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Abstract: Viral warts - manifestations of cutaneous infection by human papilloma virus -

can be a significant physical and emotional burden for patients when common treatments

fail, particularly for individuals who are immunocompromised or with multiple lesions.
Cidofovir, an antiviral agent typically used for the treatment of cytomegalovirus infection, has
emerged as an alternative treatment option for viral warts when administered topically or
intralesionally. In this review, we highlight the scientific rationale, published evidence, and
practical clinical uses of intralesional cidofovir for the management of cutaneous warts as
well as ongoing questions requiring further research and exploration of this emerging therapy

for refractory verrucae.
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Introduction

Cutaneous warts, or verruca vulgaris, are benign
cutaneous growths that arise secondary to infec-
tion with certain serotypes of the human papil-
loma virus (HPV) family. Although warts are
generally benign in nature, they can cause pain,
impair function, and have significant impacts on
an individual’s quality of life.! Warts also repre-
sent a significant economic burden, with total
costs in the United States exceeding $220 million
in 2004 for genital warts alone.! Person-to-person
transmission and auto-inoculation occur through
direct skin-to-skin contact leading to multiplica-
tive burdens for individuals impacted by cutane-
ous warts. Warts can be disfiguring, particularly
when they affect the hands or face and may lead
to feelings of embarrassment, shame, and con-
cern about negative perceptions by others.!
Despite this, physicians may underestimate the
psychological distress that patients with warts
endure, even when the affected areas of the body
are easily visible.?

In immunocompetent individuals, the majority of
warts resolve spontaneously or relatively quickly

with first-line treatment methods such as topical
salicylic acid or liquid nitrogen cryotherapy.?> In
contrast, immunocompromised patients or those
with persistent warts lasting 2 or more years may
be refractory to treatment.* The lack of patient
adherence to long treatment regimens and finan-
cial burdens associated with purchasing medica-
tion may also present significant barriers to
appropriate care for individuals with cutaneous
warts.?

Various treatments for resistant warts have been
explored, including cryotherapy, curettage/cau-
tery, intralesional (IL) immunotherapy, laser
therapy, intralesional bleomycin, cimetidine, and
vitamin D.*® In recent years, cidofovir has
emerged as an option for treatment of refractory
warts. Cidofovir is an antiviral medication most
commonly used to treat cytomegalovirus retinitis
in patients with human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/
AIDS).% Other off-label indications for its use
include infections such as acyclovir-resistant her-
pes simplex virus infection, BK virus infection,
adenovirus infection, and recurrent respiratory
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papillomatosis. Cidofovir can be administered
intravenously, intralesionally, or topically depend-
ing on the clinical indication. This review aims to
describe the use and effectiveness of IL cidofovir
in treating recalcitrant warts.

Methods

The search terms ‘cidofovir’, ‘warts’, and ‘ver-
ruca’ were used to extract articles from the
PubMed database. Article titles and abstract con-
tents were reviewed for clinical relevance in order
to compile a review of the literature for inclusion
in the article.

Mechanism of action

Cidofovir is a nucleoside analog of deoxycytidine
monophosphate.” It is taken up by cells through
fluid phase endocytosis and is subsequently phos-
phorylated to yield the active metabolite cidofovir
diphosphate.® Since cidofovir diphosphate is
structurally analogous to other nucleotides, it
functions as a competitive inhibitor by incorpo-
rating into a growing strand of DNA, thereby
inhibiting DNA polymerase and blocking viral
DNA synthesis.8-1© In HPV-infected keratino-
cytes, cidofovir treatment traps infected cells in
the S phase to prevent further DNA synthesis,
inducing DNA fragmentation and activating cas-
pase-3 protease activity to promote apoptosis in
infected cells.!%!1 In uninfected keratinocytes,
cidofovir treatment demonstrates marginal to no
decrease in growth.19 Because cidofovir does not
rely on viral thymidine kinase for activation, the
medication has also shown effectiveness against
herpesviruses that are resistant to acyclovir, gan-
ciclovir, and foscarnet treatment.!? A main limita-
tion of cidofovir when administered systemically
is nephrotoxicity; individuals may be pre-hydrated
prior to treatment to avoid this complication.
Similar renal impairment is not generally observed
when cidofovir is administered locally via topical
or intralesional methods.!3-14

Clinical effects of intralesional

cidofovir injections

Despite limited literature, case reports and cohort
studies suggest that IL cidofovir is an effective
treatment for recalcitrant warts when treatments
such as cryotherapy, Candida antigen injection,
topical salicylic acid, laser therapy, and curettage/
cautery are unsuccessful.?

Studies of cidofovir for the management of recal-
citrant warts are limited, but they have demon-
strated the overall effectiveness of IL cidofovir on
recalcitrant warts. Immunosuppressed patients
may particularly benefit from IL cidofovir; case
reports have shown that patients with recalcitrant
warts that had underwent organ transplant or had
lymphoma have been successfully treated with IL
cidofovir (Table 1).15-18

An immunosuppressed patient that had under-
gone renal transplant and subsequently devel-
oped recalcitrant warts covering both hands
showed resolution of 95% of warts after seven IL
cidofovir injections.!> No recurrence was observed
over a 24-month follow-up period. In another
case, a lymphoma patient with a large plantar
wart measuring 4 X5cm was cured after four
injections of IL cidofovir.1® In a case series of four
organ transplant recipients with warts or anal/
penile condylomata refractory to treatment, IL
cidofovir resulted in dramatic improvement of the
lesions.!® However, one patient experienced
recurrence after a 12-month follow-up. Another
case report described a wart in the nail fold that
was resistant to cryotherapy and curettage.!® After
cidofovir 1% cream was applied for 5 days with no
response, IL cidofovir was administered twice,
resulting in complete resolution of the lesion
without recurrence after 2 years of follow-up.

A recent retrospective study highlighted the ben-
efit of IL cidofovir in the treatment of recalcitrant
warts and condylomata in immunocompetent and
immunocompromised patients.2? In the per-pro-
tocol population of 43 patients, 100% and 97.6%
of warts improved or resolved, respectively, after
an average of 3.4 IL cidofovir treatments. In the
intent-to-treat population of 58 patients, 98.3%
and 75.9% of warts were improved or resolved,
respectively, after an average of 3.4 IL cidofovir
treatments. Another study comparing IL sodium
tetradecyl sulfate treatment to IL cidofovir treat-
ment demonstrated that IL cidofovir was signifi-
cantly (p<<0.001) more effective at completely
removing warts.” About 26.09% of the sodium
tetradecyl sulfate treatment cohort and 90.91% of
the IL cidofovir treatment cohort was wart-free
after each respective treatment. Complete resolu-
tion of warts was noted in all 22 patients receiving
cidofovir. However, recurrence of warts following
cidofovir treatment was observed in two immuno-
compromised patients, to whom additional IL
cidofovir was administered. In a larger study of
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Table 1. Characteristics of immunocompromised patients receiving IL cidofovir treatment.

Study No. of Age Gender Medical history Location and Dosing Clinical outcome
patients number of
lesions treated
Bonatti 43 33 Female Renal transplant; one Multiple lesions 7.5mg/ml IL cidofovir with  Complete
etal.’® rejection episode treated in the vaginal, 0.9% saline solution. 4 resolution of
with bolused steroids; anal, and vulvar injections of 2-10 ml every lesions and free
refractory to laser regions 2weeks of recurrence at a
treatment 4-month follow-up
17 Male Renal transplant; Multiple lesions 7.5mg/ mlIL cidofovir Significant
post-transplant course on nose and with 0.9% saline solution.  reduction of
complicated by acute bilateral hands Multiple injections of 2-10  lesions after
rejection, peritonitis, and and feet ml over many 2-week 6months
CMV disease; refractory to cycles accompanied by
cryotherapy, surgery and topical cidofovir ointment
imiquimod treatment
32 Male Cardiac transplant, Anal 7.5mg/ mlIL cidofovir with  Complete
refractory to surgery and condylomata 0.9% saline solution. 1 resolution after
imiquimod treatment injection of 2-10 ml 2weeks, with
recurrence after
12months
30 Male Renal transplant; suffered  Urethral 7.5mg/ mlIL cidofovir with Disappearance of
from several rejections condylomata 0.9% saline solution. 4 most lesions and
necessitating multiple injections of 2-10 ml every free of recurrence
courses of steroids; 2weeks over a 24-month
refractory to laser and follow-up
imiquimod treatment
Blouin 1 23 Male Renal transplant, >100 lesions on  7.5mg/ mlIL cidofovir Significant
etal.’s refractory to cryotherapy, bilateral hands with 0.9% saline solution.  resolution of 95%
cantharidin, imiquimod, 7 injections of 0.25-1.5ml  of lesions without
salicylic acid/petrolatum, over 4-week intervals recurrence over
salicylic acid/podophyllin, 24-month
dinitrochlorobenzene, IL follow-up
bleomycin, cimetidine, CO2
laser, acitretin, and topical
cidofovir treatment
Moore 1 Unknown  Unknown Lymphoma Singular lesion Cidofovir and saline were Complete
and on plantar aspect diluted ata 1:3 ratio fora 3 resolution of
Kovarik'é of right foot mlinitial injection. 3 more  hyperkeratosis at a
injections, diluted ata 1:4  4-month follow-up
ratio, were administered
over 2months
Oh? 2 46 Male Immunosuppressive 20 lesions across  Cidofovir and saline were Complete
medications due to the sole, finger, mixed at a 1:4 ratio for resolution for
myasthenia gravis and toe a final concentration 2 months, then
of 15mg/ml. A total of recurrence of
three treatments were lesions. Additional
administered over the IL cidofovir
course of 92days injections were
administered
16 Female Immunosuppressive 7 lesions across  Cidofovir and saline were Complete

medications due to liver
transplantation

the sole, finger,
and toe

mixed at a 1:4 ratio for
a final concentration
of 15mg/ml. A total of
two treatments were
administered over the
course of 60days

resolution for

2 months, then
recurrence of
lesions. Additional
IL cidofovir
injections were
administered

CMV, cytomegalovirus; IL, intralesional.

aThis study involved six patients treated with cidofovir; however, only four were treated with intralesional administration.
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280 patients with recalcitrant warts, 276 individu-
als achieved complete resolution without recur-
rence after an average of two to three injections.8
The four patients for whom the treatment was
unsuccessful had warts that were smaller and
more difficult to access and required additional
cryotherapy post-treatment to achieve complete
resolution.

Another study evaluating the use of IL and topi-
cal gel (T'G) cidofovir in 12 HIV-positive patients
with genital warts demonstrated mixed findings.
Three patients who received IL cidofovir experi-
enced superficial flattening of condylomata, but
there was no overall significant improvement in
the size, number, and features of the lesions.2!
The large number and size of the lesions were
cited as reasons for why IL cidofovir failed to
induce a more robust response against the warts.
All patients in the study also received TG cidofo-
vir, but only 10 of them were evaluable: 4 were
cured, 3 remained stable, and 3 had improved
lesions. Complete response was achieved in one
of the three patients who received IL and TG
cidofovir combination therapy.

IL cidofovir may also have clinical applications in
the treatment of verrucous herpes simplex virus
(HSV). A case report described a patient receiv-
ing 6 IL cidofovir treatments to completely resolve
extensive acyclovir-resistant HSV on the scrotum
and perianal region.?2

Taken together, these studies illustrate the effec-
tiveness of IL cidofovir treatment for recalcitrant
warts.

Administration and dosage of medication

Technical approaches to the use of IL cidofovir
have varied based on various reports as described
above. Given local pain associated with the IL
injection, administration of local anesthesia
around the wart prior to IL injection may be con-
sidered in order to increase tolerability. IL cidofo-
vir should then be injected directly into the lesion
using a superficial crosshatching or serial punc-
ture technique.?® Regarding dosage, studies
investigating the use of IL cidofovir in the treat-
ment of recalcitrant warts have reported diluting
cidofovir 75 mg/ml with normal saline to produce
a 15 mg/ml solution.829 Other studies report using
IL cidofovir 7.5 mg/ml with a 0.9% saline solu-
tion.!%18 Varying volumes of the diluted solution

have been used depending on the number and
size of the wart, ranging from 0.2ml for periun-
gual warts up to a maximum of 5ml for larger
warts per treatment session.%20 If clinically indi-
cated, patients should return to clinic on a
monthly basis for additional IL cidofovir
injections.

Adverse events and special considerations

IL cidofovir treatment is associated with several
local adverse events (AE) including blistering,
pain, swelling, and erosion.2? Patients with plan-
tar warts have also reported bulla formation on
their feet after IL cidofovir injections.® In another
study, all 276 patients experienced pain and
burning during the IL cidofovir injection.® Post-
injection AE included hyperpigmentation in the
hands, erythema, and pruritus in a minority of
patients. Notably, no systemic effects nor devia-
tion from baseline laboratory values were observed
post-treatment.

The literature regarding the AE of IL cidofovir is
limited. The AEs of intravenous cidofovir are well
described and include nephrotoxicity, neutrope-
nia, and metabolic acidosis.?3 IL cidofovir has not
been associated with these systemic complica-
tions; prior studies have found no statistical dif-
ferences in neutropenia or renal dysfunction
before or after IL cidofovir administration in
patients with recurrent respiratory papillomatosis
(RRP).13 In addition, there was no evidence of
long-term  nephrotoxicity or neutropenia.
Similarly, studies varying the volume of 7.5 mg/
ml IL cidofovir treatment administered in the air-
way for RRP did not lead to toxic concentrations
in the plasma.!* However, greater plasma diffu-
sion levels with higher standard deviations were
observed in adults compared with children. The
authors concluded that for adults, medication
should be administered intralesionally at a con-
centration lower than the intravenous infusion
dose leading to toxicity in order to prevent sys-
temic toxicity. Cancer risk from long-term
repeated use of cidofovir is a theoretical concern
given studies of intravenous cidofovir in animals
have shown evidence of tumor formation.?*
Studies in patients with RRP have resulted in
mixed findings. A case report found that invasive
squamous cell cancer arose from a squamous
papilloma after multiple injections of cidofovir.?>
However, a more recent study demonstrated that
IL cidofovir use in patients with RRP did not
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increase rates of dysplasia or carcinoma develop-
ment compared with control RRP patients.2¢

Large-scale studies addressing the need for labo-
ratory monitoring of patients undergoing treat-
ment with IL cidofovir are lacking. Regardless of
administration route, one should consider close
monitoring for possible nephrotoxicity through
serum creatinine levels in patients who have pre-
existing renal dysfunction, require a large dose of
cidofovir, or are on other medications that modify
rates of renal excretion. Precautions regularly
taken during systemic administration of cidofovir
include ensuring an adequate fluid preload before
administration of medication, and considering the
use of probenecid, although the utility of such pre-
cautions prior to use of IL cidofovir is unknown.
Increasing the dilution of cidofovir solution may
be considered in selected patients receiving IL
cidofovir who are at risk for nephrotoxicity.%15.18

Conclusion

While warts often resolve spontaneously or with
first-line treatment, resistant cases may require
other therapeutic modalities. This review sum-
marizes the current literature on the usage of IL
cidofovir for the treatment of recalcitrant warts.
Studies suggest that this is a promising treatment
in both immunocompetent and immunocompro-
mised patients who are unresponsive to prior
therapies.
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