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Review Article 

Combination therapy for the treatment of cutaneous 

and genital warts 

 
Introduction 

Wart is a benign proliferation of mucocutaneous 

tissue that is caused by infection of basal 

keratinocytes by HPV. Nowadays, over 150 

subtypes have been identified that can cause 

cutaneous or genital warts.
1,2

 

Choice of treatment depends upon various 

factors such as characteristics of patients (age 

and immunologic status), clinical features of the 

lesions (site, size, number, subtype and response 

to prior treatments) and characteristics of 

therapeutic modalities (efficiency, recurrence 

rate, availability, affordability, duration of 

treatment course and safety profile) and patients’ 

tendency to treatment.
3
 Current treatment 

modalities, especially traditional ones are time 

consuming, and have high recurrence rates, 

which can be frustrating, and lead to lower rates 

of patient's adherence to treatment. Therefore, 

searching for the best treatment approaches that 

can enhance efficacy, hasten response rates, 

have acceptable safety profile and reduce 

recurrence is always armament. Evidence-based 

studies demonstrated that combination therapy 

can result in superior outcomes along with faster 

response rates and lower recurrence rates that 

are essential factors in increasing patients' 
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Abstract Evidence-based studies demonstrated that combination therapy can optimize treatment efficacy 

along with faster response rates and lower recurrence rates which are essential factors in increasing 

patients' adherence to treatment. In this review, we discuss effectiveness, safety and recurrence 

rates of various combination therapies in the treatment of cutaneous and genital warts in detail. We 

searched literature with related keywords. Inclusion criteria were randomized clinical trials (RCTs) 

that investigated efficacy of combination of two or more treatments on various types of cutaneous 

and genital warts since January 2000 up to August 2023. Thirty articles were enrolled to final 

investigation. Adjuvant of destructive methods to other therapeutic options was the most common 

combination therapy in the treatment of warts. Cryo-immuno-therapy is an effective therapeutic 

method in the treatment of wart that can boost immune system response against human papilloma 

virus (HPV). This combination therapy demonstrated rapid remission of the both treated and distant 

untreated lesions, and reduces risk of recurrence. Application of topical destructive methods prior 

to laser leads to rapid remission and reduces treatment cost as well. Combination of laser with 

immunologic therapies can be especially effective in recalcitrant warts (i.e. periungual lesions). 

Combination therapy can particularly be recommended in immunocompromised patients and those 

with refractory warts that demonstrated poor response to other treatment options. 
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adherence to treatment.
1-5

 In this review we 

discuss effectiveness, safety and recurrence rates 

of various combination therapies in the 

treatment of cutaneous and genital warts in 

detail. 

Methods 

We searched Pubmed, Scopus, Web of Science, 

Medline, Cochrane library and Google scholar 

with keywords of "wart" OR "verruca" OR 

"genital wart" OR "condylomata acuminata" OR 

"cutaneous wart" AND 'combination" OR 

"adjuvant" OR "treatment". Inclusion criteria 

were randomized clinical trials (RCTs) that 

investigated efficacy of combination of two or 

more treatments on various types of cutaneous 

and genital warts since January 2000 up to 

August 2023. Exclusion criteria were non-RCTs, 

case reports, case series, and articles that were in 

languages other than English or on non-human 

subjects or those which evaluated efficacy of 

treatment on internal genital warts. After initial 

literature search, one-hundred and fifty-six 

articles were achieved. Firstly, the abstracts of 

articles were evaluated by two authors for 

eligibility. Fifty-eight articles were selected and 

evaluated based on manuscript. After exclusion 

of duplicated articles or those that were not met 

by inclusion criteria, thirty articles were enrolled 

to final investigation. The results of search 

strategy are demonstrated in Figure 1. Detail of 

articles including author's name, study design, 

demographic features of patients, therapeutic 

methods, final outcome, possible side effects, 

follow up period and recurrence rates were 

extracted from articles and illustrated in Table 

1. 

Results 

Existing literature shows that combination of 

destructive methods with other treatments were 

the most common combination therapies in the 

treatment of warts. Destructive therapies include 

physical (cryotherapy, lasers, microneedling and 

electroporation) and chemical [cantharidin and 

trichloroacetic acid (TCA)] options. Adjuvant 

treatment options include intralesional (IL) 

candida antigen, IL Purified Protein Derivative 

(PPD), zinc (systemic and topical), topical 5-

fluorouacil (5-FU), podophyllin/ 

podophyllotoxin, topical cantharidin and oral 

isotretinoin.
4-25

 

Cryotherapy is the first-line of treatment that has 

cytodestructive effects and leads to necrosis of 

keratinocytes, recruits natural killer cells to the 

treated site, and implies immunomodulatory 

effects. It also induces inflammation that 

stimulates immune system to clear distant wart 

lesions. Four articles were evaluated to 

demonstrate the efficacy of combined 

cryotherapy and IL immunotherapy (cryo-

immunotherapy) in the treatment of cutaneous 

and genital warts.
4-7 

Cryotherapy was performed 

with liquid nitrogen every other week up to 4-5 

sessions as 10-30 second freeze-thaw cycles (1-3 

cycles) until white ice crystal formed in the 

whole lesion and 1-5mm of margin of the lesion. 

The volume of injection in immunotherapy with 

candida varied from 0.1 cc to maximum of 0.3 

cc. The injection volume in PPD group has 

inverse in association with the size of induration 

in skin pretest; the injected volumes were 0.1, 

0.2 and 0.3 cc in patients with induration sizes of 

more than 15mm, 10-15 mm and 5-9 mm, 

respectively.
4-7 

While, two studies demonstrated 

significantly superior outcomes and faster 

response rates with immuno-cryotherapy 

(cryotherapy combined with IL candida/PPD) 

compared to each of these treatments alone;
4,7 

other studies showed no significant difference 

between cryo-immunotherapy (cryotherapy 

combined with IL PPD) compared to 

cryotherapy or immunotherapy alone.
5,6

 

However, combination therapy group 

demonstrated lower rates of recurrence 

compared to cryotherapy group.
4,5 

Side effects 

including blister formation and  
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Figure 1 Schematic of the search strategy. 

hypopigmentation were significantly more 

common in combination group compared to 

monotherapy group; however they were 

temporary and resolved without any treatment.
5
 

Four articles were evaluated the efficacy of 

combined cryotherapy with zinc sulfate 

(systemic or topical) in the treatment of  

warts.
8-11 

Two studies revealed significantly 

faster response with combined 2% topical 

niosomal zinc sulfate and cryotherapy compared 

to combined cryotherapy with either placebo or 

conventional zinc sulfate.
8,9 

Whilst combined 

cryotherapy and oral zinc sulfate (10 mg/kg/day, 

up to maximum 600 mg/day) showed no 

significant difference compared to cryotherapy 

as monotherapy regarding efficacy and number 

of treatment sessions.
10,11

 In addition, 

gastrointestinal (GI) side effects were reported 

to be significantly higher in patients who were 

treated with oral zinc sulfate compared to 

control group (68.9% vs. 17.7%, respectively).
10 

Nonetheless, significantly lower recurrence rates 

of genital warts were reported with combination 

of cryotherapy and oral zinc sulfate than 

cryotherapy alone.
11

 

Three studies were evaluated the efficacy of 

combined cryotherapy and topical podophyllin 

in genital warts.
12-14

 Podophyllin is a plant-based 

ingredient that attaches to microtubules inside 

the cells and interrupts cell proliferation and 

induces apoptosis. Combination therapy of 

cryotherapy and topical 25% podophyllin 

demonstrated significantly higher and faster 

remission of genital warts during only two 

treatment sessions in comparison to combined 

TCA and podophyllin, or monotherapy with 

either of them alone (complete clearance of 

72.5%, 62.3%, 37.5%, and 44.3%, 

respectively).
12

 In contrast, two other studies 

showed equal efficacy of combination of 

cryotherapy and topical podophyllin/ 

podophyllotoxin cream with either combined IL 

bleomycin with placentrex gelor combined 

cryotherapy with placebo.
13,14

 

Oral retinoid is an antiproliferative drug and 

powerful immunomodulator that decreases HPV 

replication via increasing epidermal cells 

differentiation and reducing viral transcription. 

Reyna-rodriguez revealed faster recovery and 

lower relapse rate in the treatment of condyloma 

acuminata lesions with adding low dose of oral 

isotretinoin (20 mg/day) to cryotherapy 

compared to cryotherapy alone; however the 

result was not statistically significant. 

Percentages of complete clearance after only 

two weeks of treatment were 53.4% and 20% in 

combination therapy and monotherapy groups, 

respectively.
15

 

5-FU is an anti-proliferative drug that prevents 

HPV replication via suppression of synthesis of 

pyrimidine and thymidine. Luke et al. reported 

no additional efficacy with adding topical 5% 5-

FU (twice a day) to cryotherapy (two cycles, 

over 5 sessions) compared to cryotherapy as 

monotherapy.
16
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Cantharidin induces keratolysis and apoptosis of 

epidermal cells by releasing serine proteases. It 

also has anti-proliferative effects by halting the 

cell cycle. Meymandi et al. compared efficacy of 

combined cryotherapy with topical cantharidin 

versus combined cryotherapy with placebo. 

Although there was no significant difference 

regarding complete regression of warts between 

the two groups at the end of treatment; however, 

faster improvement was reported in cantharidin 

group compared to placebo group. Complete 

clearance after three sessions of treatment was 

58.1% and 14.5% in combination therapy and 

monotherapy groups, respectively.
17

 

Lasers were the second most common 

destructive methods, including neodymium-

yttrium-aluminum- garnet (Nd: YAG), erbium-

doped yttrium-aluminum-garnet (Er: YAG), 

diode, pulsed dye laser (PDL) and carbon 

dioxide (CO2) laser.
18-23

 In-situ photo-

immunotherapy (ISPI) is a unique therapeutic 

method that recently has been used in the 

treatment of various types of cancers and 

infections. It is a novel combination therapeutic 

strategy that boosts cell mediated immune 

system via synergistic effects of 

immunomodulation and photothermia on 

immune system. This combination therapy can 

augment antigen presentation to cytotoxic CD8 

T cell to eradicate infected keratinocytes.
18

 Shi 

et al. evaluated efficacy of combined local 

phototherapy (using diode laser) and topical 5% 

imiquimod compared to topical imiquimod 

alone. Significantly higher response rates and 

reduction in size of the lesions were reported in 

combination therapy group compared to 

monotherapy group. Complete remissions were 

reported 61.1% and 32.4% in combination 

therapy and monotherapy groups, respectively.
18

 

PDL eliminates infected epithelia cells by 

destruction of the feeding blood vasculature in 

papillary dermis and stimulation of immune 

system. Nd: YAG laser employs both 

photothermal and photomechanical effects that 

leads to coagulation of feeding vasculature in 

papillary dermis and explosion of infected 

keratinocytes. This leads to more exposure of 

HPV antigen to immune system that induces 

keratinocytes apoptosis.
19,20 

Two studies showed 

no significant difference regarding final outcome 

between combination of laser (either PDL or Nd: 

YAG) with topical medications (30%SA or 

10%KOH) and laser alone (1-5 monthly 

sessions); however, significantly faster response 

was achieved with combination therapy 

compared to monotherapy groups. Mean number 

of treatment sessions in combination therapy 

was significantly lower (2.2) in comparison to 

monotherapy group (3.1).
19,20

 In addition, there 

was no significant difference between two 

groups regarding adverse effects.
20 

Another 

study compared the efficacy of combined PDL 

and IL interferon alpha-2b (IFN-α 2b) compared 

to either of these treatments alone.Significantly 

superior outcome and lower recurrence rates 

were reported with combination therapy 

compared to monotherapy groups.
22

 CO2 laser 

and Er: YAG laser lead to physical destruction 

of infected keratinocytes. Both focused and 

defocused modes can be utilized for cutting of 

warts as well as vaporization and maintaining 

hemostasis, respectively. Results of one study 

indicate superior outcomes with combined long-

pulsed Nd: YAG and Er: YAG compared to Er: 

YAG alone with only one treatment session in 

recalcitrant warts. Complete remission was 

reported in 48% and 29% of lesions in 

combination therapy and monotherapy groups, 

respectively (P=008). Side effects were not 

statistically different between two groups, 

except, bullae that were significantly more 

common in combination therapy compared to 

monotherapy group (P=029).
21

 One study shows 

association of higher CD4 T cells, CD4/CD8 

ratio and IL-2peripheral blood levels as well as 

lower levels of CD8 T cells with clearance of 

wart lesions. Moreover, this study found that 
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adding traditional Chinese medicine to fractional 

CO2 laser was associated with higher percentage 

of factors related to eradication of warts 

compared to laser alone.
23

 

Ghonemy et al. showed no difference in 

clearance of warts with combined microneedling 

and topical 5-FU solution, and either IL 5-FU 

(50 mg/cc) or microneedling as monotherapy. 

The combination group demonstrated 

significantly higher reduction in wart’s size 

compared to other groups. In addition, IL 

injection group required significantly higher 

numbers of treatment sessions than other groups. 

Also, higher percentage of patients in injection 

group complained of pain during treatment 

compared to other treatment groups.
24

 

Bleomycin binds to DNA and interferes with 

cell proliferation and induces apoptosis and 

necrosis of infected epithelial cells. Di 

Chiacchio et al. compared efficacy of 

electrochemotherapy [combination of 

electroporation and IL bleomycin (3 mg/cc)] in 

the treatment of ungula warts during one 

treatment session. Whilst, IL bleomycin group 

showed significantly superior outcomes with 

lower response rates; significantly higher 

percentage of side effects(including 

haemorrhagic necrosis and pain) were observed 

in combination therapy compared to 

monotherapy therapy group (91% and 59%, 

respectively).
25

 

Isik et al. compared the efficacy of combined 

topical 0.5% 5-FU and 10% SA to topical 5% 

potassium hydroxide (KOH). They demonstrated 

no significant difference between two groups 

regarding outcome, safety profile and recurrence 

rates.
2
 

Immunotherapy is a popular noninvasive 

therapeutic option that can be effective 

particularly in patients with multiple recalcitrant 

warts, and can clear distant warts.  The treatment 

with it is simple, non-expensive and has a high 

safety profile.
26-28

 Three studies evaluated 

combination of different types of 

immunotherapy in the treatment of warts. Horn 

et al. compared the efficacy of combined IL 

immunotherapy (using Mumps, Candida, and 

Trichophyton) plus IFN-α-2b, to IL 

immunotherapy plus IL normal saline or each of 

these treatments alone. Significantly superior 

outcomes were demonstrated with combination 

therapy regarding clearance of treated warts and 

distant warts, compared to monotherapy with 

IFN-α-2b or placebo. However, there was no 

significant difference between combined 

immunotherapy and IFN-α 2b with 

immunotherapy alone. Side effects were fever, 

myalgia, edema and erythema that were resolved 

after 24 hours with antipyretics and cold 

compress. There was no significant difference 

between groups regarding side effects.
26

 Nofal et 

al. demonstrated superior efficacy along with 

lower recurrence rates with triple IL antigen 

immunotherapy [including PPD, candida 

antigen and measles–mumps–rubella (MMR) 

vaccine] compared to either of them as 

monotherapy; however the results were not 

statistically significant.
27

 Fawzy et al. 

demonstrated no additional benefits with adding 

human papilloma virus (HPV) vaccine 

(Cervarix/ Gardasil) to candida antigen in 

patients with condyloma acuminata compared to 

candida antigen alone.
28

 

Imiquimod acts through effects on toll-like 

receptors and boosts the immune system 

response via up-regulation of inflammatory 

cytokines related to TH-1 (IFN-α, TNF-α, IL-

12). Stefanaki et al. showed no significant 

difference between combined topical 5% 

imiquimod and 15% SA solution 

withcryotherapy. However, plantar warts 

showed significantly higher response rates with 

combination therapy compared to cryotherapy 

(83.3% vs. 30%, respectively).
29 
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Table 1 Results of the reviewed literature.  
First 

author 

(year) 

Design Age M/F 

Clini

cal 

type 

Study Control Result (%) S/E (%) F/UP (RR, %) 

Attwa 

(2020)4 
Prospective 

RCT 

18-68 

(32.85 ± 10.79) 

25/3

5 

VV Cryotherapy + IL 

candida antigen  

(every 2 W, 

maximum, 5 sessions) 

C1: 

Cryotherapy 

C2: IL Candida antigen 

CR: 

S: 40 

C1: 25 

C2: 20 

S: Erythema: 90, 

Hypopigmentation: 40, 

Peeling: 55, Bullae: 95 

Fever/ myalgias: 75, C1: 

Erythema/ edema: 25, Pain: 

95, Hypopigmentation: 15, 

Peeling: 20, Bullae: 70,  

C2: Erythema: 45, Edema: 

85, Pain: 100, 

ypopigmentation: 5, Peeling: 

30, Fever/ myalgias: 65, 

Headache: 80 

3 mo 

(S: 10 

C1: 20 

C2: 10) 

Awad 

(2023)5 

Prospective 

RCT 

 

31.50 ± 12.2 336/

14 

VV Cryotherapy + IL PPD  

(every 2 W until 

maximum 4 sessions) 

IL PPD CR: 

S:44 

C: 48 

Pain, Erythema, Edema, 

Blister, Hypopigmentation 

2 mo 

(S: 0 

 C: 20) 

Moubash

er 

(2021)6 

Prospective 

RCT 

 

NS 45 

(NS

) 

CA Cryotherapy + IL PPD C1: 

IL PPD  

C2: cryotherapy 

(every other W for 4 

session) 

CR: 

S:46.7 

C1:13.3 

C2: 26.7 

NS No 

Ibrahim 

(2021)7 
Prospective 

RCT 

S: 23.68 ± 11.1 

C1:24.00 ± 2.5 

C2: 23.36 ± 9.9 

 

37/3

8 

VV 

 

Cryotherapy + IL PPD C: 

Cryotherapy (cryogen,  

every 2 W until maximum 

4 sessions) 

C2: 

IL PPD 

(0.1 cc, every 2 W until 4 

sessions) 

CR: 

S: 84 

C1: 28 

C2: 48 

S: Pain (100), Edema (8), 

Swelling (8), 

Hypopigmentation (4),  Flu 

like (4) 

C1: Pain (100), Edema (32), 

Hypopigmentation (32),  

Swelling (8),  

C2: Pain (100), Erythema 

(20), Edema (8), Flu like 

manifestations (4) 

No 

Mahmou

di 

(2018)8 

Prospective 

RCT 

Double-blind 

Placebo-controlled 

S: 45 ±6.60 

C:39 ±7.47 

40/4

3 

VV 

 

Cryotherapy (every 3 

W)+ oral zinc sulfate 

(10 mg/kg/d, 

maximum: 600 mg/d) 

Cryotherapy + placebo CR 

S:68.4 

C:63.9 

S: Nausea (68.9), Vomiting 

(17.7), Epigasteric pain 

(17.7) 

C: GI adverse effects (5.1) 

6 mo 

(S:7.9, C:16.6) 

Farajzad

eh 

(2018)9 

Prospective 

RCT 

Double-blind 

 

 S:26.70

±9.77  

C: 

28.8±8.

84 
 

31/2

9 

VV Cryotherapy (every 2 

W) + 2% niosomal 

zinc sulfate cream 

(twice a d)  

Placebo with cryotherapy 

(every 2 W) 

CR: 

S: 60 

C: 43.3 

S: Pain (52), Blister (46.9), 

Pruritus (71.4),  

Hypopigmentation (57.1), 

PIH (46.2), C: Pain (48), 

Blister (53.1), Pruritus 

(28.6), Hypopigmentation 

(42.9), PIH (53.8) 

No 
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First 

author 

(year) 

Design Age M/F 

Clini

cal 

type 

Study Control Result (%) S/E (%) F/UP (RR, %) 

Khalili 

(2022)10 

Prospective 

RCT 

Double-blind 

 

S:26.53±8.25  

C: 28.0±9.52 

25/3

5 

VV 

 

Cryotherapy (every 2 

W)+ 2% niosomal zinc 

sulfate suspension 

(twice a d) 

Conventional 2% zinc 

sulfate + cryotherapy 

CR:  

S: 93.3 

C: 93.3 

S: Pain (83.3), Blister (43.3) 

Pruritus (40), 

Hypopigmentation(16.7), 

PIH (13.3) 

C: Pain (80), Blister (46.7) 

Pruritus (20), 

Hypopigmentation (16.7), 

PIH (16.7) 

3 mo 

(S:10, C: 13.3) 

Akhavan 

(2014)11 
Prospective 

RCT 

Single-blind 

 

20-50 y 0/ 

228  

CA 

 

Cryotherapy + oral 

zinc sulfate 

 

20% Podophyllin solution 

(once a w for 8 W), 

Imiquimod (3/W, for 8 

W), Cryotherapy 

No significant 

difference in 

response 

NS 6 mo 

(significantly lower 

RR in combination 

groups compared to 

monotherapy groups) 

Sherrad 

(2007)12 
Prospective 

RCT 

 

S: 25.7 

C1: 25.4 

C2: 25.4 

C3: 26.8 

C4: 26 

409 

(NS

) 

CA Cryotherapy + topical 

25% podophyllin 

C1:Topical podophyllin 

25%, C2: TCA 

C3: Cryotherapy 

C4: TCA + podophyllin 

25% 

CR: S: 100, C1: 

82.1,  

C2: 84.5 

C3: 92.4 

C4: 94 

C1: irritation (1.3) 

C3: intolerable pain (1.2) 

No 

Mahajan 

(2013)13 
Prospective 

RCT 

 

S: 27.6 ± 9.64 

C: 29.56 ± 9.06 

43/1

7 

CA Cryotherapy + topical 

20% podophyllin 

IL bleomycin + topical 

5% placentrex gel 

CR: 

S: 80 

C: 83.3 

S: Burning/stinging (46.6) 

Pain (23.3), Bleeding (16.6) 

Irritation (6.6), Edema (36.6) 

Infection (16.6), 

Desquamation (33.3), 

Hypopigmentation (63.3), 

Scar (6.6); C: Burning 

(66.6), Pain (70), Bleeding 

(56.6), Irritation (16.6), 

Edema (43.3), 

Hypopigmentation (10) 

3 mo 

S: 6.6 

C: 0 

Gilson 

(2023)14 
RCT 

double-blind 

placebo-controlled 

18-58 

(26) 

91/4

9 

CA Cryotherapy, (I/W, 12 

W)+ Podophyllotoxin 

0.15% cream (BID, 

III/W, 4 W) 

Cryotherapy+ placebo 

cream 

CR: 

S: 60 

C: 45.7 

S:,  

Pain: 34.3 

C: 

Pain: 18.6 

3 mo 

(S: 16.7 

C: 18.8) 

Reyna-

Rodrigue

z 

(2020)15 

Prospective 

RCT 

Single-blind 

 

21-52 41/5 CA Cryotherapy + 

isotretinoin (20 mg/d 

for 45 d) +  

Cryotherapy (every 2 w 

until 3 sessions) 

CR:  

S:65.2 

C:65.2 

 

S: Pain: 47.8, Blister: 26.1 

Ulcer: 4.3, PIH: 100 

LFT abnormalities: 4.3 

C:, Pain: 30.4, Blister: 13, 

Ulcer: 21.7, PIH: 100, LFT 

abnormalities: 4.3 

22 w 

(S: 20,  

C: 42.9) 

Luke 

(2006)16 
RCT 

Double-blind 

15-75 

(S: 39.3, C: 36) 

33/4

7 

VV Cryotherapy+ Topical 

5% 5-FU (II/d) 

Cryotherapy, (2-cycle, 

every 3 W, maximum 5 

sessions) 

CR:  

S: 30 

C: 42.5 

S: Blister: 52.5, Pain: 47.5 

C: Blister: 35, Pain: 27.5 

No 
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First 

author 

(year) 

Design Age M/F 

Clini

cal 

type 

Study Control Result (%) S/E (%) F/UP (RR, %) 

Meyman

di 

(2017)17 

Prospective 

RCT 

Double-blind 

Placebo-controlled 

5-52 69/4

1 

PP, 

VV 

Cryotherapy (every 

2W) + topical 

cantharidin solution 

(I/d, 6 W) 

Cryotherapy+ placebo CR:  

S:100 

C:100 

 

S:, Hypopigmentation (29.1) 

PIH (41.8), Pain(61.8), 

Blister (50.9), Atrophic scar 

(9.1), Itching (12.7), 

Hypertrophic scar (7.3) 

C: Hypopigmentation (10.9), 

PIH (45.5), Pain (78.2), 

Blister (32.7), Atrophic scar 

(29.1), Itching (9.1), 

Hypertrophic scar (6.3) 

3 mo 

(S:32.7, 

C:36.4) 

Shi 

(2023)18 
RCT 12-61 

(33.8 ± 12.9) 

78 

(NS

) 

VV, 

FW, 

PW 

Diode laser (I/w, 5w, 

WL, 808 nm; spot, 2 

cm2; 900 J/cm2; time, 

600 s) +  topical 5% 

imiquimod  

Imiquimod 5% (I/d, 5d/w, 

42d) 

S: 61.1 

C: 32.4 

S: Erythema: 66.7, Erosion: 

52.8 

C: Erythema: 38.2, Erosion: 

23.5 

6 mo 

(0) 

Akarsu 

(2005)19 
Prospective 

RCT 

Single-blind 

9-54 

(22.05) 

14/5 VV 

 

PDL 

(WL: 585 nm, PD: 

350µs, spot: 5mm, F: 

6-9 J/CM2, margin: 5 

mm) + 30% SA (BID 

for 5 d)  

 

PDL 

(1-5 monthly sessions) 

CR: 

S: 69.7 

C:66.6 

S: Erythema: 100, 

Blister:6.06, PIH:9.09, 

Hypertrophic scar: 3.03, 

Crust: 27.27, Scar: 9.09 

C: Erythema: 100, 

Blister:9.09, PIH:6.06, 

Crust:18.18, Scar:6.06 

No 

Khattab 

(2019)20 
Prospective 

RCT 

Comparative 

 

9-54 

(22.05) 

28/1

0 

VV, 

PP 

 

Long-pulsed Nd:YAG 

+ 10% potassium 

hydroxide (nightly) 

Paring + Long-pulsed 

Nd:YAG 

(5 sessions, monthly 

intervals,  

spot: 5mm, PD: 10 mm,  

F: 120 J/cm2 

margin: 1 mm) 

CR: 

S:78.7 

C: 69.7  

S: Blister (6.06), Crust 

(27.27), Scar (9.09 VS), 

Hyperpigmentation (9.09), 

Hypertrophic scar (3.03), 

Blister ( 9.09), Crust (18.18), 

Scar (6.06), 

Hyperpigmentation, (6.06), 

Hypertrophic scar (0) 

6 mo 

(0) 

Jiryis 

(2023)21 
Prospective 

RCT 

 

12-72 

(34.67) 

12/1

2 

PP 

PU 

VV 

Long pulsed Nd:YAG 

(spot size 

of 2 or 6 mm, PD, 15–

45,  

ms; F, 

70–350 

J∕cm2, one session) + 

Er:YAG 

Er:YAG 

(spot size of 1–4 

mm, 2 Hz, 5.5–11.1 

J/ 

cm2, one session) 

CR: 

S:48 

C:29 

S: Crust: 100, Blister: 5, 

PIH: 2.5, Hypopigmentation: 

1.7, Hypertrophic scar: 3.3  

C: Crust: 100, PIH: 5, 

Hypopigmentation: 3.3, 

Hypertrophic scar: 3.3 

5 w 

Choi 

(2002)22 
Prospective 

RCT 

Comparative 

 

5-62 

 

23 PU PDL + IL IFN-α 2b  

(3 weekly sessions) 

 

C1: IL IFN-α 2b 

C2: Paring + PDL 

(WL: 585, spot: 5 to 7 

mm, F: 8 J/cm2, PD: 450 

CR: 

S:92.3 

C1: 50 

C2: 0 

NS 6 mo 

(S: 8.3 

C1:20 

C3:NS) 
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First 

author 

(year) 

Design Age M/F 

Clini

cal 

type 

Study Control Result (%) S/E (%) F/UP (RR, %) 

μs, pulse No: 2, overlap: 1 

to 2 mm, margin: 2 mm) 

Xu 

(2020)23 
Prospective 

RCT 

 

23-70 

(38.7 ±11) y 

84/5

7 

CA CO2 laser  + 

Oral traditional 

Chinese medicine )  

CO2 laser Significantly 

higher RR in 

monotherapy 

compared to 

combined therapy 

NS 6 mo 

(S:25.7, C: 40.8) 

Ghonem

y 

(2020)24 

Prospective 

RCT 

 

18-60 52/3

8 

PP Microneedling+ 5-FU 

solution (under 

occlusion for 3 h) 

Every 2 weeks 

Maximum: 6 sessions 

C1: Microneedling 

(dermapen, depth: 2 mm) 

C2: IL 5-FU 

(500 mg/10 cc, 0.1 cc, 4 

mg/each lesion, 

maximum: 2cc/session+ 

superficial paring with 

blade 

CR: 

S: 86.7 

C1:70 

C2:76.7 

 

S: Pain (20)  

C1: Pain (23) 

C2: Pain: (43.4), 

Hemorrhagic Eschar (56.7) 

 

6 mo 

(0) 

 

Di 

Chiacchi

o 

(2019)25 

Prospective 

RCT 

Double-blind 

19-57 

(36) 

14/3

0 

PP, 

PU 

Electroporation (8 

pulses, 1000 v,/cm2, 

100 µs) 

+ IL bleomycin 

 

IL belomycin, 

Reconstituted with 2% 

lidocaine, 3 mg/cc, 

Volume: 0.1 cc, One 

session 

CR: 

S: 50 

C: 85.7 

 

 

Pain, Necrosis, Onycholysis, 

Inflammation, Infection, 

RSD 

9 mo 

(S:30.4, C: 4.7) 

Isik 

(2014)2 
Prospective 

RCT 

Open-label 

S: 

33.7±9.59 y 

C: 37.0± 9.51 y 

41/1

9 

 

CA 

 

10% SA 

(daily for 12 w)+ 0.5% 

5-FU  

5% KOH solution 

(daily for 12 w) 

CR: 

S: 76.7 

C: 70 

Burning sensation, Erosion 

 

4 weeks 

(S: 10, C: 6.6) 

Horn 

(2005)26 
Prospective 

RCT 

Single-blind 

 

Average age: 

34-40 

84/1

17 

NS Immunotherapy 

(mumps, Candida, or 

Trichophyton) (0.3 cc) 

+IL IFNα-2b 

(106 IU, 0.08 cc) 

C1: Immunotherapy 

C2: 

IFNα-2b 

C3: 

Normal saline 

S: 68 

C1: 54 

C2: 26 

C3: 22 

Fever and myalgia 

S: 73.2, C1: 12.9, C2: 19.6, 

C3: 1.6, Edema/erythema: 

4.5 

 

No 

 

Nofal 

(2022)27 
Prospective 

RCT 

12-67 

(27.15) 

71/8

9 

VV,

PP, 

PW, 

PU 

Combination of IL 

PPD, candida antigen, 

and MMR(0.1 ml 

each, 

every 2 w,  

up to 5 sessions) 

C1: IL PPD (0.3 cc) 

C2: IL candida antigen 

(0.3 cc, 1/100)  

C3: IL MMR (0.3 cc) 

S:  

CR: 77.5 

C1:57.5 

C2:72.5 

C3:62.5 

Pain, Erythema, Blister, 

Edema, Hypopigmentation, 

Flu-like syndrome 

6 mo 

(S:6.45, 

C1:8.7, 

C2:13.8, C3: 12) 

Fawzy 

(2023)28 
Prospective 

RCT 

Single-blind 

20-66 

(36.2 ± 11.31) 

18/6

2 

CA S1: IL bivalent HPV 

vaccine (Cervarix, 0.2 

cc, 1-w interval, 2 

sessions)+ Candida 

S2: IL quadrivalent 

HPV vaccine 

(Gardasil, 0.2 cc, 1-w 

interval, 2 sessions) + 

C1: 

IL Candida antigen 

(0.2 cc, 1/1000 units, 2-w 

interval, up to 3 sessions) 

C2: normal saline 

CR: 

S1: 20 

S2: 60 

C1: 40 

S1: Pain (100), Itching (30), 

Anaphylaxis (5) 

S2:Pain (100), Itching (30), 

Anaphylaxis (5) 

C1: Pain (100), Itching (25) 

C2: Pain (100) 

3 mo 

(0) 
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First 

author 

(year) 

Design Age M/F 

Clini

cal 

type 

Study Control Result (%) S/E (%) F/UP (RR, %) 

Candida 

Stefanaki 

(2015)29 
RCT 2-12 

(8.06 ± 8) 

51/3

5 

VV, 

PP, 

FW, 

PW 

Imiquimod 5% + 15% 

SAsolution (5/W, 3 

mo) 

Cryotherapy 

(every 2W, 3 mo) 

CR: 

S: 81.1 

C: 67.3 

S: Erythema: 2.7 

C: Pain 

 

No 

Akhavan 

(2014)11 
Prospective 

RCT 

Single-blind 

 

20-50 y 0/ 

228  

CA 

 

Oral zinc sulfate (400 

mg/d for 8 w) + 

podophyllin, Oral zinc 

sulfate +  

imiquimod  

20% Podophyllin solution 

(once a W for 8 W), 

Imiquimod (3/W, for 8 

W), Cryotherapy 

No significant 

difference in 

response 

NS 6 mo, (significantly 

lower RR in 

combination groups 

compared to 

monotherapy groups) 

Parsad 

(2001)3 
Prospective 

RCT 

 

5-16 

(12.2) 

10/1

2 

VV, 

PW, 

PP 

Oral levamisole  

(2.5 mg/kg/W)+ 

Cimetidine 

( 30 mg/kg/d) for 12W 

Oral cimetidine 

 (30 mg/kg/d) 

CR: 

S: 65 

C: 31.6 

S: 

Metallic taste:5% 

Nausea:10% 

No 

Fathy 

(2020)30 
Prospective 

RCT 

Single-blind 

S:18-43 

(28.6±8.6) 

C:19-45 

(31±8.6)  

20/2

0 

PP IL combined digoxin+ 

Furosemide 

(every week, 

maximum: 5 sessions, 

0.1 cc) 

IL normal saline CR: 

S: 50 

C: 0 

Pain (100) 

 

5 W 

 

Lofty 

(2022)31 
Prospective 

RCT 

Double-blind 

 

18-50 38/4

2 

VV, 

PP 

 

IL furosemide + IL 

digoxin, Weekly 

interval, Volume: 0.2 

cc (150 µl digoxin and 

50 µl furosemide) 

Maximum: 5 sessions 

IL normal saline CR:  

S: 92.5 

C: 10  

S: Pain (95), Edema(5), 

Hypo (5%) 

C: Pain (45) 

 

6 mo 

(S: 0, C: 50) 

 

Rijsberg

en 

(2019)32 

Prospective, RCT 

Double-blind, 

Placebo-controlled 

Parallel-group 

25.8 ± 10.6 31/4

9 

VV. 

PP 

 

Topical digoxin+ 

furosemide gel 

(0.125%, 5-30 

mg/lesion/d, 42 d) 

C1: Topical digoxin 

C2: Topical furosemide 

C3: Placebo 

CR: 

S: 16 

C1: 15 

C2: 15 

C3: 0 

Nasopharyngitis, Headache, 

Influenza-like illness 

No 

Abbreviations: M, male; F, female; S/E, side effect; F/UP, follow up; RR,relapse rate; RCT, randomized controlled trial;VV, verruca vulgaris;w, week;IL, intralesional; CR, 

complete remission; S, study group; C, control group; mo, month; PPD, purified protein derivative;NS, not stated;CA, condyloma acuminata;d, day, PIH, post inflammatory 

hyperpigmentation; TCA, trichloroacetic acid ; 5-FU, 5-fluorouracil; LFT, liver function test;SA, salicylic acid; PDL, pulsed dye laser; IFN-α, interferon-α; MMR, measles–

mumps–rubella ; HPV, human papilloma virus;WL, wavelength; F, fluence; PD, pulse duration; PP, palmoplantar wart; Nd:YAG, neodymium-yttrium-aluminum- garnet; Er: 

YAG,erbium-doped yttrium-aluminum-garnet; FW, flat wart;PW, plane wart;CO2 laser, carbon dioxide laser; PU, periungual; RSD, Reflex sympathetic dystrophy ; 
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Cimetidine shows immunomodulatory effects 

via interaction with histamine (H)-2 receptors, 

and suppression of T inhibitory cells.  

Levamisole also has immunomodulatory effects 

through stimulation of cytokines associated to 

TH1 and increased serum levels of interferon 

(IFN) and interleukin (IL)-2. Parsad et al. 

demonstrated significantly higher clearance rates 

and faster response rates with combined oral 

cimetidine (30 mg/kg/day) and levamisole (2.5 

mg/kg/week) compared to oral cimetidine 

alone.
30

 

Zinc sulfate can up regulate cytokines related to 

TH-1 (such as IL-1, IL-2, IL-6, IL-8 and TNF-

α), and augments the immune system via 

balancing TH-1 to TH-2 ratio, and recruitment 

of T cytotoxic cells, neutrophils, NK-T cells, 

and macrophages to defend against viral 

infections.  One study showed that although 

adding oral zinc sulfate (400 mg/day) to topical 

20% podophyllin solution (once a week for 8 

weeks) or imiquimod (thrice a week for 8 

weeks) shows no significant additional efficacy; 

however; lower recurrence rates were observed 

with combination therapy compared to 

monotherapy groups.
11

 

Three studies investigated efficacy of combined 

digoxin and furosemide (topical/IL injection, 

containing 150 µl digoxin and 50 µl furosemide 

in each session) compared to either of these 

treatments alone or placebo.
30-32

 While, two 

studies showed significantly higher percentage 

of complete clearance of treated warts in 

combination therapy group compared to placebo 

(92.5-50% vs. 10-0%, respectively);
30,31

 the 

other study demonstrated no significant 

difference in any active treatment groups 

compared to placebo group regarding complete 

clearance rates. Nevertheless, significant 

reduction in size of warts was only observed in 

combination therapy group compared to either 

of these drugs as monotherapy or placebo 

group.
32

 

Discussion  

Nowadays, there are various treatment options 

including traditional destructive methods, 

antiproliferative treatments and 

immunomodulators for the treatment of warts. 

Combination therapy might have synergistic 

effect that augments immune system response to 

eradicate HPV. Combination therapy can 

balance TH-1 and TH-2 immune response, and 

activate various pathways in immune system.
4
 

Combined cryotherapy with topical medical 

therapy leads to enhancement of penetration of 

topical medication by inducing local edema. 

Moreover, performing cryotherapy prior to IL 

injections can lead to less resistance to injections 

and a more convenient treatment due to swelling 

and softening of warts after cryotherapy.
4-7

 

Existing evidence shows that efficacy of 

cryotherapy as monotherapy is relatively low.
33

 

Therefore, adjuvant cryotherapy with other 

treatment modalities can lead to superior 

outcomes, shorter treatment courses, and 

reduction of recurrence rates, and as a result 

augments patient's adherence to treatment as 

well. Cryo-immuno-therapy is an efficient 

therapeutic strategy in the treatment of warts. 

Evidence reveals that applying destructive 

methods such as cryotherapy before 

immunotherapy can expose viral antigens to 

immune system, and attracts immune cells to the 

site of treatment and boosts immune system 

response. It can be recommended to those with 

multiple recalcitrant warts, especially 

immunocompromised individuals.
4-11

 

Recently, lasers have become a popular 

treatment modality for the treatment warts. 

Nowadays, various types of lasers have been 

used in the treatment of cutaneous and genital 

warts.
1,34 

Application of topical destructive 

methods prior to laser dissolves stratum 

corneum, and leads to dehiscence of epidermal 

cells, and consequently increases penetration of 
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laser. This combination can also induce irritation 

and therefore recruits immune cells, augments 

immune system and leads to rapid remission and 

reduction of treatment cost as well. Combination 

of laser with immunologic therapies can be 

especially effective in recalcitrant warts (i.e. 

periungual lesions).
18-23,34

 

Other physical therapies include microneedling 

and electroporation, which can augment efficacy 

of topical medications via enhancing the 

penetration of topical drugs into epidermis 

through creating pores or increased cell 

membrane permeability without interference in 

cell viability. This adjuvant therapy is also more 

tolerable compared to IL injections, and might 

result in fewer treatment sessions. 

Microneedling might also stimulate immune 

system by recruitment of inflammatory cells and 

immune cells into the site of infection, and 

presentation of viral antigens to immune 

cells.
24,25

 

Although existing evidence demonstrates no 

additional efficacy by adding oral zinc sulfate to 

other treatment options against wart lesions, it 

might lead to lower risk of recurrence. 

Nevertheless, high doses of oral zinc are usually 

required to be effective, which can lead to GI 

disturbance and might not be tolerated by 

patients. In contrast, combined topical zinc 

sulfate, especially niosomal formulations with 

other treatment options can be effective on wart 

lesions due to enhanced absorption.
8-11

 

Evidence shows DNA viruses such as HPV are 

dependent on potassium for replication. 

Therefore, suppression of entry of potassium 

into cells might be effective to inhibit replication 

of virus. Digoxin and furosemide are both 

inhibitors of potassium entry into cells that 

recently have been used in clinical trials in the 

treatment of warts. Moreover, they augment 

immune system and can lead to clearance of 

distant warts. Existing evidence shows good 

efficacy of combined topical/ IL digoxin and 

furosemide compared to placebo or 

monotherapy of either of these drugs on various 

types of warts including palmoplantar  

lesions.
30-32

 

Conclusion  

Combination of destructive therapeutic methods 

with other treatment options can augment 

treatment efficacy, reduces duration of treatment 

course and leads to lower recurrence rates. Cryo-

immunotherapy is particularly a safe and 

effective therapeutic strategy that can boost 

immune system, and also clears distant warts. 

Adjuvant ablative therapies (such as lasers and 

microneedling) and topical therapies can 

enhance penetration of topical drugs and lead to 

faster treatment responses. 
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