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INTRODUCTION

The immune response modifier imiquimod 5% cream

(AldaraTM) is a safe, effective and established treatment

for external genital and perianal warts. It is the first

member of the family of immune response modifiers,

which stimulates innate and cell-mediated immune
pathways, inducing potent antitumor, antiviral and

immunoregulatory effects (1, 2). Imiquimod stimulates

the immune response through induction, synthesis and

release of cytokines such as interferon (IFN) a, tumor

necrosis factor (TNF) a and interleukin 12 (IL 12) (3, 4).

In addition, imiquimod acts to stimulate other com-

ponents of innate immunity such as natural killer cell

activity, secretion of nitric oxide from macrophages and
proliferation and differentiation of B-lymphocytes (1).

Imiquimod also stimulates the T-helper (Th)-1 cyto-

kine, IFNc and enhances the migration of Langerhans’

cells to the lymph nodes; these cells are important

antigen-presenting cells within the epidermis (5). Imi-

quimod is not only a recommended treatment for

anogenital warts (6 – 8), but has also been shown to be

effective in the treatment of other viral infections (9, 10)
and epithelial neoplasms (11 – 13).

IMIQUIMOD FOR THE TREATMENT OF
EXTERNAL GENITAL WARTS

Human papillomavirus (HPV) is the most common
sexually transmitted infection in many countries. Figures

from the World Health Organization (WHO) and Com-

municable Disease Surveillance Center (CDSC) show

that approximately 5.5 million new cases of HPV are

reported every year, with 40 million cases in the United

States of America (USA). In addition, 1% of sexually

active adults in the USA aged between 15 and 49 years

develop genital warts. With a steady increase in world-
wide incidence, genital warts are the most frequently

diagnosed infection in sexually transmitted disease (STD)

clinics in both the northern and southern hemispheres

(14). Within the UK, HPV-associated anogenital warts

account for approximately 25% of total diagnoses at

genitourinary medicine (GUM) clinics (15). This increase

in the epidemiology of anogenital warts is having a

substantial effect on the cost of healthcare services in
developed countries, for instance in the UK in 2002 the

estimated cost of external anogenital warts was three

billion dollars.

HPV is prevalent in many different subtypes with the

clinical manifestation being either anogenital or non-

genital. Anogenital warts or condylomata acuminata

are clinical conditions of HPV types 6 or 11. High-

oncogenic risk anogenital lesions tend to arise from

HPV infections of subtypes 16, 18, 31, 33 and 35. HPV

types 1, 2 and 3 have clinical manifestations that typify

verruca plantaris, verruca vulgaris and verruca planar,

respectively (16, 17). In addition to being implicated

in many carcinomas of the skin (18), epidemiological

studies have underlined thatHPVs are themain etiological

factor of anogenital cancer (19). Current recommended

treatment options for genital warts are patient-applied

therapies, which include imiquimod, or podophyllotoxin,

an antimitotic agent. Alternative treatment options

encompass physician-administered therapies, which may

either be ablative, such as surgical excision, cryotherapy,

laser therapy, and electrocautery or cytodestructive e.g.

trichloroaceticacid (TCA).Guidelines fromtheCenters for

Disease Control and Prevention (USA), Australia and

Europe for the management of genital warts strongly

recommend patient-applied therapies as a first line

treatment option, with physician-administered therapies

suggested as alternative strategies (6 – 8).

Imiquimod is available as a single-use sachet that is

applied directly to the lesion three times per week at

night and on the following morning, and the area washed

with mild soap and water. Treatment duration is recom-

mended until wart clearance is achieved or for a maxi-

mum of 16 weeks (20). The importance of ensuring a

three times weekly application is highlighted by Gollnick

et al. (21) who compared the safety and efficacy of three

times weekly and once daily applications of imiquimod

5% cream for the treatment of penile genital warts in

uncircumcised men. Both groups showed similar levels

of efficacy and the only differences were in the side

effects experienced. The most frequently reported local

side effects were burning, pruritus, irritation or pain;

however, the three times a week dosing regimen was

well-tolerated, with a lower incidence of local skin reac-

tions than in the once daily group. The results indicated

that the appropriate treatment regimen is three times

weekly, which demonstrated higher efficacy with toler-

ability (21). Additional open-label studies have further

established the successful and well tolerated use of imi-

quimod for treating genital warts in both women and

men with low rates of recurrence (22, 23). With any

treatment modality, there are possible associated side

effects, therefore it is important to highlight these to the
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patient prior to commencement of a treatment schedule.

Typical local skin reactions with imiquimod are asso-

ciated with the local inflammatory reaction, including

itching, eythema, irritation and ulceration (24). The

benefit of imiquimod for the treatment of genital warts

is verified by patient preference for this treatment option.

In a phase IIIB clinical study conducted by O’Mahony

et al. (25), patients expressed greater satisfaction with

self-applied imiquimod compared to their previous

therapies. In addition, they had specific preference for

the length of time of clearance, convenience and lack of

associated pain with imiquimod.

In a recent open-label clinical trial, imiquimod has

also shown promise as a treatment for other HPV-

associated conditions. Hengge and colleagues have

reported the successful use of imiquimod for the

treatment of common warts (9). A total of 50 patients

suffering from nongenital cutaneous warts, located on

the hands, feet and face were treated with imiquimod

5% cream. In this patient population there were four

children under the age of 16 years, 12 HIV-infected

patients (mean CD4 count reading 323) (Fig. 1a) and 3

allograft recipients. Imiquimod was applied once daily

for five consecutive days per week. The application

schedule was intensified, compared to the recommended

three times a week application as used for the treatment

of genital warts, because of the higher degree of kera-

tinization of the skin. Results showed that 30% of

patients with warts achieved total clearance (Fig. 1b)

while 26% demonstrated a w50% reduction in wart

size. A common side effect observed was erythema, but

this was generally mild and transient (9).
To exemplify the successful use of imiquimod for an

HPV-associated condition, we report a case of an 84-

year-old female with Heck’s disease, who presented with

a papule on the posterior aspect of the upper gum,

located under her prosthesis. A physical examination

demonstrated many white coalescing papules (Fig. 2a).

She was instructed to topically apply imiquimod 5%
cream to the lesion, under her prosthesis. Following
three applications there was significant improvement

in her condition, with no indication of the papules

or the intraepithelial hyperplasia (Fig. 2b). These

documented findings clearly highlight the therapeutic

benefits of imiquimod in treating HPV-associated skin

lesions.

IMIQUIMOD FOR THE TREATMENT OF
MOLLUSCUM CONTAGIOSUM

Another common benign viral infection of the skin

is molluscum contagiosum (MC), which can closely

resemble warts in appearance. It is caused by one of

three poxviruses (MCV I, MCV II, MCV III) (26),

which are large double-stranded DNA viruses that
replicate within the cytoplasm of keratinocytes. Within

the host cell, the virion colony is encased and isolated

Fig. 1. A human immunodeficiency virus-positive patient with a 12-month history of extensive periungual warts caused by human papilloma-

virus 42 (HPV 42) on 10 fingers is shown before (a) and after 8 weeks of therapy (b). Hengge UR, et al. Br J Dermatol 2000;143(5):1026 –1031.

Fig. 2. (a) White coalescing papules on the posterior aspect of the upper gum in an 84 year old woman. (b) Clinical clearance of the papules

(intraepithelial hyperplasia), following 3 applications of topically applied imiquimod 5% cream.
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in a protective sac, thereby preventing activation of the

host’s cell-mediated immune response (27, 28). Trans-

mission of the virus is facilitated by mechanical trauma

(29). Although MC is frequently thought of as a child-

hood disease, the incidence of MC in sexually active

adults has shown a marked increase over the past few

decades (28). Data collected by the national Disease

and Therapeutic Index Survey between 1966 and 1983

showed a statistically significant increase in the number

of patients above 15 years of age who were diagnosed

with MC. There was a greater incidence among patients

aged 20 to 29 years, with a slight male dominance (30).

Recently, the prevalence of MC or ‘giant’ MC has

been documented in patients with primary immunode-

ficiencies or HIV infection (31). Conventional treat-

ments for MC encompass topical application of caustic

agents such as silver nitrate, TCAor cantharidin curettage.

Alternatively, lesions may be excised or treated by

cryotherapy. These treatments are often painful and not

always feasible for larger or widespread lesions (26).

The proposal to treat MC with imiquimod followed

initial findings by Hourihane et al. (32), who reported

the successful treatment of MC in immunodeficient

children with subcutaneous injections of IFNa. Based
on these findings researchers proposed that treatment

of this condition may be possible with imiquimod 5%
cream. The unique immunostimulatory properties of

imiquimod have resulted in its documented use in

treating MC in young children and HIV-infected
patients, as well as for recalcitrant MC (33, 34). In

the same open-label trial that investigated imiquimod for

common warts conducted by Hengge et al. (9), they

documented the successful use of imiquimod for MC

lesions. Inclusion criteria specified patients who had

previous failed treatments with an average of three

different therapy modalities. Imiquimod was applied

once daily for five days a week. Of the total patient

population, 15 patients presented with molluscum

contagiosum, which included seven children (all

under16 years of age) and three HIV-infected patients.

Of the 93% of the patients with MC who completed the

trial, 53% achieved total clearance while 27% showed a

w50% reduction in molluscum size. In addition, six of

the seven children demonstrated complete regression of

their MC. Fig. 3 shows the typical response of MC to

imiquimod application. The average time to clearance

was between 8 and 12 weeks (9). Recently, Barba et al.
(26) conducted an open-label safety study of topical

imiquimod cream for treating MC in children. An

acceptable degree of localized irritation was observed

with no systemic toxicity. Clinical resolution was

observed in a third of patients. However, this study

did not address drug efficacy, therefore highlighting the

need for further studies to determine imiquimod’s

efficacy and optimal dosing regimen.
It appears conclusive that imiquimod is an important

addition to the therapeutic modalities available for the

treatment of MCV-associated infections, as well as pro-

viding clinicians with a powerful tool in the arsenal

against HPV.

IMIQUIMOD FOR THE TREATMENT OF
VULVAL INTRAEPITHELIAL NEOPLASIA

Another HPV-associated condition is vulval intra-

epithelial neoplasia (VIN), best described as dysplasia

of the squamous epithelium of the vulva (35). Vulval

intraepithelial neoplasia is divided into three histological

grades that encompass a spectrum of lesions of

increasing severity: VIN I (mild dysplasia), VIN II

(moderate dysplasia) and VIN III (severe dysplasia/
carcinoma in situ). VIN III is the most common pre-

sentation and may be unifocal or, more likely, multi-

focal (36, 37). The etiology of VIN III has been linked

to HPV types 16 and 18 (38).

Traditional treatment modalities consist of either

medical, (e.g. 5-fluorouracil (5-FU), IFNa) surgical (e.g.
cryotherapy, surgical vulvectomy) or photodynamic

Fig. 3. 9-year old girl with genital mollusca shown (a) before and (b) after 6 weeks of therapy with imiquimod 5% cream. Hengge UR, et al.

Br J Dermatol 2000;143(5):1026 – 1031.
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therapy (36). All these treatment modalities, although

effective, are associated with limited success and

recurrence (36, 37). Based on findings that have

implicated HPV as a contributing factor in the devel-

opment of VIN, and the successful use of imiquimod

in treating HPV-associated anogenital warts (20, 22),

imiquimod has been proposed as a possible treatment

option for VIN. Davis et al. (39), were the first to report

the successful use of self-administered topical imiqui-

mod for treating VIN III lesions associated with HPV-

16. Imiquimod was applied three times a week for a

total of six weeks. This preliminary study has led to

further studies being conducted to determine the

potential use of imiquimod for treating VIN. Such

studies include those by Jayne et al. (40) and Todd et al.

(41) who demonstrated either complete clinical clear-

ance or greater than 50% reduction in the size of the

VIN lesions within their patient population following

treatment with imiquimod. These initial studies have

highlighted another therapeutic benefit of imiquimod

5% cream, an already accepted therapy option for the

treatment of viral and oncogenic pathologies of the skin.

IMIQUIMOD FOR THE TREATMENT OF
KELOIDS

As imiquimod affects both innate and cell-mediated

immunity, it is possible to speculate about its use for

treating conditions where the immune systems plays a

role in disease regression, or in conditions where IFNs

have been previously used as treatment options. Keloids

are an example of such a dermatological condition.

These are best described as an overgrowth of fibrous

tissue that occurs on the site of a scar of a previous

injury and it is thought that tension plays a major

pathophysiological role. Proliferative scars are char-

acterized by increased collagen and glycosaminoglycan

content, as well as an increase in collagen turnover (42).

Traditional therapeutic treatments encompass occlusive

dressings, compression therapy, intralesional cortico-

steroid injections, cryosurgery, excision, radiation, laser

and therapies directed at collagen synthesis (42, 43). An

additional treatment option is the therapeutic use of

IFNs. IFNs are antiviral agents that possess anti-

angiogenic, anti-proliferative, anti-cancer activities as

well as immunomodulatory activity. In addition to this,

IFNs are able to regulate the expression of native func-

tioning p53, a tumor suppressor protein, as well as

enhancing apoptosis. IFNs act by increasing keloidal

collagenase activity, reducing both glycosaminogycan

synthesis and keloidal fibroblast synthesis of collagens.

These properties of IFNs all contribute to its anti-

keloidal and antifibrotic effects.

It has been reported that keloids have an approxi-

mate 50% recurrence rate (44). This rate, however, falls

to 19% in patients treated with post-operative injections

of IFN-a 2b into the suture line at the time of excision

and again a week later (44). As imiquimod induces both

a constant and high level of IFNa at the site of appli-

cation, we undertook a study to evaluate its role in

treating keloids following surgical excision and to assess

the rate of recurrence. In a small study, 12 patients

displaying a total of 13 keloids located on the mid back

(one) and earlobe (twelve) were enrolled. The keloids

were surgically excised and primarily closed and pa-

tients were instructed to topically apply imiquimod 5%
cream directly to the suture line once a night, initiated

on the day of surgery, for a total of eight weeks.

Patients were assessed at 4, 8, 16 and 24 week intervals

post surgery for adverse reactions at the site of application

as well as any side effects that may have arisen from

systemic IFN toxicity. In total, 10 of the 12 patients

completed the six month study. For these 10 patients,

none of the 11 keloids showed signs of recurrence

(Fig. 4). In addition, there were no systemic symptoms

of IFN toxicity; however, six patients demonstrated

hyperpigmentation that resolved spontaneously over

4 – 5 months and two patients showed mild eczematous

erythema at the site of application, which resolved

spontaneously with dose reduction (45). In addition to

these findings, there is currently a double-blind, random-

ized, vehicle-controlled study being conducted of 30

patients with keloids that have not been excised but

are being treated with imiquimod or vehicle cream,

once daily for eight weeks. Although longer follow-up

and active comparator studies are needed, early

Fig. 4. Keloid lesion located on the ear-lobe of a female patient, (a) before treatment with imiquimod 5% cream; (b) following treatment

with imiquimod cream after surgical excision, there was sustained clearance of the keloidal lesion.
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indications suggest that imiquimod may be a safe and

effective treatment to minimize the recurrence of keloids

following surgical excision.

CONCLUSION

The clinical benefits of imiquimod 5% cream are

primarily attributed to stimulation of innate and cell-

mediated immunity. Following its approval as an effec-
tive treatment option for external genital warts, it has

also been successfully used in clinical practice for the

treatment of a range of other cutaneous viral infections

such as VIN,MC, reported here, and for skin tumors such

as basal cell carcinoma and actinic keratosis (discussed

in more detail in this supplement). It is essential that

further studies accurately identify the most appropriate

method and frequency of application of imiquimod for
optimal clinical benefits for many cutaneous infections

and malignancies.
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QUESTIONS AND ANSWERS

Question: Erythema is typically observed at the point

of regression of molluscum contagiosum, isn’t this a
type of immune response that is typically observed during

imiquimod treatment?

Professor Hengge: I agree that spontaneous regression

of this cutaneous lesion is accompanied by erythema.

In addition, I would like to add that the side effects
observed during the treatment of molluscum contagio-

sum with imiquimod include erythema and tend to be

greater than those observed for cutaneous warts.

Question: You mention that HIV-positive patients have

more HPV-associated lesions, does that imply that

disease management and treatment, in terms of biopsies

and follow-up, should be different with these patients

compared to non HIV-infected patients?

Dr Johnson: The treatment of this group of patients

has changed considerably as our understanding of HPV

infections is that they frequently become highly malig-

nant in HIV-infected patients. This has necessitated

early biopsies and both constant and regular follow-

ups, which is important in establishing whether the
HPV infection is of a low or high oncogenic subtype.

This is particularly important for the management of

HPV in the genital area.

Question: What would be the first line of treatment for

multiple warts in children and is there any evidence for

the treatment of resistant and recurrent beard warts in

males with imiquimod?

Professor Hengge: When treating children, the best line

of therapy is the one with minimal pain and trauma. I

suggest imiquimod, because unlike conventional treat-

ments it is self-administered and is not associated with

unnecessary pain, although this would depend on the

consent of the parents and the extent of the disease.

With reference to beard warts, I have little research
experience with this cutaneous pathology. It appears

that conventional methods of shaving these lesions causes

the generation of micro traumawhich will probably result

in the spread of the virus.

Question: Warts located within the urethra and mouth

mucosa have proved difficult to treat, could you suggest

the best method of treating lesions at these sites?

Professor Hengge: Lesions located in these areas are

difficult to treat with a topically applied cream, as the

cream is likely to wash off. Therefore a combination

of therapies may be required. Physical removal by

the most appropriate means, depending in the location,

can be coupled with topical application of imiquimod

to create immunity against viral infection and prevent
recurrence.
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