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Intralesional therapies are used for recalcitrant warts,
but no Food and Drug Administrationeapproved
treatment exists nor is there consensus regarding
the most efficacious therapy. Therefore, this system-
atic review aims to summarize efficacy and adverse
events reported in 62 randomized controlled trials
(RCTs) of intralesional therapies for cutaneous warts.
The most studied intralesional therapies included
measles, mumps, rubella (MMR) vaccine (n ¼ 24
studies), purified protein derivative (PPD) (n ¼ 19
studies), vitamin D3 (n ¼ 15 studies), and Candida
antigen (n ¼ 14 studies). Most studies included adult
and pediatric patients or adults alone, with only 4
studies on pediatric patients alone. MMR vaccine was
the most studied treatment (n ¼ 853 patients). MMR
had a complete response rate of 27e90%. The next
most common treatment, PPD, had a complete
response rate of 45e87%. Other treatments included
Candida antigen and vitamin D3, with complete
response rates of 25e84% and 40e96%, respectively.
The most frequent side effects were injection-site
reactions and flu-like symptoms. This systematic re-
view represents a useful summary of intralesional
therapy RCTs for clinician reference. This study also
highlights the lack of large multi-institutional RCTs,
despite many patients being treated for this wide-
spread problem.

Keywords: Cutaneous warts, Intralesional therapy,
Systematic review, Verruca, Wart

JID Innovations (2024);4:100264 doi:10.1016/j.xjidi.2024.100264
1College of Medicine, University of Nebraska Medical Center, Omaha,
Nebraska, USA; 2University of North Carolina School of Medicine, Chapel
Hill, North Carolina, USA; 3Fischell Department of Bioengineering,
University of Maryland, College Park, Maryland, USA; 4College of Public
Health, University of Nebraska Medical Center, Omaha, Nebraska, USA;
and 5Department of Dermatology, Duke University School of Medicine,
Durham, North Carolina, USA

Correspondence: Melodi Javid Whitley, Department of Dermatology, Duke
University School of Medicine, 40 Medicine Circle, Durham, North Carolina
27710, USA. E-mail: melodi.whitley@duke.edu

Abbreviations: 5-FU, 5-fluorouracil; AE, adverse event; BCG, bacillus
CalmetteeGuerin; Candida, Candida antigen; CEBM, Centre for Evidence-
Based Medicine; CI, confidence interval; HPV, human papillomavirus; MIP
(previously Mw), Mycobacterium indicus pranii; MMR, measles, mumps,
rubella vaccine; PPD, purified protein derivative; RCT, randomized
controlled trial; Th1, T helper 1

Received 8 August 2023; revised 12 December 2023; accepted 5 January
2024; corrected proof published online XXX

Cite this article as: JID Innovations 2024;4:100264

ª 2024 The Authors. Published by Elsevier Inc. on behalf of the Society for Inve
access article under the CC BY-NC-ND license (http://creativecommons.org/lice
INTRODUCTION
Warts are verrucous, exophytic lesions caused by human
papillomaviruses (HPVs) that slip through disrupted epithelial
barriers to infect basal keratinocytes. Different wart subtypes,
including common warts (verruca vulgaris), flat warts
(verruca plana), filiform warts (verruca filiformis), and genital
warts (condyloma acuminatum), can result from HPV types 1,
2, 4, 27, 57, and 63 (James et al, 2011). The infected kera-
tinocytes excessively and abnormally proliferate within the
epidermal layer to create a thickened, warty papule on the
skin. Warts most commonly occur at sites of regular trauma,
where the virus can slip through even minimally damaged
epithelial barriers to infect the underlying basal stem cells (Al
Aboud and Nigam, 2023). Considered one of the most
common complaints of routine dermatological practice,
warts affect approximately 10% of the population. Cutaneous
warts often occur in children, with incidence rates peaking in
White teenagers (ranging from 12 to 18 years) (Al Aboud and
Nigam, 2023; Hay et al, 2014). Although warts are largely a
benign condition, their undesirable appearance and poten-
tially painful placement make them a cause for concern and
frustration for patients. In addition, these flesh-colored pap-
ules can fissure, be uncomfortable or tender, and bleed.
Owing to the recurring nature of warts, they may be difficult
to remove, which can be disheartening for both patients and
providers (Al Aboud and Nigam, 2023; Hay et al, 2014;
Mur�si�c et al, 2020).

There is a range of treatment options available; aggressive
approaches may risk normal tissue destruction, and less
aggressive therapies may leave the patient with a higher
chance of recurrence. In addition, treatment options depend
on the lesion type, size, and frequency of recurrence (Hay
et al, 2014; James et al, 2011; Mur�si�c et al, 2020). Removal
may be done through destructive therapies, immunother-
apies, application of antiproliferative agents, and/or antiviral
therapies. Of these therapy options, common warts are most
often treated with liquid nitrogen cryotherapy, the application
of keratolytic agents under occlusion, or electrocauterization.
Other traditional treatment methods include surgery with
curettage, pulse dye lasers, vitamin derivatives, immune
responseemodifying treatments, or cytostatic treatments
(such as 5-fluorouracil [5-FU]). Despite a variety of treatment
options, the effectiveness of treatment methods remains un-
clear, and some treatment methods may only inhibit further
growth (Mattoo and Bhatia, 2018; Mur�si�c et al, 2020). In
addition, several of those treatments are inconvenient for the
patient because they may require frequent medical visits and
prescriptions. The lack of definitive, convenient, and cost-
effective therapies for common warts has led to patients
attempting home remedies that use occlusion alone (ie, duct
tape therapy), which are less effective (Loo and Tang, 2014).
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Table 1. Assessment of Evidence

Level of Evidence Number of Studies

1B 20

2B 42

Abbreviation: CEBM, Centre for Evidence-Based Medicine.

The Oxford CEBM 2009 was used to determine the level of evidence of
each study and overall grade of recommendation. On the basis of a
majority of studies presenting level 2 evidence, the overall grade of
recommendation is grade B.
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Intralesional therapies are an emerging and effective
approach for treating recalcitrant warts, particularly those
situated in challenging regions such as palmoplantar and
periungual areas, which often exhibit resistance to conven-
tional treatments (Mattoo and Bhatia, 2018). Several intrale-
sional therapies for warts have emerged, including vitamin
D3; tuberculin purified protein derivative (PPD); Candida
antigen (Candida); the measles, mumps, rubella (MMR)
vaccine; as well as various pharmaceutical mixtures,
including immunotherapeutic drugs, digoxinefurosemide
combinations, and antivirals such as acyclovir (Aldahan
et al, 2016; Fields et al, 2020; Ju et al, 2022). Unlike
various other treatment options, immunotherapeutic ap-
proaches upregulate the immune system to recognize and
destroy the lesions at both the target site and distant loca-
tions. This approach has proven to be an inexpensive and
effective method, particularly for individuals with multiple
recalcitrant warts (Aldahan et al, 2016). In comparison with
conventional therapeutic methods, intralesional immuno-
therapy has demonstrated shorter treatment times, increased
efficacy, a lower incidence of side effects, and reduced
recurrence rates (Ju et al, 2022; Martin et al, 2022). However,
no Food and Drug Administrationeapproved treatment ex-
ists, nor is there consensus regarding the most efficacious
intralesional therapy. Thus, a systematic review of intrale-
sional therapies is reported in this paper to achieve a better
understanding of the intralesional treatment modalities
currently available to patients and to understand the efficacy
and safety of intralesional therapies for treating nongenital
warts.

METHODS
Data sources and search strategies

We searched MEDLINE, EMBASE, The Cochrane Library, CINAHL,

and ClinicalTrials.gov from database origin up to May 17, 2022 for

articles regarding intralesional therapy for cutaneous warts. A

librarian peer review of the EMBASE search strategy was performed,

and keywords included locations such as hand OR facial OR peri-

ungual but not genital, verruca vulgaris OR wart OR verruca, and

intra lesional OR intralesional. Searches were limited to articles

available in English. No age group limits were applied. Only

ClinicalTrials.gov trials that had been completed through January

2023 were included in the analysis.

Study selection and data collection

To ensure the highest quality of evidence, this study only included

randomized controlled trials (RCTs). Exclusion criteria were articles

about animal models, non-HPVerelated verruca, noncutaneous

warts (anogenital warts, oral warts), and article types other than

RCTs. In addition, only RCTs that reported outcomes by treatment

type and number of patients could be included. For example, trials

that reported response by number of warts that responded per pa-

tient were excluded because these response rates could not be

compared with rates reported as number/percentage of patients

treated. Complete response was chosen as the primary outcome

because it is clinically meaningful and the most standardized across

studies. In contrast, partial responses were variably defined and less

comparable across studies.

Two separate reviewers (SAM and ELM) reviewed articles for in-

clusion or exclusion, with a third person (MJW) settling
JID Innovations (2024), Volume 4
disagreement on study inclusion. For data collection, 2 separate

reviewers (2 of ELM, SAM, KTN, TAH, DW, or RLB) abstracted data,

and a third reviewer (SAM) combined these results and settled any

discrepancies through a third review of the article.

Data collected included wart type, treatment type, concentration,

volume, dose, frequency, duration, and number of warts treated per

person; number of patients treated and number lost to follow-up; age

group of patients defined as adult (age �18 years), pediatric, or both;

number and percentage of complete response, partial response, and

no response; adverse effects; and previous treatments. If a treatment

concentration was not given, the standard commercially available

dose was assumed. Concentrations are reported in milligrams per

milliliter (mg/ml) or tuberculin units (ie, TU). Vitamin D concen-

trations were often listed in international units (ie, IU) and then

converted using 1 IU of vitamin D to equal 0.025 mg.

Assessing level of evidence

The Oxford Centre for Evidence-Based Medicine (CEBM) 2009

grading criteria were utilized to evaluate the quality of each study

(Oxford Centre for Evidence-Based Medicine, 2009). Additional data

collected and reviewed included blinding (double blinded, single

blinded, not blinded, or not reported), confidence interval (CI), and

percentage lost to follow-up. Per CEBM criteria, RCTs are either level

1B (individual RCT with narrow CI) or 2B (low-quality RCT) (eg,

<80% follow-up rate). Studies with no blinding or with blinding not

reported are level 2B. A total of 20 studies were 1B, and 42 studies

were 2B. Per CEBM criteria, grade A recommendations are consis-

tent with level 1 studies, and grade B are consistent with level 2 or 3

studies. Because most studies were 2B, the grade of recommenda-

tion for this review is grade B (Table 1).

Analysis

A descriptive analysis was performed to characterize each study.

Quantitative analysis reported the number of times each treatment

was used across studies, the number of times each control was used,

the ranges for treatment regimens, the number of studies in each age

group, the complete response rate range, and the frequency of

adverse effects. The analysis was performed using SAS/STAT software

(version 9.4, ª 2016) of the SAS System for Windows.

RESULTS
Search results

A total of 882 studies were identified, and 507 remained after
deduplication. After screening respective abstracts and titles,
an additional 280 records were excluded. A total of 227 full-
text articles were reviewed, and of these, 62 were chosen for
inclusion in the final analysis (Figure 1). These RCTs ranged
in date from 1974 to 2022 and originated from 12 different
countries.

http://ClinicalTrials.gov
http://ClinicalTrials.gov


Figure 1. PRISMA Diagram. PRISMA diagram defines our final studies included. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses;

RCT, randomized controlled trial.

Table 2. Controls

Type of Control Number of Studies

Intralesional normal saline 21

Cryotherapy 13

Photodynamic therapy/pulsed dye laser 2

Intralesional Water 1

Electrosurgery 1

Microneedling 1

Intralesional Collomak1 1

Abbreviations: MMR, measles, mumps, rubella vaccine; PPD, purified
protein derivative; RCT, randomized controlled trial.

All controls used in RCTs are shown. Some studies compared treatment
groups without a control (eg. MMR vs PPD) and thus are not listed here.
1Collomak: Active ingredients include salicylic acid, acetic acid, decus-
sate sodium, castor oil, pyroxylin, ethanol, acetone, and isobutyl acetate,
depending on pharmacy formulation.
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Description of included studies

A total of 4789 patients were treated across studies, and 21
unique intralesional solitary or combination therapies were
identified. Seven different controls were used across
studies, with intralesional normal saline (n ¼ 21) and
cryotherapy (n ¼ 13) being the most common (Table 2).
Notably, 19% (12 of 62) of studies described previous
therapies undergone by their patients. The most common
statement was that patients had been unsuccessfully treated
with at least 1 therapy, which often varied among patients,
before entering the trial. Wart types most commonly
included verruca vulgaris, followed by verruca plantaris
and verruca palmaris, and least commonly included
verruca plana and periungual warts. Only 4 therapies were
trialed in greater than 10 RCTs: these 4 most common
therapies were MMR (n ¼ 24), PPD (n ¼ 19), vitamin D (n ¼
15), and Candida (n ¼ 14) (Table 3) (Abd-Elazeim et al,
2014; Abd El-Magiud et al, 2020; Agrawal et al, 2018;
Ahmed et al, 2020; Amin et al, 2021; Amirnia et al, 2016;
Awad et al, 2023; Awal and Kaur, 2018; Baaniya et al,
2021; Bhalala et al, 2021; Eldahshan et al, 2022;
ElGhareeb, 2019; El Sayed et al, 2020; Elsayed Ghaly et al,
2021; Fathy et al, 2019; Fawzy et al, 2020; Hodeib et al,
2021; Ibrahim et al, 2022, 2020; Jain and Marfatia, 2021;
Jartarkar et al, 2021; Kareem et al, 2019; Kaur et al, 2021;
Khozeimeh et al, 2017; Khurshid and Pal, 2009; Mehta
et al, 2021; Milante et al, 2019; Mohammed et al, 2021;
Mohta et al, 2022, 2021; Nassar et al, 2022; Nofal et al,
2022a, 2022b, 2022c, 2021a, 2021b, 2020b; Nofal and
Nofal, 2010; Rageh et al, 2021; Rajegowda et al, 2020;
Rezai et al, 2019; Rutnin et al, 2023; Shaldoum et al, 2020;
Wan Ahmad Kammal et al, 2021; Zamanian et al, 2014;
Zainab et al, 2021). The most common therapy, MMR, was
reported in 807 patients across studies. All 4 common
www.jidinnovations.org 3
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Table 3. Most Common Intralesional Therapies

Therapy

Number of
Studies Using

Therapy

Number of
Patients across

Studies1 Type of Warts (Number of Studies)

Dose
Concentration
and Amount

Dose Frequency and
Number of Sessions2

Complete
Response
Rate3

MMR 24 807 vulgaris (13), palmaris (8), plantaris (13),
periungual (7), plana (3), not specified (4)

20e100 IU/ml,
0.1e0.5 ml

Every 2, 3, or 4 wk, 2e8
sessions

27e90%

PPD 19 631 vulgaris (7), palmaris (5), plantaris (8),
periungual (6), plana (2), not specified (3)

2.5e100 TU/ml,
0.1e0.3 ml

Every 1, 2, or 4 wk, 3
e12 sessions

48e87%

Vitamin
D3

15 423 vulgaris (7), palmaris (5), plantaris (11),
periungual (4), plana (2), not specified (1)

2.5e15 mg/ml,
0.1e0.6 ml

Every 2, 3, or 4 wk, 2e8
sessions

40e96%

Candida 14 508 vulgaris (7), palmaris (2), plantaris (9),
periungual (2), plana (3), not specified (0)

0.1e10 mg/ml,
0.1e0.3 ml

Every 2, 3, or 4 wk, 3e6
sessions

25e84%

Abbreviations: MMR, measles, mumps, rubella vaccine; PPD, purified protein derivative; RCT, randomized controlled trial.

All therapies are described in greater than 10 RCTs.
1With complete follow-up (excludes those lost to follow-up).
2Sessions are reported as treatment until complete response or maximum number of sessions.
3Reported as a range from lowest to highest complete response rate.

Table 4. Less Common Intralesional Therapies

Treatment
Number of
Studies

Total Number of
Patients

Bleomycin 6 234

MIP vaccine (Mw) 3 114

5-FU 3 84

Zinc sulfate 2 73

Human serum albumin and lactose 1 64

IFN beta 1 64

IFN alfa-2b 2 56

Mumps, Candida, or trichophyton
antigens

1 54

PPD þ cryotherapy 2 50

Mumps /trichophyton/candida
antigens þ IFN alfa-2b

1 41

Alternating PPD and Candida 1 40

BCG-PSN vaccine 1 40

Intralesional Candida with oral
isotretinoin

1 36

Vitamin A 1 24

HPV vaccine 1 22

IFN alfa-2b þ pulse-dyed laser 1 13

Hydrocortisone acetate 1 6

Abbreviations: 5-FU, 5 fluorouracil; BCG-PSN, Bacillus CalmetteeGuerin
polysaccharide nucleic acid; Candida, Candida antigen; HPV, human
papillomavirus; MIP, Mycobacterium indicus pranii; Mw,
Mycobacterium; PPD, purified protein derivative; IFN, interferons; RCT,
randomized controlled trial.

MIP is formerly known as Mw. All of these therapies are described in less
than 10 RCTs.
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therapies had significantly variable treatment regimens,
making it difficult to compare across studies. Another 18
therapies were trialed in less than 10 studies and are re-
ported in Table 4 (Adalatkhah et al, 2007; Barkat et al,
2018; Choi et al, 2002; Dhakar et al, 2016; Dhar et al,
2009; Ebrahim et al, 2021; Eldahshan et al, 2022;
ElGhareeb, 2019; Ghonemy et al, 2020; Hodeib et al,
2021; Horn et al, 2005; Ibrahim et al, 2022; Kaur et al,
2021; Mohta et al, 2022; Muhammad et al, 2019;
Niimura, 1990; Nofal et al, 2022b, 2022c, 2020a, 2020b;
Sarin and Dfwan, 1974; Soni et al, 2011; Yazdanfar et al,
2008).

Treatment response

Among the 4 most common therapies, vitamin D3 had the
highest reported complete response rate (96%) in a study of
23 adults treated with injection of 0.2 ml of 15 mg/ml vitamin
D every 2 weeks for up to 4 sessions (Zainab et al, 2021). The
next highest response rate was 90% complete response after
treatment with MMR in a study of 19 adults treated with 0.3
ml every 2 weeks for up to 5 sessions (Rutnin et al, 2023). For
PPD, the highest response rate was 87% reported in a study of
15 adults treated with 1 ml of 2.5 TU every 2 weeks for up to
6 sessions (Wan Ahmad Kammal et al, 2021). Finally, for
Candida, the highest response rate was 84% in a study of 50
adults treated with 0.3 ml of 10 mg/ml every 2 weeks for up
to 5 sessions (Nofal et al, 2022a) (Table 3).

Other therapies with greater than 80% response rate
include bleomycin in 4 different studies (Adalatkhah et al,
2007; Dhar et al, 2009; Hodeib et al, 2021; Soni et al,
2011), bleomycin with cryotherapy (Muhammad et al,
2019), Candida in 2 additional studies (Nofal et al, 2021a;
Rageh et al, 2021), PPD with cryotherapy (Ibrahim et al,
2022), HPV vaccine (Nofal et al, 2020a), IFN alfa-2b with
pulsed dye laser (Choi et al, 2002), Mycobacterium indicus
pranii (MIP) vaccine (Kaur et al, 2021), MMR in 6 additional
studies (Baaniya et al, 2021; Mohammed et al, 2021; Mohta
et al, 2021; Nofal and Nofal, 2010; Shaldoum et al, 2020),
PPD in 1 additional study (Rutnin et al, 2023), and vitamin
D3 in 3 additional studies (Amin et al, 2021; Ibrahim et al,
2020; Nofal et al, 2021a).
JID Innovations (2024), Volume 4
Safety profiles

Of the 62 RCTs, almost all (n ¼ 60) reported adverse events
(AEs). Among the 4 most common therapies, the most
frequent AE was injection-site reaction, reported in 90e93%
of studies depending on the therapy. Flu-like symptoms were
the next most common AE, reported in 35e79% of studies,
with the highest rate occurring after Candida. Other less
common AEs included pigment changes, bullae/vesicles,
desquamation, infection, hematoma, necrosis, and nail dys-
trophy (Table 5).
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DISCUSSION
This systematic review summarizes 62 RCTs regarding
intralesional verruca therapies. Previous systematic reviews
and meta-analyses have looked at complete response rates
(both local and distant), recurrence rates, and adverse effects.
Salman et al (2019) performed a network meta-analysis of
only RCTs, including 17 RCTs and 10 intralesional therapies,
and found that PPD (OR ¼ 39.56, 95% CI ¼ 7.13e219.42),
MMR (OR ¼ 17.46, 95% CI ¼ 5.02e60.74), and IFN-b
(OR ¼ 15.55, 95% CI ¼ 2.37e101.85) had the highest
complete response rate at the primary site compared with
placebo. Martin et al (2022) reported on intralesional thera-
pies for plantar warts among 26 studies and 6 therapies,
discussing the median cure rates for vitamin D3 (80%),
bleomycin (74%), 5-FU (59%), Candida (66%), zinc sulfate
(70%), and PPD (67%). Ju et al (2022) reported on intrale-
sional immunotherapies and found a pooled 60.6% (95%
CI ¼ 54.8e66.5%) local complete response rate across
MMR, Candida, vitamin D, PPD, IFN-a, MIP vaccine, bacillus
CalmetteeGuerin (BCG) vaccine, and 8 other therapies.
Unique to their study is a reported pooled recurrence rate of
2.0% (95% CI ¼ 1.1e2.9%). In addition, they found AEs in
51 of 54 studies, with pain and flu-like symptoms being the
most common, similar to this study’s findings (Ju et al, 2022).
Despite previous reviews on this topic, this study includes
information on more RCTs (many published after the most
recent systematic review) and more treatments, including less
common therapies such as bleomycin, 5-FU, and HPV vac-
cine. This study found response rates similar to those of
previous studies but also highlighted the breadth of studied
therapies and lack of RCT evidence.

MMR was the most commonly trialed therapy, and 6
studies of different regimens showed MMR to have a signif-
icantly higher complete response rate or complete response
plus partial response rate than cryotherapy or normal saline
(Abd El-Magiud et al, 2020; Agrawal et al, 2018; Awal and
Kaur, 2018; Nofal and Nofal, 2010; Rezai et al, 2019;
Zamanian et al, 2014). The highest rate of complete response,
90%, was achieved using 0.3 ml every 2 weeks for up to 5
sessions (Rutnin et al, 2023). When compared with other
therapies, 0.1 ml of MMR every 2 weeks for up to 5 sessions
was shown to have a significantly higher complete response
than Candida but no difference compared with BCG vaccine
(P ¼ .03, P > .5) (Eldahshan et al, 2022). However, 2 separate
RCTs found the same dose, frequency, and number of treat-
ments of MMR to be not significantly more efficacious than
Candida or PPD (P > .05 and P ¼ .853) (Fawzy et al, 2020;
Nofal et al, 2021a). Again, when MMR was compared with
PPD, the same dose and frequency of MMR with only up to 4
Table 5. Adverse Effects

Therapy Injection-Site Reaction Flu-like Symptom

MMR (n ¼ 24) 92% (N ¼ 22) 46% (N ¼ 11)

PPD (n ¼ 19) 90% (N ¼ 18) 35% (N ¼ 7)

Vitamin D3 (n ¼ 15) 93% (N ¼ 14) —

Candida (n ¼ 14) 93% (N ¼ 13) 79% (N ¼ 11)

Abbreviations: MMR, measles, mumps, rubella vaccine; PPD, purified protein

n ¼ number of studies including each respective therapy that reported any adve
number of studies reporting specific adverse effects for each of the most comm
sessions was found to be equally efficacious compared with
PPD (P ¼ .917) (Bhalala et al, 2021). A different dose of
MMR, 0.3 ml every 2 weeks for up to 5 sessions, was found to
have a higher complete response and lower adverse effects
than PPD, but there was no statistical significance between
the groups (P ¼ .135) (Rutnin et al, 2023). One RCT
comparing MMR dosed as 0.3 ml every 3 weeks for up to 6
sessions compared with vitamin D found that both are well-
tolerated, effective, and cost-effective, with no statistically
significant difference between the 2 groups (P ¼ .889)
(Shaldoum et al, 2020).

PPD was the second most common therapy. PPD across
many studies was dosed on the basis of a widely accepted
protocol that requires a previous intradermal injection of 0.1
ml of PPD and measurement of the reaction in millimeters
(mm) 48e72 hours later. Intralesional PPD for treatment of
verruca is later injected at a range of 0.1e0.3 ml — 0.3 ml if
the PPD test reaction was 5e9 mm, 0.2 ml if the reaction was
10e15 mm, and 0.1 ml if the reaction was >15 mm. Assume
this regimen in the discussion unless otherwise noted. PPD at
various regimens has 4 studies showing its superiority to
cryotherapy or normal saline (Abd-Elazeim et al, 2014;
Amirnia et al, 2016; Ibrahim et al, 2022; Wan Ahmad
Kammal et al, 2021). The highest rate of complete
response, 87%, was achieved using 1 ml of 2.5 TU injected
into the largest wart every 2 weeks for up to 6 sessions (Wan
Ahmad Kammal et al, 2021). As mentioned previously, 0.1
ml of PPD every 2 weeks for up to 5 sessions was shown to
have a complete response rate similar to MMR and Candida
in an RCT comparing all 3 therapies. One unique RCT trialed
0.1 ml PPD every 2 weeks for up to 6 sessions or 0.1 ml of 1/
1000 solution of Candida every 2 weeks for up to 6 sessions
compared with a regimen alternating the 2 therapies and
found that the difference in therapeutic response (complete
response and partial response) was statistically significant
when alternating PPD and Candida versus either agent alone
(P < .0001) (Nofal et al, 2020b). In another interesting RCT,
PPD was trialed every 2 weeks up to 12 sessions in patients
with multiple verruca as a single injection into the largest
lesion versus injection into every verruca, and multiple in-
jections were shown to have a significantly higher rate of
complete clearance (Milante et al, 2019). PPD every 2 weeks
for up to 3 sessions was shown to have a lower complete
response than 0.2 ml vitamin D3 (300,000 IU, 7.5 mg/ml)
monthly for up to 3 sessions (50 vs 70%) and required more
sessions to see a complete response. No analysis compared
the 2 therapies’ response rates with each other; rather, the
reference group was normal saline (Elsayed Ghaly et al,
2021). No other RCT looked at just PPD and vitamin D, but
s Dyspigmentation Bullae/Vesicles Desquamation

4% (N ¼ 1) — —

25% (N ¼ 5) 20% (N ¼ 4) 5% (N ¼ 1)

20% (N ¼ 3) 7% (N ¼ 1) —

7% (N ¼ 1) 14% (N ¼ 2) 7% (N ¼ 1)

derivative.

rse effects. N ¼ number of studies reporting that specific adverse effect. The
on therapies is shown.
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an RCT comparing 0.1 ml of PPD every 2 weeks for up to 4
sessions with vitamin D3 and with MMR found no statistical
difference in response rates (P ¼ .676) (Jain and Marfatia,
2021).

Vitamin D3 was the third most common therapy, and
various regimens were shown in 3 studies to be superior to
Collomak, normal saline, and cryotherapy (Ibrahim et al,
2020; Kareem et al, 2019; Zainab et al, 2021). The highest
rate of complete response, 96%, was achieved using 0.2 ml
of 15 mg/ml suspension every 2 weeks for up to 4 sessions
(Zainab et al, 2021). However, 1 RCT showed 0.2e0.4 ml of
0.5 mg/ml vitamin D3 every 3 weeks for up to 3 sessions to
be not significantly superior to cryotherapy (Amin et al,
2021). One RCT looked at vitamin D3 and photodynamic
therapy versus Collomak, and although it did not directly
compare vitamin D3 with photodynamic therapy, it found
that vitamin D3 required half the number of treatments as
photodynamic therapy (Ibrahim et al, 2020). Vitamin D3 at
0.6 ml of 2.5 mg/ml every 3 weeks for up to 3 weeks had a
higher complete response rate than Candida (P ¼ .021) (Fathy
et al, 2019).

Candida has been discussed earlier in comparison with
MMR, PPD, and vitamin D3. The highest rate of complete
response, 84%, was achieved using 0.3 ml of 10 mg/ml
suspension every 2 weeks for up to 5 sessions (Nofal et al,
2022a). Candida in various regimens had a statistically
significantly higher complete response rate than cryotherapy
(Khozeimeh et al, 2017) and normal saline (Khurshid and Pal,
2009; Nassar et al, 2022). Nofal et al (2022c) studied a new
regimen combining Candida and oral isotretinoin versus
either alone and found significantly higher response in the
Candida group (56%) than in oral isotretinoin (44%) or the
combination therapy group (39%) (P ¼ .003).

Less common therapies of particular interest are bleo-
mycin, 5-FU, and HPV vaccine because of their historic use
in dermatology or emerging interest. The MIP vaccine was
trialed in 3 RCTs (Dhakar et al, 2016; Kaur et al, 2021;
Mohta et al, 2022), but this therapy is not available in the
United States. Although bleomycin was mentioned in mul-
tiple studies in the search results, many were excluded
owing to lack of randomization, leaving only 6 RCTs
reporting bleomycin efficacy (Adalatkhah et al, 2007; Barkat
et al, 2018; Dhar et al, 2009; Muhammad et al, 2019, 2019;
Soni et al, 2011). Bleomycin is shown in these RCTs to be
superior to cryotherapy and normal saline. Although 5-FU is
an interesting option owing to its widespread availability
and provider experience with the medication, only 3 studies
used 5-FU (Ghonemy et al, 2020; Hodeib et al, 2021;
Yazdanfar et al, 2008). 5-FU given as 4 ml of 50 mg/ml
solution mixed with 1 ml of 20 mg/ml lidocaine and 0.0125
mg/ml epinephrine every week for up to 4 sessions was
superior to saline control (P < .05) (Yazdanfar et al, 2008).
Notably, all 3 studies including 5-FU reported injection-site
pain as a major adverse effect, explaining why it was
combined with lidocaine in 1 study (Yazdanfar et al, 2008).
Hodeib et al (2021) compared bleomycin, 5-FU, and
Candida and found bleomycin to have a higher complete
response rate than Candida (P ¼ .001) and 5-FU (P ¼ .009).
The only RCT regarding HPV vaccine compared HPV given
intralesionally as 0.1e0.3 ml until blanching every 2 weeks
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for up to 6 sessions with a 3 dose series of 0.5 ml intra-
muscular HPV and found no significant difference in
response (P ¼ .287) (Nofal et al, 2020a).

Combination therapies, including intralesional therapy, are
emerging options, and 4 RCTs describing combination ther-
apies were identified in this study. Intralesional Candida
combined with oral isotretinoin had a 39% complete
response rate compared with 44% in oral isotretinoin alone
and 56% with Candida. Candida alone was statistically su-
perior to the other therapies (Nofal et al, 2022c). Two studies
trialed intralesional PPD in the largest wart compared with
cryotherapy for all warts plus intralesional PPD in the largest
wart and found no significant difference in response rates.
However, both found a shortened time to clearance in the
combination group (Awad et al, 2023; Ibrahim et al, 2022). A
combination of IFN alfa-2b with pulsed dye laser had a sta-
tistically significant higher clearance rate than either therapy
alone (Choi et al, 2002). Finally, adding IFN alfa-2b to
intralesional Mumps, Candida, or Trichophyton antigens did
not improve response compared with injection of antigens
alone (Horn et al, 2005).

Intralesional immunotherapeutic agents work by intro-
ducing an antigen to promote T-cellemediated immunity
nonspecifically against HPV, resulting in clearance of HPV at
local and distant sites (Awad et al, 2023; Ju et al, 2022). More
specifically, these therapies result in (i) delayed hypersensi-
tivity reactions against HPV, (ii) trauma induced by injection,
and (iii) proliferation of peripheral mononuclear cells that
then promote T helper 1 (Th1) cell cytokine responses (Abd-
Elazeim et al, 2014). Some more specific mechanisms of
commonly studied immunotherapies are defined. For
example, MMR stimulates the Th1 response to increase IL-2,
IL-4, IL-5, and TNF-a (Mohta et al, 2021). HPV vaccine may
promote clearance of warts in part owing to overlap between
the vaccine targets and the HPV strain type(s) causing the
warts. In addition, evidence suggests that the HPV vaccine
promotes immunity to a capsid antigen common among most
HPV strains (Nofal et al, 2020a). PPD is nonspecifically
immunogenic, similar to MMR, and is also known to increase
Th1 signaling and cytokine levels (Abd-Elazeim et al, 2014).
Candida’s mechanism of promoting wart clearance is less
studied but likely related to immunogenicity similar to those
of PPD and vaccines. Vitamin D is effective owing to its
antiviral effects, such as activation of toll-like receptors and
release of reactive oxygen species, and by regulation of
epidermal proliferation and differentiation, such as promo-
tion of keratinocyte apoptosis (Mohta et al, 2021; Shaldoum
et al, 2020).

Although AEs were frequently reported, almost all were
mild and transient. No RCTs recommended against future use
of a therapy owing to side effects. A few RCTs utilized unique
strategies to mitigate side effects, such as combining the
intralesional injection with lidocaine and epinephrine or
giving antipyretics after for symptomatic relief. The side ef-
fects seen were often related to injection-site reactions that
can occur with any injectable therapy, including pain at the
injection site, swelling, and redness. Notably, Dhar et al
(2009) describe that pain was shorter in their bleomycin
group than in their cryotherapy group, which tended to report
pain for hours after treatment. Intralesional normal saline
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resulted in a complete response in some patients, which
Agrawal et al (2018) propose can be explained by the trauma
itself activating a strong, nonspecific immune response,
including macrophages, T helper cells, neutrophils, and
natural killer cells. The injection trauma and administration
of fluid as well as the local immune response to the specific
immunotherapy injected may also explain the formation of
bullae/vesicles and desquamation. Hyperpigmentation and
hypopigmentation are caused by local inflammatory re-
actions resulting in postinflammatory dyspigmentation. Dys-
pigmentation was more extreme in cryotherapy-treated
patients than in intralesional bleomycinetreated patients in
Dhar et al (2009)’s study. Flu-like illness, possibly the most
adverse systemic effect, is possibly due to release of antigens
into circulation and the resulting immune response
(ElGhareeb, 2019).

CONCLUSION
Warts are very common, with various treatment strategies
employed in the clinic, including destructive modalities,
immunotherapy, and intralesional approaches such as those
reviewed in this paper. Although over 500 articles pertaining
to intralesional therapy of warts were identified, less than
10% were RCTs. Even the most common treatment studied,
MMR, had less than 1000 patients across all trials. Response
rates and treatment regimens of the most common therapies
varied significantly. Importantly, although warts are most
common in children, few studies focused on a pediatric
population. This study identified the need for multi-
institutional RCTs with standardized treatment regimens in
children and adults.
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