Interestingly, there
have been cases of dermatosis that may have
been induced by imiquimod, such as DLE, viti-
ligo, and KA, that were treated successfully by
imiquimod [132, 147]. Therefore, it is important
not to mistake these primary diseases for cuta-
neous reactions secondary to topical imiquimod
treatment.

Although imiquimod is only currently
approved by the FDA for external genital and
perianal warts in children aged 12 years or more
[1], it has been used off-label to treat other pe-
diatric dermatoses, including molluscum con-
tagiosum, verruca plana, and verruca vulgaris,
which has led to increasing reports of side
effects such as psoriasis, pemphigus, and ery-
thema, as we mentioned above [58, 65, 88].
Thus, there are objections to the use of imiqui-
mod for molluscum contagiosum in children
due to the potential adverse effects, treatment
costs, and limited effect [88]. We suggest that
weighing the pros and cons is necessary in the
choice of treatment strategy.

Although topical administration of imiqui-
mod is considered well tolerated, dermatolo-
gists should be vigilant about the potential side
effects. It is important to note that some of
these side effects are irreversible and may lead to
interruptions of therapy, further reducing
patient satisfaction and compliance with the
treatment. Additionally, the minority of these
side effects are virtually irreversible and could
even induce patient death. Although the inci-
dence of these rare cutaneous side effects is
currently very low, an increasing number of side
effects will inevitably arise due to the off-label
usage of imiquimod, which has been expand-
ing, and new routes of topical administration,
such as intravaginal suppositories, that have
been explored [122]. Thus, clinicians should be
aware of these potential risks related to imi-
quimod, and patients must be adequately
informed about such possible adverse reactions,
including but not limited to localized or gen-
derized cutaneous conditions, before treatment.
Regular follow-up is crucial to detect potential
risks during and after treatment.
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