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ABSTRACT

Introduction: External ano-genital warts
(AGWs) due to human papilloma virus infec-
tion are the most common sexually transmitted
ano-genital lesions of viral origin worldwide.
Treatments include topical chemicals/drugs,
excisional surgery, cryosurgery, electrosurgery
and laser surgery. Nitric-zinc complex (NZC) is a
new topically applied solution containing nitric
acid, zinc, copper and organic acids that indu-
ces a caustic effect on condyloma. The objective
of this study was to investigate the efficacy and
tolerability of NZC in the treatment of AGWs.

Methods: Patients attending for AGWs between
September 2016 and February 2018 were retro-
spectively studied. They received at least one
NZC application for a maximum of four treat-
ments (V0, V1, V2, V3) with average intervals of
25 days between sessions. Recurrences were
evaluated at 3 and 6 months after clearance.
Results: One hundred patients (70 males, 30
females) with a mean age of 36.39 years were
studied. The total number of AGWs diagnosed
at the baseline visit (V0) in all patients was 418
with a mean of 4.18 AGWs per patient. A wart
cure rate of 92% was observed in B 4 treatment
sessions (383 lesions cured at visit 4, V4, out of
418 lesions at baseline), with a cure rate of 49%
with only one NZC application. Complete
clearance was observed in 25, 52, 72 and 84% of
patients at V1, V2, V3 and V4, respectively.
Relapses were observed in 29% of patients at
3 months and in 5% at 6 months. Of note,
patients with B 5 AGWs at V0 showed better
clearance results than patients with[ 5 lesions
(p\ 0.05). The treatment was well tolerated by
most patients.
Conclusion: NZC has been demonstrated to be
effective for AGWs after 1–4 treatment sessions,
obtaining a good response from the first appli-
cation. The better response in patients with
fewer warts suggests that the earlier diagnosis is
made and treatment started, the better the
expected results.
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INTRODUCTION

Human papillomavirus (HPV) infections are
very common sexually transmitted infections
worldwide with about 14 million new genital
HPV infections occurring each year in the USA
[1]. The Centers for Disease Control and
Prevention (CDC) estimate that [ 90% and
80%, respectively, of sexually active men and
women will be infected with at least one type of
HPV at some point in their lives [2]. Around
one-half of these infections are with a high-risk
HPV type, especially types 16 and 18, which are
responsible for most HPV-caused cancers [3];
low-risk HPVs (mainly 6 and 11) usually do not
cause cancer but cause skin warts on or around
the genitals and anus [3, 4]. External ano-geni-
tal warts (AGWs) due to HPV infection are the
most common sexually transmitted ano-genital
lesions of viral origin worldwide [5–8]. AGWs
are usually asymptomatic, but depending on
the size and anatomic location, they can be
painful or pruritic. Regardless of symptoms,
warts can also cause significant psychosocial
distress since they are perceived as disfiguring,
impacting sexual lifestyle and causing concerns
about future fertility and cancer risk [4, 5, 9].
Treatments for AGWs include topical chemicals
or drugs, excisional surgery, cryosurgery, elec-
trosurgery and laser surgery. There is no clear
evidence that one recommended treatment is
superior to another, and no single treatment is
ideal for all patients or all warts. The choice of
treatment for a single patient should be guided
by several factors: wart size, number and ana-
tomic site, patient preference, cost, conve-
nience, adverse effects and operator’s
experience [10]. Regrettably, the available
treatments can be painful and can leave scars or
hypopigmentation [11]; furthermore, recur-
rence rates after any treatment range from 6%
to 100% [12]. Nitric-zinc complex solution
(NZCS) is a new medical device: a topically
applied solution containing nitric acid, zinc,
copper and organic acids that has been recently
demonstrated to induce a painless caustic effect

on ‘‘difficult-to-treat warts,’’ including AGWs
[13, 14]. The objective of the present study was
to investigate retrospectively the efficacy and
tolerability of NZC in the treatment of AGWs.

METHODS

Patients attending for AGWs between Septem-
ber 2016 and February 2018 were retrospec-
tively studied. Eligible patients were adult men
and women with at least one anal or genital
wart suitable for topical treatment. They
received at least one NZCS application for a
maximum of four treatment sessions (V0, V1,
V2, V3) with average intervals of 25 days
(ranging from 21 to 30 days) between sessions.
NZCS was topically applied using a 30 ll capil-
lary tube on each lesion until a whitening
reaction appeared. The number and location of
AGWs observed at each session in each patient
were recorded as well as the demographic data
(sex, age) and the clinical history of the
patients, namely AGW location and duration
(months), any previous treatment, cutaneous/
systemic comorbidities and concomitant treat-
ments, infectious comorbidities and especially
human immunodeficiency virus (HIV) status.
Data concerning sexual behaviour, when avail-
able, were also noted for each patient, namely
sexual orientation, number of sexual partners
during the last year and infectious comorbidi-
ties of the partners. AGW recurrences were
evaluated at 3 and 6 months after clearance.
Tolerability was assessed by asking patients to
quantify the pain after each treatment session
on a scale from 0 to 4: 0 meaning no pain, 1
mild pain, 2 mild/moderate pain, 3 moderate
pain and 4 intense pain. The study was
approved by the Independent Ethics Commit-
tee Institutional review board (IRB) SPRIM
Advanced Life Sciences on 7 February 2018, and
each patient signed written informed consent
to participate in the study.

Statistical Analysis

A descriptive statistics analysis was carried out
for all variables. Continuous variables were
described as the number of valid cases, mean,
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standard deviation (SD), median, 25th and 50th
percentile (P25–P75), minimum and maximum.
Categorical variables were described as absolute
and relative frequency over the total valid val-
ues (N). In cases of missing values, their number
has been described per group.

Categorical variables were compared using
the chi-square test to evaluate the homogeneity
of the values between groups and between ses-
sions. For all comparisons, statistical signifi-
cance was set at 0.05. All analyses were
performed on the data set using all available
information on an intention-to-treat (ITT) basis.
The statistical analysis was carried out using the
SAS (Statistical Analysis System) program, ver-
sion 9.2.

RESULTS

One hundred patients were included in the
study: 70 males and 30 females with a mean age
of 36.39 years (ranging from 17 to 80 years). At
the baseline visit (V0), the HPV lesions were
genital in 59% of the patients, anal in 25%,
inguinal in 10% and ano-genital in 6%.
Regarding the history of AGWs, they had been
present for an average of 10.96 months (ranging
from 0.3 to 72 months) and previous treatments
had already been performed in 54% of the
patients, being partially effective in 88.9% and
not effective in 11.1% of these subjects. The
previously performed treatments were: liquid
nitrogen cryotherapy, imiquimod 5% cream,
diathermocoagulation, epigallocatechin gallate
cream, tretinoin cream, laser therapy and pho-
todynamic therapy. These treatments had been
performed alone, in sequence or in combina-
tion. Cutaneous comorbidities (atopic dermati-
tis and psoriasis) were present in 18.2% of the
patients; other comorbidities were HPV cervici-
tis (18.2%), hypertension (9.1%) and chronic
renal failure (9.1%). Some patients, before par-
ticipating in the study, had undergone surgery
for other comorbidities as well as squamous
carcinoma of the rectum and bone marrow,
heart, kidney and liver transplantation. Oral
therapies were taken by 19/100 (19%) patients:
7 of these 19 patients were taking long-term
immunosuppressive drugs (cyclosporine,

tacrolimus, prednisone, mycophenolate mofe-
til) following organ transplantation. Infectious
comorbidities were recorded in 36% of the
patients: bowenoid papulosis, HPV cervicitis,
chronic cystitis, genital herpes, gonorrhoea,
syphilis, hepatitis B virus (HBV) infection, hep-
atitis C virus (HCV) infection, Molluscum conta-
giosum, urethritis and skin warts. Ninety-three
of the 100 studied patients took an HIV test and
had a negative result, while 7 patients refused to
take the test and their HIV status remained
unknown. Regarding sexual behaviour, 84% of
the patients self-reported as heterosexual, 15%
homosexual and 1% bisexual. When asked
about the number of sexual partners during the
last year, 74% of the patients reported having
had sexual intercourse with one or two partners
and 26% of the patients did not respond.
Thirty-six patients reported information about
the presence of sexually transmitted infections
in their stable partners: of these partners, 21 had
HPV cervicitis, 5 had skin warts, 4 had bacterial
urethritis, 3 had Molluscum contagiosum and 3
had syphilis. At enrolment (V0), the total
number of AGWs diagnosed in all patients was
418 with a mean of 4.18 ± 2.44 AGWs per
patient (ranging from 1 to 12 AGWs per
patient). Concerning tolerability, at V0, most of
the patients quantified the pain from NZCS
application as mild (45% of the subjects gave a
score of 1 on a scale from 0 to 4) or mild/mod-
erate (35% of the subjects gave a score of 2).

At V1, 25% of the treated patients were cured
whereas 75% needed a second NZC application.
The total number of AGWs present at V1 in all
patients was 213 with a mean number of lesions
per patient of 2.13 ± 2.18 (ranging from 0 to 10
AGWs per patient), reaching a wart cure rate of
49% of total warts diagnosed. Tolerability at V1
did not differ from V0.

At V2, 36% of the 75 patients treated at V1
were cured. The total number of AGWs present
at V2 in all patients was 88 with a mean number
of lesions per patient of 1.17 ± 1.35 (ranging
from 0 to 4 AGWs per patient). Therefore, the
AGW cure rate was of 58.7% versus V1, reaching
a cumulative cure rate of 78.9% of the initial
diagnosed AGWs and new warts that appeared
during the study. Tolerability at V2 did not
differ from V0 and V1.
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At V3, 41.7% of the 48 patients treated at V2
were cured. The total number of AGWs present
at V3 in all patients was 63 with a mean number
of lesions per patient of 1.31 ± 1.74 (ranging
from 0 to 6 AGWs per patient), reaching a
cumulative cure rate of 84.9%. Tolerability at
V3 was slightly better than V0, V1 and V2: 56%
of patients quantified the pain from NZC
application as mild compared with 45% of
patients at V0, 44.8% at V1 and 38.5% at V2. At
V4, 42.9% of the 28 patients treated at V3 were
cured. The total number of AGWs present at V3
in all patients was 35 with a mean number of
lesions per patient of 1.25 (ranging from 0 to 6
AGWs per patient). Overall, considering the
number of lesions cured, a cumulative cure rate
of 92% was observed in B 4 treatment sessions
(383 lesions cured at visit 4 out of 418 lesions at
baseline) (Table 1, Fig. 1). Complete clearance
was observed in 25, 52, 72 and 84% of patients
and the cumulative cure rate was 49, 78.9, 84.9
and 91.6% at V1, V2, V3 and V4, respectively
(Table 2, Figs. 1, 2).

New AGWs diagnosed during the study per-
iod (as recurrences or new lesions) were also
treated and included in the efficacy analysis:
relapses were observed in 29% of patients at
3 months and in 5% at 6 months.

Of note, patients with B 5 AGWs at V0
showed better clearance results than patients
with[ 5 lesions (p\0.05) (Figs. 3, 4). Statistical
analysis (chi-square test) did not find a signifi-
cant difference in the cure rate between patients
with infectious comorbidity and patients with-
out (p = 0.6163 at V3, p = 0.6658 at V4). When
evaluating the cure rate by type of infectious
comorbidity present in partner(s), a statistically
significant difference was found between
patients whose partners had HPV infection
(HPV cervicitis, urethral smear positive for HPV,

genital condylomas) and patients whose partner
had infections different from HPV or no infec-
tion. Indeed, at V4, 67.9% of patients whose
partners had HPV infection were cured com-
pared with 90.3% of patients whose partners did
not have HPV infection (p = 0.0060). In addi-
tion, no statistically significant differences were
found in the cure rate considering the following
variables: lesion location (p = 0.0694 comparing
at V4 the cured patients with anal versus geni-
tal, ano-genital, inguinal warts), sexual orien-
tation (p = 0.3686 at V3 and p = 0.0568 at V4
comparing heterosexual versus homosexual
patients) and the number of partners
(p = 0.5957 at V3, p = 0.2603 at V4 comparing
patients with 1 sexual partner versus patients
with 2 sexual partners during the past year).

DISCUSSION

NZC is an aqueous solution containing organic
acids (lactic, oxalic and acetic acid at 8.6%
each), small amounts of metallic ions (zinc and
copper salts) and 65% nitric acid as the main
compound. Application of NZCS alters the wart
structure through acid hydrolysis of the peptide
bonds between the cells and devitalization of
the tissue proteins of the lesion (mummifica-
tion). In addition, unlike liquid nitrogen
cryotherapy, NZCS shows antiviral effects by
reducing the amount of HPV DNA, as demon-
strated by a novel ex vivo approach that studied
epidermal histology and assessed the amount of
HPV DNA in fragments of plantar warts before
and after treatment [15]. The specific combina-
tion of ingredients of NZC preserves the active
concentration of nitrites in the solution and the
nitric acid produces a chemical fixation on the
wart tissue with protein denaturation and
mummification of the treated area [15].

Table 1 Cumulative number of cured warts at V1, V2, V3, V4

V0 V1 V2 V3 V4

Number of total warts 418 (100.0%) 213 (100.0%) 88 (100.0%) 63 (100.0%) 35 (100.0%)

Number of cured warts 0 (0.0%) 205 (49.0%) 125 (58.7%) 25 (28.4%) 28 (44.4%)

Number of accumulated total warts 0 (0.0%) 205 (49.0%) 330 (78.9%) 355 (84.9%) 383 (91.6%)
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Therefore, the antiviral effect of NZC can be
attributed to the protein denaturation of HPV
DNA by the nitric acid.

Ours is the largest series of patients with
warts, especially AGWs, treated with NZC. Only
three previous studies investigated the efficacy
of NZC: Cusini et al. evaluated 37 patients with
a total of 55 genital, plantar, hand and periun-
gual warts finding an overall complete cure in
90% of the patients after 1–4 applications [13].
Rozas-Munoz et al. described 15 patients with a
total of 128 genital, plantar and periungual
warts showing a complete resolution in 88.3%
of the warts and partial resolution in 11.7%.
They also found that lesions with complete
resolution had no recurrences within 3 months
of follow-up [14].

Recently, Kelati et al. studied 11 patients
with AGWs: although resistant to previous
treatments with cryotherapy and/or imiqui-
mod, all lesions were completely cured after a
single application of NZC and only one case of
recurrence at 6 months was observed [16].

Considering the lesions of the genital area
alone, in the study by Cusini et al. 30/37
patients had genital warts and complete reso-
lution was achieved in 87% of them [13], a
patient cure rate very similar to ours (84%) with
1–4 applications. Rozas-Munoz et al. did not
specify how many of their patients had genital
lesions; they considered as a whole the 128
warts of their 15 patients and calculated the
cure rate based on the number of cured warts.
They observed complete resolution in all

Fig. 1 Percentage of cured warts at visit 1 (V1), visit 2 (V2), visit 3 (V3) and visit 4 (V4)

Table 2 Cured patients at V1, V2, V3, V4

V0 V1 V2 V3 V4

Patients visited 100 (100.0%) 100 (100.0%) 75 (100.0%) 48 (100.0%) 28 (100.0%)

Treated and cured 25 (25.0%) 27 (36.0%) 20 (41.7%) 12 (42.9%)

Treated and not cured 75 (75.0%) 48 (64.0%) 28 (58.3%) 16 (57.1%)

Cumulative cured patients 25 (25.0%) 52 (52.0%) 72 (72.0%) 84 (84.0%)

Patients not cured 75 (75.0%) 48 (48.0%) 28 (28.0%) 16 (16.0%)

Number of warts per subject, mean

(SD)

4.18 (2.44) 2.13 (2.18) 1.17 (1.35) 1.31 (1.74) 1.25 (1.65)
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(100%) the treated genital warts after four
treatment sessions [14], whereas we found
complete resolution in 92% of the lesions after
four sessions. The cure rate reported by Kelati
et al. was also very satisfying with a complete
resolution in 100% of the patients at 15 days
[16]. The difference between our and other
results is possibly due to the smaller sample
sizes in the previous studies. Of note, seven of
our patients were taking oral immunosuppres-
sive therapy during NZC treatment (1 for pso-
riasis, 1 for atopic dermatitis and 5 because of a
previous solid organ/bone marrow

transplantation); nevertheless, one of them was
completely cured with only two NZC applica-
tions and the other six with three NZC appli-
cations. Only two of the seven
immunosuppressed patients relapsed at the
3-month follow-up and one at the 6-month
follow-up. Despite the small number of
immunosuppressed patients in our series, these
data demonstrated that NZCS was also effective
in a subgroup of difficult-to-treat patients
known to be particularly at risk of severe and
extensive infections. Indeed, previous studies
on NZC efficacy have always dealt with
immunocompetent patients [13, 14, 16], and
ours was the first small series of immunosup-
pressed patients treated with NZC. In a previous
study on the dermatological infections in organ
transplant recipients (OTR), we found that viral
infections, especially by HPV, were the most
prevalent dermatological infections in these
individuals [17]. Indeed, the prolonged dura-
tion of cellular-immunosuppressive therapies
required to maintain graft function is responsi-
ble for the susceptibility to infection in OTRs,
which may be more difficult to treat than in the
general population. Furthermore, in OTR, the
risk of developing non-melanoma skin cancers
in chronic HPV infection is higher than in the

Fig. 2 Percentage of cured patients at visit 1 (V1), visit 2 (V2), visit 3 (V3) and visit 4 (V4)

Fig. 3 Warts of the shaft successfully treated with only
one application of NZC

332 Dermatol Ther (Heidelb) (2019) 9:327–335



general population [17]. In addition, our find-
ing of a worse cure rate in patients whose part-
ners had HPV infection compared with those
whose partners did not have HPV infection
confirms the high contagiousness of HPV [5, 6]
and emphasizes the importance of assessing the
HPV-infectious status of patients’ partners and,
if necessary, the need to treat the infected cou-
ple in parallel.

A limitation of the current study is repre-
sented by the follow-up period that is limited to
6 months after clearance.

CONCLUSIONS

NZCS has been demonstrated to be effective for
AGWs after 1–4 treatment sessions, obtaining a
good response from the first application and
maintaining remission over time. Indeed, the
cure rate of NZCS in our study (complete reso-
lution of 92% of warts in B 4 treatment ses-
sions) was one of the highest reported to date.
The better response in patients with fewer warts
suggests that the earlier diagnosis is made and
treatment started, the better the expected
results are.
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