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Abstract

EVerT: cryotherapy versus salicylic acid for the treatment of 
verrucae – a randomised controlled trial

S Cockayne,1* M Curran,2 G Denby,2 F Hashmi,3 C Hewitt,1 K Hicks,1 
S Jayakody,1 A Kang’ombe,1 C McIntosh,4 N McLarnon,5 E Stamuli,1 
K Thomas,6 G Turner,1 D Torgerson1 and I Watt1,7 on behalf of the 
EVerT team

1Department of Health Sciences, York Trials Unit, University of York, York, UK
2School of Health, University of Northampton, Northampton, UK
3University of Brighton, School of Health Professions, Division of Podiatry, Eastbourne, UK
4The National University of Ireland Galway, School of Podiatry, Galway, Ireland
5Glasgow Caledonian University, School of Health and Social Care, Glasgow, UK
6Centre of Evidence Based Dermatology, University of Nottingham, Nottingham, UK
7Hull York Medical School, University of York, York, UK

*Corresponding author sarah.cockayne@york.ac.uk

Objective: To compare the clinical effectiveness and cost-effectiveness of cryotherapy 
using liquid nitrogen versus patient daily self-treatment with 50% salicylic acid for the 
treatment of verrucae (plantar warts).
Design: A multicentre, pragmatic, open, two-armed randomised controlled trial with an 
economic evaluation. Randomisation was simple, with the allocation sequence generated 
by a computer in a 1 : 1 ratio.
Setting: Podiatry clinics, university podiatry schools and primary care in England, Scotland 
and Ireland.
Participants: Patients were eligible if they presented with a verruca which, in the opinion 
of the health-care professional, was suitable for treatment with both salicylic acid and 
cryotherapy, and were aged 12 years and over.
Interventions: Cryotherapy using liquid nitrogen delivered by a health-care professional 
compared with daily patient self-treatment with 50% salicylic acid (Verrugon, William 
Ransom & Son Plc, Hitchin, UK) for a maximum of 8 weeks.
Main outcome measures: The primary outcome was complete clearance of all verrucae 
at 12 weeks. Secondary outcomes were complete clearance of all verrucae at 12 weeks, 
controlling for age, whether or not the verrucae had been previously treated and type 
of verrucae, with a second model to explore the effect of patient preferences, time to 
clearance of verrucae, clearance of verrucae at 6 months, number of verrucae at 12 weeks 
and patient satisfaction with the treatment.
Results: In total, 240 eligible patients were recruited, with 117 patients allocated to 
the cryotherapy group and 123 to the salicylic acid group. There was no evidence of a 
difference in clearance rates between the treatment groups in the primary outcome [17/119 
(14.3%) in the salicylic acid group vs 15/110 (13.6%) in the cryotherapy group; p = 0.89]. 
The results of the study did not change when controlled for age, whether or not the 
verrucae had been previously treated and type of verrucae, or when patient preferences 
were explored. There was no evidence of a difference in time to clearance of verrucae 
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between the two groups [hazard ratio (HR) 0.80, 95% con�dence interval (CI) 0.51 to 1.25; 
p = 0.33] or in the clearance of verrucae at 6 months (33.7% cryotherapy vs 30.5% salicylic 
acid). There was no evidence of a difference in the number of verrucae at 12 weeks 
between the two groups (incidence rate ratio 1.08, 95% CI 0.81 to 1.43; p = 0.62). Nineteen 
participants reported 28 adverse events, 14 in each group, with two treatment-related 
non-serious adverse events in the cryotherapy group. Cryotherapy was also associated 
with higher mean costs per additional healed patient (£101.17, 95% bias-corrected and 
accelerated CI £85.09 to £117.26). The probability of cryotherapy being cost-effective is 
40% for a range of willingness-to-pay thresholds of £15,000–30,000 per patient healed.
Conclusions: There is no evidence for a difference in terms of clearance of verrucae 
between cryotherapy and salicylic acid (at both 12 weeks and 6 months), number of 
verrucae at 12 weeks and time to clearance of verrucae. Cryotherapy was associated with 
higher mean costs per additional healed patient compared with salicylic acid.
Trial registration: Current Controlled Trials ISRCTN18994246.
Funding: This project was funded by the NIHR Health Technology Assessment programme 
and will be published in full in Health Technology Assessment; Vol. 15, No. 32. See the HTA 
programme website for further project information.
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Executive summary

Objective

To compare the clinical e�ectiveness and cost-e�ectiveness of cryotherapy using liquid nitrogen 
versus 50% salicylic acid for the treatment of verrucae (plantar warts).

Methods

Design
A multicentre, pragmatic, open, two-armed randomised controlled trial was undertaken with 
an economic evaluation. Participants were randomised using simple randomisation, with the 
allocation sequence generated by a computer in a 1 : 1 ratio. �e sample size calculation was based 
on the di�erence in cure rates at 12 weeks between the two groups. In order to give 80% power 
to show a di�erence in cure rates of 70% versus 85% required 120 patients in each group or 133 
patients a�er allowing for 10% attrition, i.e. a total of 266.

Setting
Participants were recruited from 14 sites in England, Scotland and Ireland: two podiatry clinics, 
one of which was in Scotland, four university podiatry schools, one of which was in Ireland and 
eight general practitioner (GP) practices in �ve di�erent regions of England.

Participants
Potential participants were identi�ed by a health-care professional from the study site from GP 
referrals or self-referrals received by the podiatry or GP practice for the treatment of verrucae. 
Patients were eligible to participate in the trial if they presented with a verruca that, in the 
opinion of the health-care professional, was suitable for treatment with both salicylic acid and 
cryotherapy, and were aged 12 years and over.

Interventions
Participants randomised to cryotherapy using liquid nitrogen received a maximum of four 
treatments, 14–21 days apart, delivered by a health-care professional. �e �rst treatment was a 
gentle freeze lasting approximately 10 seconds, with subsequent treatments undertaken according 
to the site’s usual practice. Debridement, masking and padding of the site were also undertaken 
according to the site’s usual practice. Participants randomised to patient self-treatment with 50% 
salicylic acid (Verrugon, William Ransom & Son Plc, Hitchin, UK) were instructed on how to 
use the acid by a health-care professional and instructed to apply it once daily for a maximum of 
8 weeks.

Main outcome measures
�e primary outcome was complete clearance of all verrucae at 12 weeks. Secondary outcomes 
were complete clearance of all verrucae at 12 weeks, controlling for age, whether or not the 
verrucae had been previously treated and type of verrucae, with a second model to explore the 
e�ect of patient preferences, time to clearance of verrucae, clearance of verrucae at 6 months, 
number of verrucae at 12 weeks and patient satisfaction with the treatment.
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Results

A total of 240 participants (90% of the sample size) were recruited to the trial, with 117 patients 
allocated to the cryotherapy group and 123 to the salicylic acid group. �ere was no evidence of 
a di�erence between the proportions of participants with complete clearance of all verrucae at 
12 weeks between the salicylic acid and cryotherapy groups {14.3% vs 13.6%, chi-squared test 
statistic 0.02 [1 degrees of freedom (df)]; p = 0.89}. Cryotherapy was also associated with higher 
mean costs per additional healed patient [£101.17, 95% bias-corrected and accelerated con�dence 
interval (CI) £85.09 to £117.26]. �e probability of cryotherapy being cost-e�ective is 40% for a 
range of willingness-to-pay thresholds of £15,000–30,000 per patient healed. �e results of the 
study did not change when the analysis was repeated but controlled for age, whether or not the 
verrucae had been previously treated and type of verrucae or patients’ preferences at baseline.

�ere was no evidence of a di�erence in the clearance of verrucae at 6 months between the 
salicylic acid and the cryotherapy groups [30.5% vs 33.7%, chi-squared test statistic 0.22 (1 df); 
p = 0.64] nor in time to clearance between the two groups [hazard ratio (HR) 0.80, 95% CI 0.51 
to 1.25; p = 0.33]. �ere was no evidence of a di�erence in the number of verrucae at 12 weeks 
between the two groups (incidence rate ratio 1.10, 95% CI 0.84 to 1.45; p = 0.47).

Conclusions

�ere was no evidence of a di�erence in clearance rates of verrucae between the 50% salicylic 
acid and the cryotherapy using liquid nitrogen groups. However, the results of this study are 
applicable only to verrucae or plantar warts and not to warts at other sites, such as the hands, 
which may respond di�erently to cryotherapy.

�e �ndings of this study would not be generalisable to other freezing agents, such as nitrous 
oxide or over-the-counter (OTC) freezing treatments, as they freeze at a higher temperature than 
liquid nitrogen. Nor could the results be extrapolated to other concentrations of salicylic acid 
available as OTC preparations, which are usually of a lower concentration, or to the treatment 
being applied by a health-care professional.

Cryotherapy is associated with higher mean costs per patient healed compared to salicylic acid. 
Both higher mean costs and lack of evidence of a di�erence in e�ectiveness result in cryotherapy 
having a low probability of being cost-e�ective, even at high (> £15,000 per patient healed) cost-
e�ectiveness threshold values.

Implications for future research
�ere are other treatments available for cutaneous warts, but with very little good-quality evidence 
assessing their e�ectiveness. �e e�ectiveness of these treatments is worthy of further study.

Trial registration

�is trial is registered as ISRCTN18994246.

Funding

�is project was funded by the NIHR Health Technology Assessment programme and will be 
published in full in Health Technology Assessment; Vol. 15, No. 32. See the HTA programme 
website for further project information.
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Chapter 1  

Background

What are verrucae?

Verrucae (or plantar warts) are caused by the human papillomavirus. �ey are extremely 
common, being experienced by most people at some time during their lives. Verrucae are 
infectious and can be painful, especially when a�ecting the soles of the feet or the nails. Although 
most verrucae will spontaneously disappear without treatment, many patients seek treatment 
because they are painful or because they are being prevented from doing sports and other 
activities of daily living.

Various studies have examined the prevalence of warts/verrucae and have produced a wide range 
of estimates. �ree population-based studies reported point prevalence rates ranging from 0.84% 
(USA)1 to 3.3% (UK)2 and up to 12.9% (Russian Federation).3 Studies of school-age populations 
have reported prevalence of 12% in 4 to 6-year-olds, 3.9% to 4.7% in 11 to 16-year-olds4 and 24% 
in 16 to 18-year-olds.5 A recent cross-sectional study, including 1465 children in four primary 
schools in the Netherlands, reported prevalence rates in children aged 4–12 years of 33% (9% had 
hand warts, 20% had plantar warts and 4% had both).6

Estimates of the rate of natural resolution of warts vary widely. Massing7 found that two-thirds 
resolved within 2 years, but the resolution rates reported in the placebo arms of trials suggest 
that warts may resolve more rapidly. In a Cochrane systematic review8 of wart treatment, 21 
trials with placebo groups were reviewed. �e average proportion that were clear of warts in 
the placebo groups in these trials was 27% (range 0 to 73%), a�er an average period of 15 weeks 
(range 4 to 24 weeks). �is has led some to suggest that warts should not be treated at all.9,10 
However, some viral warts may persist for many years and there is no reliable means of predicting 
which ones will resolve spontaneously.

Verrucae are spread by direct skin-to-skin contact or indirectly via contact with contaminated 
surfaces (e.g. swimming pools or communal showers),11 although having a family member with 
a wart and having a high incidence of warts within a child’s class have been shown to be stronger 
risk factors than the use of swimming pools and shared bathing areas.6 If a verruca is scratched or 
knocked it can bleed, making it easier for the virus to infect another part of the body through a 
breach in the skin.12

What treatments are available?

Many treatments are available for the treatment of verrucae, including cryotherapy, topically 
applied treatments, surgical curettage, and complementary and alternative therapies. �e most 
commonly prescribed treatments are cryotherapy with liquid nitrogen and topical salicylic acid.13

Side-e�ects are common with all verrucae treatments, and include pain, burning, blistering, 
bleeding and scarring. Pain and blistering are more commonly reported for cryotherapy 
treatments,14 and, for this reason, cryotherapy is not recommended for young children.10
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What evidence is there for the most commonly used treatments?

A Cochrane systematic review8 that assessed the e�ects of di�erent local treatments of cutaneous, 
non-genital warts was updated in 2006 (search date March 2005). �is review highlighted 
considerable uncertainty around the optimal treatment of verrucae.

�e best available evidence was for topical treatments containing salicylic acid (of varied 
strengths). �ese preparations were signi�cantly better than placebo. Data pooled from �ve 
placebo-controlled trials showed a cure rate of 117/160 (73%) compared with 78/162 (48%) in 
control subjects.8

Evidence for the e�ectiveness of cryotherapy was limited. �e review found two trials comparing 
cryotherapy with salicylic acid and one comparing duct tape with cryotherapy. �ese trials 
showed no signi�cant di�erence in e�cacy for the compared treatments. More recently, a head-
to-head trial of salicylic acid compared with cryotherapy has been reported in a primary care 
setting in the Netherlands. �is trial found that cryotherapy was signi�cantly better than salicylic 
acid for the treatment of hand warts, but that there was no signi�cant bene�t of cryotherapy 
compared with salicylic acid in plantar warts.15 Cure rates for plantar warts were 29% for 
cryotherapy, 33% for salicylic acid and 23% for a no-treatment control group.

Why did we do the trial?

�e treatment of warts and verrucae represents a considerable cost burden to both patients 
and the NHS. An economic decision model assessing the e�ectiveness and cost-e�ectiveness of 
salicylic acid and cryotherapy estimated that almost 2 million people in England and Wales see 
their general practitioner (GP) for the treatment of cutaneous warts each year, at a cost of at least 
£40M per annum.14

Despite this, the evidence base on which to inform clinical decision-making is poor. Of the 60 
trials identi�ed in the 2006 Cochrane systematic review,8 46 (77%) were classi�ed as low quality; 
in addition, heterogeneity between the trials was high and analyses were o�en inappropriate or 
misleading. A major conclusion from the Cochrane review8 was that a trial comparing topical 
salicylic acid with cryotherapy was urgently needed.

In response to an open call for trial proposals looking at medicines for children, the National 
Institute for Health Research (NIHR) Health Technology Assessment (HTA) programme agreed 
to fund the EVerT (E�ective Verruca Treatments) trial, with the aim of establishing the e�cacy 
and cost-e�ectiveness of these two treatments.

Speci�c objectives of the trial

 �Q To assess the clinical e�ectiveness and acceptability of cryotherapy compared with salicylic 
acid for the treatment of verrucae.

 �Q To assess the cost-e�ectiveness of the compared treatments.
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Chapter 2  

Methods

Trial design

�e EVerT trial was an open, pragmatic, multicentred, two-armed, randomised controlled 
trial (RCT) with equal randomisation. Participants with verrucae were randomised (1 : 1) to 
receive either:

 �Q cryotherapy using liquid nitrogen, delivered by a health-care professional (a podiatrist, 
practice nurse or GP) or

 �Q once-daily self-treatment with 50% salicylic acid (Verrugon, William Ransom & Son Plc, 
Hitchin, UK).

Approvals obtained

�e Trent Multicentre Research Ethics Committee (MREC) approved the study and substantial 
amendment to address the NIHR HTA programme reviewers’ comments on 26 October 2004 
and 16 August 2006, respectively. Galway Research Ethics Committee approved the study on 
20 March 2009.

Salicylic acid was classi�ed as a medicinal product, therefore, clinical trial authorisations 
(CTAs) were obtained from the competent authorities in the UK and Ireland: the Medicines 
and Healthcare products Regulatory Agency (MHRA) (CTA number 22803/0001/001-0001) on 
8 February 2005 and the Irish Medicines Board (clinical trial number CT 1552/1/1 Salicylic Acid/
Liquid Nitrogen) on 30 January 2009.

�e details of MREC, local research ethics committees (LRECs), competent authorities and 
research and development department approvals are provided in Appendix 1.

�e trial was assigned the International Standard Randomised Controlled Trial Number 
(ISRCTN) of ISRCTN18994246; EudraCT number 2004-000905-24; and National Research 
Register number N0484189151.

Trial sites

�e study was conducted in 16 study sites: 15 in the UK and 1 in Ireland. Sites were recruited 
throughout the duration of the trial. �e sites were podiatry schools, outpatient podiatry clinics, 
GP practices or, in one case, a primary care trust (PCT) podiatry service outpatient clinic. Details 
of the study sites are provided in Appendix 2.

Participant eligibility

People with one or more verrucae were recruited into this study.
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Inclusion criteria
Potential participants were eligible for inclusion in the trial if they met the following criteria:

 �Q �ey had a verruca which, in the opinion of the health-care professional, was suitable for 
treatment with both salicylic acid and cryotherapy.

 �Q �ey were aged 12 years and over.

�e study was funded via the NIHR HTA’s medicines for children call. Consequently, the initial 
inclusion criteria focused on children and young people between the ages of 12 and 24 years, 
inclusive. However, because of poor recruitment the upper age restriction was li�ed.

Exclusion criteria
Potential participants were excluded if they met one or more of the following criteria:

 �Q �ey were currently in a trial evaluating other treatments for their verruca.
 �Q �ey had impaired healing, for example owing to diabetes, peripheral vascular disease or any 

other condition.
 �Q �ey were immunosuppressed, for example had agammaglobulinaemia or were taking 

immunosuppressant drugs such as oral corticosteroids.
 �Q �ey had neuropathy.
 �Q �ey were currently on renal dialysis.
 �Q �ey had cold intolerance, for example Raynaud syndrome or cold urticaria.
 �Q �ey had any of the following conditions: blood dyscrasias of unknown origin, 

cryoglobulinaemia, cryo�brinogenaemia or collagen or autoimmune disease.
 �Q �ey were unable to give informed consent.

Recruitment into the trial

Members of the research team participating in the study received ‘Good Clinical Practice’ 
training, as well as training in all aspects of the trial, including participant recruitment, eligibility 
criteria, trial protocol, adverse event reporting procedures and trial documentation. In order to 
standardise the study prior to commencement, each study site also received a trial handbook.

Potential participants for the trial were identi�ed by a health-care professional at the study site 
from GP referrals, or self-referrals received by the podiatry clinic or GP practice for the treatment 
of verrucae. Participants were provided with an appointment for assessment/treatment and sent 
an invitation letter, information sheet about the trial, baseline questionnaire and consent form 
for the study (see Appendices 3 and 4). �e �ow of participants through the trial is presented in a 
CONSORT (Consolidated Standards of Reporting Trials) diagram (see Figure 2).

In order to aid recruitment, one or more of the following strategies were adopted at some sites to 
increase the number of people with verrucae presenting to the clinics:

 �Q GPs in the recruiting area were approached by either the York Trials Unit (YTU: University 
of York, UK) or the local Primary Care Research Network. �ey were requested to refer 
patients presenting with a verruca and who expressed an interest in taking part in the trial to 
the recruiting site.

 �Q �e trial was promoted by means of a recruitment poster that was displayed in 41 libraries, 
15 pharmacies, 19 swimming pools, 8 supermarkets, 2 universities and 2 hospitals.
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 �Q Secondary schools were approached and asked to send out study information to their 
students. Fi�een schools in three di�erent recruiting areas agreed to send out study 
information to 7410 students and displayed recruitment posters.

 �Q �e trial was publicised in two local newspapers, in three university press releases, on three 
university websites and on two local radio stations. Potential participants were directed to the 
local recruiting site.

�e documentation used to aid recruitment to the study is included in Appendix 5.

For individuals responding to an advert for trial participants, telephone screening by the study 
sites was recommended to ensure that the potential participants ful�lled the inclusion criteria.

Participants were given a minimum of 24 hours to read the information sheet and consider 
participation. In Ireland, where possible, there was a minimum of 6 days between the patient 
signing the consent form and the start of treatment in order to comply with local regulations. 
Participants who wished to take part in the study and who returned their baseline questionnaire 
were screened by the health-care professional using a randomisation form that listed the 
eligibility criteria (see Appendix 4). Eligible patients, and their parent/guardian for those under 
16 years of age, were able to discuss the study in more detail prior to providing written informed 
consent. Baseline data were then recorded and a digital photograph taken of the verruca(e). 
Participants’ GPs were noti�ed of their involvement in the EVerT trial a�er recruitment.

Baseline assessment

A�er written informed consent had been obtained, baseline data were collected using the 
podiatrist treatment assessment form and the baseline questionnaire (see Appendix 4). �e 
following data were collected.

Type and number of verruca(e)
�e number and type of verruca(e) (mosaic or non-mosaic) were collected on the podiatrist 
treatment assessment form in order to examine whether or not mosaic verrucae respond less well 
to treatment than simple verrucae.

Duration and previous treatment of current verruca(e)
�e duration of the current verruca(e) and type of any previous treatment received were recorded 
on the participant baseline questionnaire.

Reason for seeking treatment
�e reasons for seeking treatment for the verrucae were recorded on the participant 
baseline questionnaire.

Level of pain
Participants were asked to rate how painful their current verruca was at baseline on a �ve-point 
Likert scale of 0–4, where 0 was not at all painful and 4 was extremely painful.

Number of previous verrucae and age at which they occurred
�e number of previous verrucae and age at which they occurred were recorded on the 
participant baseline questionnaire.
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Patient’s treatment preference
�e patient’s treatment preference was recorded on the podiatrist treatment assessment form to 
allow us to explore the in�uence of the patient’s treatment preference on treatment outcomes.

Date of birth
Date of birth was recorded on the participant baseline questionnaire, allowing age at 
recruitment to be calculated and to allow us to explore the in�uence of the participant’s age on 
treatment outcomes.

Gender
�e gender of participants was recorded on the participant baseline questionnaire.

Ineligible patients

�e health-care professionals were asked to complete an ineligible patient form (see Appendix 4) 
for those participants who wished to take part in the trial, but were ineligible to do so. Data 
collected on this form were reasons why the patient was not eligible, date of birth, gender, type of 
wart and date of consideration for trial entry. Where the patient was willing, a completed baseline 
questionnaire was also collected.

Randomisation

Patients were randomised equally between the two treatment arms: cryotherapy using liquid 
nitrogen delivered by the health-care professional (podiatrist, practice nurse and GP) or daily 
self-treatment by the patient with 50% salicylic acid. �e health-care professional at the recruiting 
site randomised the patient using the secure, remote, independent YTU telephone or web-based 
randomisation service. Randomisation was simple, i.e. it was not restricted in any way. Strati�ed 
randomisation was not used in order to reduce the risk of subversion, which can occur using 
forms of restricted randomisation. �e allocation sequence was computer generated, with the 
treatment allocation being concealed from both the health-care professional and YTU until the 
moment of randomisation.

Sample size

�e Cochrane systematic review8 found only one small trial directly comparing the e�ectiveness 
of a chemical treatment, salicylic acid, with cryotherapy in patients with warts on their feet 
alone. �is poor-quality study found a 58% cure rate among the patients allocated to cryotherapy 
compared with 41% among those treated with salicylic acid. �is di�erence of 17% was not 
statistically signi�cant. �e overall cure rates from this study are smaller than those observed 
in two placebo-controlled trials of salicylic acid, both of which reported cure rates of 85% for 
active treatment, possibly because more resistant verrucae were included in the study comparing 
cryotherapy with salicylic acid. �e EVerT trial was powered to show a 15% di�erence in 
e�ectiveness. To give us 80% power (5% two-sided signi�cance) to show a di�erence in cure rates 
of 70% versus 85% at 12 weeks, we required a sample size of 120 patients in each treatment group 
or 133 patients in each group a�er allowing for 10% attrition (i.e. 266 in total).
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Trial interventions

Participants were randomised to receive either cryotherapy using liquid nitrogen delivered by a 
health-care professional or daily self-treatment with 50% salicylic acid (Verrugon).

Cryotherapy using liquid nitrogen delivered by the health-care professional
Patients randomised to cryotherapy using liquid nitrogen received up to a maximum of four 
treatments 14–21 days apart. Treatment was delivered by the health-care professional according 
to the usual practice of each trial site. Most of the health-care professionals delivering the 
cryotherapy had several years’ experience in delivering cryotherapy using liquid nitrogen. If a 
patient presented with more than one verruca, the health-care professional was instructed to treat 
the verrucae as they would in normal practice.

Prior to treatment, if it was the site’s normal practice, the callus surrounding the verruca(e) was 
debrided (e.g. with a scalpel or �le) with any haemorrhages stopped by digital pressure only. �e 
tissue surrounding the verruca was either masked (e.g. with petroleum jelly) or le� unmasked, as 
per usual practice. Liquid nitrogen was applied using a spray (method of choice if available) or 
probe until the health-care professional was satis�ed that the tissue had been frozen adequately. 
On the advice from the Trial Steering Committee (TSC), clinicians were advised that the �rst 
treatment should be a gentle freeze (approximately 10 seconds’ duration) in order to ensure that 
the patient could tolerate the treatment. Silver nitrate was not applied to the verruca. If necessary, 
the health-care professional could pad the area surrounding the verruca a�er treatment, for 
example with 7 mm of felt-cavity padding. Patients were given a cryotherapy patient’s advice sheet 
(see Appendix 3). Patients were also advised to keep the area dry for 24 hours and that the area 
may blister and be uncomfortable. If required, patients were recommended to use painkillers, as 
they would for a headache, if the area was very painful.

Daily self-treatment by the patient with 50% salicylic acid
Patients randomised to self-treatment with 50% salicylic acid were instructed how to use the 
salicylic acid by the health-care professional and were provided with a salicylic acid patient’s 
advice sheet (see Appendix 3) at the �rst trial appointment. �erea�er, the salicylic acid was 
applied once daily by the patient (or parent/guardian if appropriate) for a maximum of 8 weeks as 
per the manufacturer’s instructions as follows:

 �Q �e self-adhesive ring should be �xed with the hole over the verruca.
 �Q Squeeze a little Verrugon ointment into the hole and directly onto the verruca.
 �Q Remove backing paper from plaster.
 �Q Cover ring completely with plaster. Seal into position.
 �Q Repeat treatment daily a�er gently pumicing or �ling o� the dead part of the verruca.

All patients were given a follow-up appointment at 2 weeks as a safety check. Further supplies 
of felt pads, plasters and salicylic acid were provided to the patient when required. Patients were 
asked to return all of the tubes of salicylic acid they had received during the trial to the treating 
health-care professional at their 12-week appointment. �e health-care professional weighed the 
tube(s) to determine how much salicylic acid had been used over the 8-week period.
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Participant follow-up

Appendix 6 shows a summary of participant follow-up for the EVerT trial. Participants were 
given the option to complete participant questionnaires in either paper or web-based format 
according to their preference. In order to increase the response rate to the week-12 questionnaire, 
participants received an unconditional £5 (€5 for the site in Ireland) with their week-12 
questionnaire. �e week-12 questionnaire was preceded by a letter notifying the participant that 
their week-12 questionnaire would arrive shortly and that it would be accompanied by a �ve 
pound (or �ve euro) note as an acknowledgement for their taking part in the trial and completing 
the questionnaires.

In order to minimise the di�erence in attendance between participants in the two groups, 
participants were reimbursed £20 for attending their week-12 outcome assessment appointment 
with the health-care professional. Information about this reimbursement was included in the 
patient information sheet.

Trial completion

Participants were deemed to have exited the trial when:

 �Q the participant had been in the trial for 6 months
 �Q the participant wished to exit the trial fully
 �Q the participant’s health-care professional withdrew him/her from the trial
 �Q the participant was lost to follow-up
 �Q the participant died.

Instead of withdrawing fully from the trial, participants had the option of:

 �Q withdrawing only from receiving the trial treatment
 �Q withdrawing only from postal or web-based questionnaires
 �Q withdrawing from the collection of data by the health-care professional
 �Q any combination of the above.

If the participant elected to withdraw from all three (trial treatment, questionnaires and data 
collection) then he or she was deemed as a full withdrawal (trial exit). Health-care professionals 
were able to indicate any change in the patient’s level of participation by completing the change of 
circumstances form (see Appendix 4). �is ensured appropriate follow-up from the YTU.

Measurement of primary outcome

�e primary outcome was complete clearance of all verrucae at 12 weeks a�er randomisation. 
Clearance of verrucae was de�ned as the restoration of normal skin on close inspection.

At the 12-week appointment the treating health-care professional or other member of the 
research team took a digital photograph of the participant’s foot. Participants who did not attend 
their 12-week outcome assessment appointment were asked to take a digital photograph of their 
foot and send it to the YTU. Two blinded assessors independently assessed the photographs for 
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each participant from all the sites to determine whether or not the verrucae had cleared, and 
whether or not they could tell which treatment the patient had received. �e assessors discussed 
any discrepancies with referral to a third assessor for a �nal decision if required.

Previous studies co-ordinated by the YTU had found that using cameras to obtain blinded 
outcome assessments was not without its challenges. We therefore undertook an additional 
blinded outcome assessment at the recruiting site at the participant’s 12-week appointment. �is 
assessment would then be used in cases in which assessment of the digital photograph was not 
possible, for example when the photograph was not interpretable or was missing. �e blinded 
outcome assessment at the site was undertaken by another member of the research team who 
was unaware of the treatment the participant had received. �e health-care professional recorded 
whether or not the verruca(e) had completely cleared on the podiatrist outcome assessment form 
(see Appendix 4). Participants were reminded not to tell the person undertaking the blinded 
assessment which treatment they received and participants allocated to the salicylic acid group 
were asked not to return any used or unused Verrugon tubes to them. If the outcome assessment 
was not blinded, this was recorded on the podiatrist outcome assessment form.

�e primary outcome was then calculated using whether or not the verrucae had cleared, as 
decided by the blinded assessors from the photographs. However, if no photographs were 
available for a participant, or if the photograph was not interpretable, then the outcome from the 
blinded assessment at 12 weeks was taken. If neither of these were available for a participant then 
the patient’s self-reported outcome recorded in the week-12 questionnaire or on the ‘verrucae 
gone’ form (see Appendix 4) were used.

Measurement of secondary outcomes

Self-reported time to clearance of verrucae
Participants were asked to report if their verruca(e) had cleared on their week-3, week-12 and 
6-month questionnaires (see Appendix 4) and, if it had cleared, on what date it cleared. In 
addition to this, participants were asked to return their ‘verruca gone form’ if their verrucae 
cleared at any other time points. If there was any discrepancy between the dates reported by the 
participant then the longest date to clearance was used.

Clearance of verrucae at 6 months
Clearance of verrucae at 6 months was recorded on the participant’s 6-month questionnaire. If 
the participant had verrucae at 6 months then the position of the verrucae (either in the original 
or in a new position) was recorded.

Number of verrucae remaining at the 12-week appointment
�e number of verrucae remaining at 12 weeks was recorded on the podiatrist outcome 
assessment form to summarise the e�ects of the two regimens.

Additional data collected

Recurrence of verrucae at 6 months
Participants were asked whether or not they had a verruca at 6 months on the participant’s 
6-month questionnaire. If a verruca was present they were asked to record whether or not it was 
in the original or in a di�erent place.
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Patient satisfaction with treatment
Patient satisfaction with treatment (on a �ve-point scale, from ‘very unhappy’ to ‘very happy’) 
was reported on the participant week-1, week-3 and week-12 questionnaires.

Pain associated with �rst treatment
Pain associated with the �rst treatment (on a scale of 0–10, where 0 is no pain and 10 is the 
worst pain imaginable) was recorded on the patient pain questionnaire (see Appendix 4). �is 
questionnaire was designed for participants to complete a�er their �rst treatment and return to 
the YTU using a reply-paid envelope.

Pain associated with verrucae and use of painkillers
Participants were asked to rate how painful their verrucae were on a �ve-point Likert scale of 
0–4, where 0 was not at all painful and 4 was extremely painful. �ey were also asked to record 
if they needed to take a painkiller because of their verruca treatment during the �rst 3 weeks 
following entry into the study and, if yes, the number of days they took painkillers. Data were 
collected on the week-1 and week-3 questionnaires.

Treatment details
�e number of appointments attended by each participant, excluding the week-12 outcome 
assessment appointment, were recorded by the health-care professional on the podiatrist 
treatment assessment form. Details of the cryotherapy delivered at each appointment were 
recorded by the health-care professional on the same form, including the number of freezes 
performed, the duration of the �rst freeze on that visit, whether or not the health-care 
professional considered that su�cient freezing took place and whether or not the patient asked 
for the freeze(s) to be stopped, and, if so, why. As a means of assessing adherence, the weight 
of salicylic acid ointment used over the treatment period was recorded by the health-care 
professional on the podiatrist treatment assessment form by weighing the tubes of salicylic acid at 
the start and end of treatment. In addition, the number of times salicylic acid was applied within 
the past 7 days was reported on the participants’ week-1 and week-3 questionnaires.

Adverse events
An adverse event was de�ned as ‘any untoward medical occurrence in a subject to whom a 
medicinal product has been administered, including occurrences which are not necessarily 
caused by or related to that product’.

Health-care professionals were asked to report any adverse events occurring in participants in 
both groups to the trial o�ce using either the ‘serious adverse event form’ or the ‘non-serious 
adverse event form’ (see Appendix 4). �e reporting health-care professional was asked to 
indicate whether or not, in his or her opinion, the event was related to the treatment. Serious 
adverse events were de�ned as an event that resulted in death, was life-threatening, required 
hospitalisation or prolongation of existing hospitalisation, resulted in a persistent or signi�cant 
disability or incapacity, or resulted in a congenital anomaly or birth defect. When appropriate an 
assessment of intensity and expectedness was also undertaken.

A list of possible treatment-related adverse events was established, a priori, based on reports in 
the literature. �ese were pain, blistering, irritation to the skin, infection, burning sensation, 
bleeding, scarring and allergic contact reaction.

Health-care professionals were asked to report any serious adverse events within 24 hours of 
becoming aware of the event and provide a follow-up report if necessary.



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Cockayne et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

11 Health Technology Assessment 2011; Vol. 15: No. 32DOI: 10.3310/hta15320

Reasons for stopping treatment and any new treatments
Whether or not the participant found it necessary to stop the treatment to which they had 
been allocated and, if so, the reasons for this were recorded on the participant’s week-12 
questionnaires. Whether or not they started another treatment, and, if so, what was the new 
treatment, was also recorded on the week-12 questionnaire.

Statistical analysis

All analyses were conducted on an intention-to-treat basis, including all randomised patients 
in the groups to which they were randomised. All of the analyses were conducted using S���� 
statistic and data analysis so�ware version 10.1 (StataCorp LP, College Station, TX, USA), except 
the logistic regression model accounting for centre clustering e�ects, which was undertaken 
using S�� version 9.2 (SAS Institute Inc., Cary, NC, USA) and two-sided signi�cance tests at the 
5% signi�cance level for the primary outcome measure and 1% signi�cance level for secondary 
outcome measures. Multiple imputation methods were used to handle missing data. �e 
statistician conducting the analysis remained blind to treatment group and data were unblinded 
only once all data summaries and analyses were completed.

Trial completion
�e �ow of participants through the trial is presented in a CONSORT diagram. �e numbers of 
participants withdrawing from treatment and/or the trial were summarised together with the 
reasons where available.

Baseline data
All baseline data were summarised by treatment group and described descriptively. No formal 
statistical comparisons were undertaken. Continuous measures were reported as means and 
standard deviations (SDs), whereas categorical data were reported as counts and percentages.

Primary analysis
�e primary outcome was complete clearance of all verrucae at 12 weeks. �is was a dichotomous 
outcome (presence or absence of verruca). We compared the proportions of participants with 
complete clearance of all verrucae using a chi-squared test.

�e Cohen’s kappa measure of inter-rater agreement was used to assess the agreement between 
the two assessors of the blinded photographs whether or not the verrucae had cleared.

Secondary analysis
Clearance of verrucae at 12 weeks
A logistic regression model was used to adjust the primary analysis for important prognostic 
variables (age, whether or not the verrucae have been previously treated and type of verruca). 
Odds ratios (ORs) and corresponding 95% con�dence intervals (CIs) were obtained from 
this model.

Time to clearance of verrucae
Time to clearance was derived as the number of days from randomisation until the date of 
clearance as detailed from the participant’s self-reported questionnaire. Participants’ verrucae 
that had not cleared were treated as censored and their date of trial exit, or date of last available 
assessment, or 183 days/trial cessation, as appropriate, was used to calculate their duration in 
the trial.
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A Cox proportional hazards model was used to compare the time to clearance of the verrucae 
between the two groups, adjusting for the same covariates as for the primary outcome.

Clearance of verrucae at 6 months
�e complete clearance of all verrucae at 6 months was analysed in the same way as the primary 
outcome, with adjustments for the same covariates.

Number of verrucae at 12 weeks
Negative binomial regression was used to compare the number of verrucae at 12 weeks between 
the two treatment groups, with adjustment for the number of verrucae at baseline. �ese models 
are used to estimate the number of occurrences of an event when the event has Poisson variation 
with overdispersion.

Patient’s treatment preference
As patients and health-care professionals were not blinded to treatments, we carried out an 
analysis to assess the in�uence of participant’s treatment preference on treatment outcomes. 
A logistic regression model was developed using the primary outcome and included patient 
preference and an interaction term between randomised treatment and preferred treatment in 
the model.

Missing data
We investigated the sensitivity of the results to missing data with multiple imputation analysis. 
Five imputations were created using a set of appropriate imputation models constructed using 
variables that were predictive of the missing data. Multiple imputation analysis was performed 
using the multiple imputation procedure in S��.

Additional data collected
�e following additional data were collected:

 �Q recurrence of verrucae at 6 months
 �Q patient satisfaction with treatment
 �Q pain associated with the �rst treatment
 �Q pain associated with verrucae and use of painkillers
 �Q treatment details for the cryotherapy delivered and adherence data for the salicylic acid arm
 �Q adverse events
 �Q reasons for stopping treatment and any new treatments
 �Q if patients had verrucae at 6 months were they in the original or a di�erent place?

All additional data were summarised by treatment group (where appropriate), but no statistical 
analyses were performed.

Economic analysis

Aim of the economic analysis
Economic evaluation of health interventions is a tool used to assist decision-makers in 
prioritising and allocating resources in the health-care sector, by assessing the value for money 
(cost-e�ectiveness) of alternative interventions.

�e aim of the economic analysis was to assess the relative costs and e�ectiveness of cryotherapy 
and salicylic acid for the treatment of verrucae. Data on both costs and e�ectiveness of the two 
comparators were synthesised to assess the additional cost required for an additional unit of 
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outcome. For this analysis, a cost-e�ectiveness approach was taken, where the outcome was 
de�ned as complete clearance of verrucae at 12 weeks.

�e analysis was conducted on an ‘intention-to-treat’ basis. Hence, the analysis compared the 
treatment groups based on their original random allocation, regardless of protocol deviations and 
participants’ compliance or withdrawal. �e NHS perspective was taken for the analysis where 
only costs directly linked to the NHS budget (GP or nurse visits, podiatrist time and cost of 
equipment and medications) were included.

Data
Resource use data
During the participant’s treatment period within the study, data on the resource use component of 
the economic analysis were collected from both participants’ self-completed questionnaires and the 
relevant form (podiatrist treatment assessment form) completed by the health-care professionals.

�e number of visits to the podiatrist, nurse or GP for treatment was recorded by the health-care 
professional who treated the trial participant. In particular, details on the number of cryotherapy 
sessions administered and the number of tubes of salicylic acid provided to the patients 
were collected.

In addition, data on other resource usage were collected at 12 weeks a�er randomisation on a 
patient self-reported questionnaire. �e questionnaire was designed for participant completion 
and was returned to the trial o�ce using a reply-paid envelope. Participants were asked to 
complete the questionnaire about the number of visits to the clinic for treatment of their verruca 
and health service use (e.g. if they had seen a GP, practice nurse or attended an emergency visit 
with a GP because of their verruca).

Outcome data
�e outcome data used for the economic analysis were the complete clearance of verrucae 
at 12 weeks. �e data on outcome were extracted primarily by two independent assessors 
from digital photographs taken at 12 weeks. In cases where the digital photograph was not 
interpretable, the data were extracted from the podiatrist outcome assessment form and, 
�nally, the patient self-reported questionnaire at 12 weeks. �is has been described above (see 
Measurement of primary outcome).

Methods for calculation of costs
Cost of the cryotherapy treatment
�e cost of cryotherapy treatment comprised two components: the cost of the equipment and the 
opportunity cost of the health-care professional’s time for attending the patients.

�e list of equipment required for cryotherapy was compiled by a combination of interviewing 
podiatrists who run podiatric clinics and the equipment that was bought as part of setting up a 
trial centre. �e equipment list included:

1. cryogenic gloves
2. safety glasses
3. aluminium Dewar
4. tipping trolley for Dewar
5. withdrawal device
6. cryosurgery applicator
7. slim probe
8. apron.
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In the economic analysis, annuitisation of the equipment cost was performed (see Equation 1). 
For this procedure, the cost of the equipment (K), which was incurred on its purchase, is spread 
over the lifetime of the equipment to obtain an equivalent annual cost (E).16 An interest rate (r) 
of 3.5% and a lifespan (n) for the cryogenic equipment of approximately 5 years were used in the 
calculations of the annuity factor.

K E
r

r

n

�
� � �1 1( )

 [Equation 1]

To assign an equipment cost per treatment, the annual cost (E) was divided by the maximum 
number of the treatments that can be provided by a GP or podiatrist. �e maximum number of 
treatments was calculated based on an average appointment time of 20 minutes and assuming 
full capacity of the clinics for the total number of working days per year (i.e. 253 excluding bank 
holidays in the UK). �e average appointment time of 20 minutes was based on the experience of 
podiatrists and practice nurses.

In addition to the equipment cost, the cost of liquid nitrogen, which was the freezing agent 
for the cryotherapy, was calculated. Liquid nitrogen is nitrogen in a liquid state at a very low 
temperature.17 Hence, the Dewars are re�lled frequently, approximately every 4–6 weeks, even 
though the liquid nitrogen is not being used fully for patient treatments. It is, therefore, di�cult 
to assess the quantity of liquid nitrogen that is required for a single treatment. However, from 
the trial data, it was noticed that in one trial centre (Galway, Ireland) that exclusively treated trial 
participants, four re�lls of a 25-litre Dewar were ordered in a time frame of 3 months. �e cost of 
liquid nitrogen per treatment was calculated by dividing the cost of four re�lls of a 25-l Dewar by 
the total number of treatments performed in that centre.

�e clinician’s time was calculated based on an average appointment time of 20 minutes. �e 
treatments were administered to the trial participants by either a GP, nurse or podiatrist. �e unit 
costs for these health-care professionals were retrieved from the Unit costs of health and social 
care 2009.18

Cost of the salicylic acid treatment
�e cost of the salicylic acid treatment comprised two components: the cost of the medication 
and the health professional’s time spent for each treatment assessment visit.

�e cost of the medication included the:

 �Q Verrugon ointment tubes
 �Q felt pads
 �Q plasters.

�e cost of Verrugon tubes was calculated based on the number of tubes used by the patients, 
irrespective of whether or not the patient had used up the entire content of the last tube received. 
For example, if the patient did not �nish the second tube, the total of the two tubes was used for 
cost calculations. It should be noted that the maximum number of tubes used per participant in 
the trial was two.

�e total numbers of felt pads and plasters were calculated based on the total number of 
applications, which, in turn, was based on the number of Verrugon tubes that a patient used. 
Hence, if the patient used only one tube of Verrugon then he or she needed pads and plasters 
su�cient for 28 applications. �is is half of the total number of applications possible during 
the 8-week treatment period of the trial. Similarly, if the patients used two tubes then pads and 
plasters were required for 56 applications.
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�e total number of felt pads boxes used per patient was calculated by dividing the number of 
applications by 36 (this is the total number of felt pads in a box: www.nu-careproducts.co.uk/
chiropody.htm#feltpads, product PPD12619) and rounded up to a whole number. Similarly, 
for the plasters, a box of 10 fabric strips sold by a national pharmacy chain,20 equivalent to 20 
applications, was used as a reference. �e total number of boxes needed for the treatment was 
calculated by dividing the number of applications by 20 and rounding up to a whole number.

�e cost of the health-care professional’s time for the administration of treatment was calculated 
based on an average appointment time of 20 minutes.

Unit costs of the treatments
�e unit costs for the cryotherapy equipment were retrieved either from the supplier’s website 
or from a catalogue that was sent to the di�erent trial centres. When more than one type of the 
same item was available, the average unit cost was calculated. �e unit costs for the cryotherapy 
equipment are presented in Table 1.

�e cost data that were used for calculating the cost of liquid nitrogen per treatment were 
retrieved from the purchases of liquid nitrogen of a single centre. �e costs included the cost of 
the liquid nitrogen and the cost of delivery. �e average cost over four purchases was calculated. 
Details are provided in Table 2.

For the salicylic acid treatment, the unit costs for the medication, pads and plasters are presented 
in Table 3.

TABLE 1 Unit cost of cryotherapy equipment

Item Source Size/type Pricea,b

Average 
price Price (£)c

Price including 
VAT (£)d

Cryogenic gloves Catalogue sent to 
Galway

€35.00 €35.00 28.88 33.94

Safety glasses BOC Products21 £4.42 £4.42 4.42 5.19

Dewar Catalogue sent to 
Galway

25 l aluminium €833.00 €868.00 716.30 841.65

25 l stainless steel €903.00

Tipping trolley for 
Dewar

Catalogue sent to 
Galway

€433.00 €433.00 357.33 419.86

Withdrawal device Catalogue sent to 
Galway

€708.00 €708.00 584.26 686.51

Cryosurgery applicatorCatalogue sent to 
Galway

330 ml capacity 
applicator

€630.40 €642.10 529.88 622.61

450 ml capacity 
applicator

€653.80

Slim probe Catalogue sent to 
Galway

1 mm €99.40 €99.40 82.03 96.38

2 mm €99.40

3 mm €99.40

Cryogenic apron BOC Products21 Small £137.28 £163.02 163.02 191.55

Medium £154.44

Large £171.60

Extra large £188.76

a Different prices are provided for different sizes/types of equipment. The average price was calculated.
b All of the prices reported in euros refer to 2009–10 prices.
c Exchange rate: 1€ = 0.825232749 GBP (source: google.co.uk, date 10 June 2010).
d VAT was applied at 17.5%.
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Unit costs of the health-care professionals’ time
�e unit costs of the health-care professional’s time were retrieved from the Unit costs of health 
and social care 200918 document published by the Personal Social Services Research Unit 
(PSSRU) of Kent University. Unit costs for health-care professionals with the lowest quali�cations 
were chosen. �ese are presented in Table 4.

Data analysis
�e analysis of data was mainly dictated by the level of missing data for the primary outcome. 
�e base-case analysis was conducted as a ‘complete case analysis’, where only patients with 
available primary outcome data were included. Where resource use data were missing, mean 
values were imputed based on the response group of the patients.

An additional analysis was conducted by including all the patients and performing multiple 
imputations on both the primary outcome and the missing total costs.

For both analyses, the mean di�erences in costs and e�ects and the 95% CIs around those were 
calculated by using bias-corrected and -accelerated (BCA) bootstrap methods. For the mean 
di�erence in costs, a linear regression was used, whereas logistic regression was used for the 
di�erence in primary outcome, given the binary nature of the data.

All the analyses were conducted using S���� statistic and data analysis so�ware, version 10.1.

TABLE 2 Cost of liquid nitrogen

Item Source Price (€)a Average (€) Price (£)b
Price including 
VAT (£)c

Liquid nitrogen (calculated 
for 25-l Dewar)

Galway 
invoice

Invoice 1 2.79/l 65.88

Invoice 2 2.79/l

Invoice 3 2.48/l

Invoice 4 2.48/l

Delivery charges Galway 
invoice

Invoice 1 38/delivery 27.43

Invoice 2 38/delivery

Invoice 3 16.86/delivery

Invoice 4 16.86/delivery

Total for liquid nitrogen and 
delivery

93.31 77.00 90.47

a All of the prices reported in euros refer to 2009–10 prices.
b Exchange rate: 1€ = 0.825232749 GBP (source: google.co.uk, 10 June 2010).
c VAT was applied at 17.5%.

TABLE 3 Unit costs for the salicylic acid treatment

Item Source Price including VAT (£)a

Verrugon 6 g BNF 5922 3.00

Fabric plasters Boots the Chemist 1.49

Pads www.nu-careproducts.co.uk/chiropody.htm#feltpads, product PPD126 2.30

BNF, British National Formulary.
a VAT was applied at 17.5%.
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Cost-effectiveness analysis
�e cost-e�ectiveness of cryotherapy versus salicylic acid was assessed by comparing the 
incremental costs between the two arms of the trial with the incremental bene�t, which is 
expressed as the di�erence in the proportion of patients with completely cleared verrucae at 
12 weeks.

When two options are compared, one is said to ‘dominate’ the other, and thereby is considered 
to be the more cost-e�ective option, if it is associated with a mean cost saving (a negative 
incremental cost) and positive mean incremental e�ect. Where one intervention does not 
dominate the other it is usual practice to calculate the incremental cost-e�ectiveness ratio (ICER) 
associated with each intervention group, relative to the next best alternative.

�e ICER was calculated by dividing the mean incremental cost (�C) by the mean incremental 
e�ect (�E) (ICER = �C/�E), where E is the di�erence in e�ectiveness and C is the cost. 
Subsequently, the decision-makers can assess whether or not the additional bene�t is worth the 
additional cost. Hence, a treatment strategy can be considered cost-e�ective only if the decision-
maker’s willingness to pay for an additional unit of outcome, i.e. the cost per additional patient 
cured at 12 weeks, is greater than (or equal to) the ICER. Cost-e�ectiveness acceptances curves 
(CEACs) were plotted. CEACs express the probability that a treatment is more cost-e�ective 
than its comparator for di�erent thresholds the decision-makers may be willing to pay for an 
additional unit of outcome.

TABLE 4 Unit costs for health-care professionals’ time

Health-care professional Source Unit of measurement Unit cost (£) Used for

Nurse (GP practice) PSSRU Per hour (minute) in clinic 28.00 (0.47) Administration of cryotherapy/salicylic acid

Nurse (GP practice) PSSRU Per surgery consultation 10 Additional nurse visits

GP PSSRU Per surgery/clinic minute 2.70 Administration of cryotherapy/salicylic acid

GP PSSRU Per surgery consultation lasting 
11.7 minutes 

31 Additional GP visits

Community chiropodist/
podiatrist

PSSRU Per clinic visit 11.00 Administration of cryotherapy/salicylic acid
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Chapter 3  

Protocol changes

Inclusion and exclusion criteria

�is study was funded via the NIHR HTA’s ‘medicines for children’ call, so the initial inclusion 
criteria focused on participants aged between 12 and 24 years of age. However, owing to poor 
recruitment, the possibility of opening up the inclusion criteria to participants over the age 
of 24 years was considered. �e study investigators, TSC and Data Monitoring and Ethics 
Committee (DMEC) could see no reason why participants over the age of 24 years should not be 
included in the study. It was felt that including these patients would improve the generalisability 
of the study’s �ndings, making the results of the study of greater interest to health-care 
practitioners. �erefore, it was decided to include patients over the age of 24 years, and although 
there was no known reason why results from participants from older patients should not be 
applicable to younger patients, it was decided to undertake an analysis looking for an interaction 
with age.

Following advice from the TSC (20 September 2006 and 19 July 2007), it was decided to exclude 
the following patients from the study in order to enhance patient safety:

 �Q patients who were currently on renal dialysis
 �Q patients who had cold intolerance, for example Raynaud syndrome or cold urticaria
 �Q patients who had any of the following conditions: blood dyscrasias of unknown origin; 

cryoglobulinaemia; cryo�brinogenaemia; collagen and autoimmune disease
 �Q patients who were immunosuppressed, for example had agammaglobulinaemia or were 

currently taking immunosuppressant drugs such as oral corticosteroids
 �Q patients with neuropathy.

Treatment regimens

In order to increase the generalisability of the study’s results it was decided that debridement 
prior to treatment with cryotherapy was no longer a requirement, but could be performed if 
it was the site’s usual practice. Following advice from the TSC (20 September 2006), further 
clari�cations to the cryotherapy regimen and the treatment of patients with more than 
one verruca were made (see Chapter 2, Cyrotherapy using liquid nitrogen delivered by the 
health-care professional).

Clari�cation of secondary outcomes and analysis

Following advice from the TSC (20 September 2006) it was decided to clarify the secondary 
outcomes, the adverse event reporting procedure and the economic analysis plan, and it was 
decided that the in�uence of prognostic variables on the primary outcome should be investigated.
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Questionnaire response rates

�e response rate to the 12-week questionnaire was initially lower than anticipated. Results of 
a systematic review23 identi�ed the use of �nancial incentives as a means of increasing response 
rates to postal questionnaires. �e YTU had also identi�ed that participant questionnaire return 
rates in previous NIHR HTA trials24 could be improved if participants were sent an unconditional 
£5 as a token ‘thank you’ reimbursement at the end of the trial.

We therefore applied to the regulatory authorities for permission to send participants £5 or €5 
with their week-12 questionnaire, i.e. the primary outcome data point. �is was not mentioned 
in the patient information sheet, so that any possibility that it would be interpreted as a �nancial 
incentive to taking part in the trial was minimised. �e week-12 questionnaire was preceded by 
a letter notifying the participant that their week-12 questionnaire was due to arrive shortly. �is 
letter also stated that the questionnaire would be accompanied by a £5 (or €5) note as a thank you 
for their taking part in the trial and completing the questionnaires.

Recruitment

�e original proposal contained �ve recruiting sites that planned to recruit three participants per 
month over an 18-month period. As the trial progressed, recruitment fell below expected levels 
despite the recruitment of extra study sites. Details regarding the recruitment of each site can be 
found in Appendix 1. An extension in time and funding was obtained from the funder and the 
recruitment period was extended to 39 months (November 2006 to January 2010).

In order to increase the number of eligible patients presenting to the recruiting sites, a variety of 
recruitment strategies were introduced. Details regarding the recruitment strategies can be found 
in Appendix 5.
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Chapter 4  

Clinical results section

Trial recruitment

Over the course of the trial there was a total of 16 participating sites: 15 in the UK and one in 
Ireland. �ese were the podiatry schools at the University of Northampton, the University of 
Hudders�eld, the University of Brighton (at Leaf Hospital, Eastbourne), Glasgow Caledonian 
University (at Southern General Hospital) and the National University of Ireland, Galway (NUI 
Galway); Brownlow Group Practice, Liverpool; Spring�eld Surgery, Bingley; She�eld PCT 
podiatry clinic; Sacriston Surgery, Sacriston; �e Haven Surgery, Burnhope; Peaseway Medical 
Centre, Newton Aycli�e; Arlington Road Medical Practice, Eastbourne; Claughton Medical 
Centre, Birkenhead; Harbinson House Surgery, Sedge�eld; Ann�eld Plain Surgery, Stanley; and 
Islington PCT podiatry service.

Recruitment of at least one trial participant took place in 14 out of the 16 sites. Recruitment was 
staggered, with sites joining and leaving the trial over its course. �e two sites that did not recruit 
any patients were Ann�eld Plain Surgery, because of the short time period between the site 
initiation visit and the end of the recruitment period, and Islington PCT podiatry services, which 
withdrew from the study before it had recruited any patients.

Recruitment began in November 2006 and ceased in January 2010. In total, 284 individuals were 
screened as potential participants and, of these, 242 (85.2%) were randomised. �e overall rate 
of recruitment is shown in Figure 1. �e number of participants recruited per site ranged from 2 
to 58 (Table 5). Figure 2 shows the CONSORT �ow chart of participants through the trial. Two 
ineligible participants with hand warts rather than verrucae on their feet were randomised in 
error, one to each treatment group. �ese two patients have been excluded from all tables, �gures, 
summaries and analyses (for exceptions, see Table 5 and Figures 1 and 2).

Baseline participant characteristics

In total, 240 eligible participants were recruited to the study: 117 in the cryotherapy group 
and 123 in the salicylic acid group. We received a completed baseline questionnaire for 237 
participants (114 and 123 individuals in the cryotherapy group and salicylic acid groups, 
respectively). �ree patients did not return their baseline questionnaires. �e baseline 
characteristics are summarised by treatment group in Tables 6 and 7. Data collected on 
participants’ previous verrucae are summarised by treatment group in Table 8.

�e majority of patients in the study were female (n = 157, 66%) and the median age of patients 
was 24 years, with the youngest person in the study being 12.0 and the oldest person being 
75.3 years. �e majority (n = 185, 78%) of participants had received previous treatment for 
their verrucae. In most cases this included self-treatment using an over-the-counter (OTC) 
preparation. Preparations previously used included salicylic acid preparations (Bazuka Gel, 
Bazuka Extra-Strength Gel, Verrugon, Salactol and Boots own-brand gel) and cryotherapy 
self-treatments (Wartner, Scholl Freeze and Bazuka Sub-Zero). In both groups, a small number 
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of individuals (six in the cryotherapy arm and eight in the salicylic acid arm) reported they had 
tried other treatments, including tea tree oil (four participants).

Just under 60% (n = 139) of participants reported that they were seeking treatment for their 
verrucae because it was painful; however, when patients were asked how painful their verrucae 
were, only 34 (14%) reported that they were in quite a lot or extreme pain. A large number of 

TABLE 5 Number of participants randomised by group and site

Site

Cryotherapy 
(N = 118)

Salicylic acid  
(N = 124)

Total  
(N = 242)

n (%) n (%) n (%)

University of Northampton 25 (21.2) 33 (26.6) 58 (24.0)

University of Hudders�eld 24 (20.3) 21 (16.9) 45 (18.6)

Glasgow Caledonian University 15 (12.7) 21 (16.9) 36 (14.9)

Arlington Road Medical Practice 14 (11.9) 5 (4.0) 19 (7.9)

Brownlow Group Practice 8 (6.8) 9 (7.3) 17 (7.0)

NUI Galway 5 (4.2) 8 (6.5) 13 (5.4)

Sacriston Surgery 6 (5.1) 7 (5.6) 13 (5.4)

University of Brighton 6 (5.1) 7 (5.6) 13 (5.4)

Shef�eld PCT 4 (3.4) 5 (4.0) 9 (3.7)

Claughton Medical Centre 3 (2.5) 3 (2.4) 6 (2.5)

Peaseway Medical Centre 4 (3.4) 1 (0.8) 5 (2.1)

Harbinson House Surgery 2 (1.7) 2 (1.6) 4 (1.7)

Spring�eld Surgery 1 (0.8) 1 (0.8) 2 (0.8)

The Haven Surgery 1 (0.8) 1 (0.8) 2 (0.8)

FIGURE 1 Trial recruitment rate.
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FIGURE 2 EVerT CONSORT diagram. a, More than one category could be checked for each patient. HCP, health-care 
professional.
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TABLE 6 Baseline characteristics

Characteristics Cryotherapy (N = 114) Salicylic acid (N = 123)

Gender

Female n (%) 84 (73.7) 73 (59.3)

Male n (%) 30 (26.3) 50 (40.7)

Age (years)

Mean (SD) 30.1 (15.7) 30.2 (16.4)

Median (minimum, maximum) 24.3 (12.2, 75.3) 23.2 (12.0, 70.6)
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individuals reported ‘other’ reasons for seeking treatment as a free-text comment. �e most 
frequently reported reasons included the unfavourable appearance of the verrucae, risk of 
infecting other individuals, the verrucae were annoying or embarrassing, the verrucae had been 
present for a long time and that the participants just wished to get rid of them. A large number 
of participants previously had verrucae and the median number of previous verrucae was two, 
occurring at 5–74 years of age.

TABLE 7 Baseline verrucae characteristics

Characteristics Cryotherapy Salicylic acid

No. of verrucae at baselinea

N 106 119

Mean (SD) 4.0 (6.6) 3.4 (3.6)

Median (minimum, maximum) 2.0 (1.0, 55.0) 2.0 (1.0, 20.0)

Duration of verrucae in months

N 108 119

Mean (SD) 25.0 (24.9) 26.9 (24.5)

Median (minimum, maximum) 14.5 (0.9, 144.0) 20 (1.5, 130.0)

Type of verrucae

Mosaic, n (%) 29 (26.9) 21 (17.5)

Non-mosaic, n (%) 79 (73.1) 99 (82.5)

Previous treatment

Yes, n (%) 89 (78.1) 96 (78.0)

No, n (%) 25 (21.9) 27 (22.0)

Type of previous treatmenta

N 89 96

Self-treatment, n (%) 81 (91.0) 82 (85.4)

Podiatrist/chiropodist, n (%) 24 (27.0) 29 (30.2)

GP, n (%) 30 (33.7) 43 (44.8)

Trial investigating verruca treatments, n (%)0 (0.0) 2 (2.1)

Other, n (%) 6 (6.7) 8 (8.3)

Reasons for seeking verruca treatmentb

N 114 123

Painful, n (%) 68 (59.6) 71 (57.7)

Unable to go swimming, n (%) 29 (25.4) 41 (33.3)

Unable to participate in other sports, n (%)18 (15.8) 28 (22.8)

Other, n (%) 46 (40.4) 59 (48.0)

Pain intensity

Not at all, n (%) 44 (38.9) 44 (36.1)

A little bit, n (%) 37 (32.7) 34 (27.9)

Moderately, n (%) 20 (17.7) 22 (18.0)

Quite a lot, n (%) 10 (8.8) 18 (14.8)

Extremely, n (%) 2 (1.8) 4 (3.3)

a Data were not received for 15 patients.
b More than one category could be checked so the total for all categories may total more than 100%.
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In general, the two groups were well balanced at baseline; however, there were slight imbalances 
in gender and the type of verrucae. �e proportion of women was greater in the cryotherapy 
group than in the salicylic acid group. However, as there is no evidence that gender is a 
prognostic factor for verrucae clearance, this imbalance is unlikely to a�ect clearance outcomes 
and gender was not included in any analyses. �e proportion of participants with a mosaic 
verruca was greater in the cryotherapy group than in the salicylic acid group.

Primary outcome: complete clearance of verrucae at 12 weeks

In total, 229 participants had a response for whether or not there was complete clearance of 
all verrucae at 12 weeks a�er randomisation, with 206 (90.0%) having a blinded outcome 
assessment: 159 (69.4%) had a blinded outcome assessment from a digital photograph with 31 
photographs deemed to be of insu�cient quality to allow an assessment to be undertaken (�e 
two assessors agreed that they were unable to assess 28 photographs. However, they disagreed 
on a further 51 photographs. When these 51 photographs were sent to the third assessor she was 
unable to assess three of these photographs, making a total of 31 photographs which could not be 
assessed.) Forty-seven (20.5%) had a blinded outcome assessment from a health-care professional 
assessment; four (1.7%) had an unblinded outcome assessment from a health-care professional 
assessment; and 19 (8.3%) had patient self-reported data. Overall, 32 of the 229 (14.0%) had 
complete clearance of all verrucae at 12 weeks: 17 out of the 119 (14.3%) patients in salicylic acid 
group and 15 of the 110 (13.6%) patients in the cryotherapy group. We compared the proportions 
of participants with complete clearance of all verrucae and there was no evidence of a di�erence 
between the salicylic acid and the cryotherapy groups (14.3% vs 13.6%, di�erence = 0.6%, 95% CI 
–9.6% to 8.3%; p = 0.89).

Determination of primary outcome
Table 9 shows the data comparing the outcomes from two independent assessors for photographs 
from 190 patients. Of these, 106 patients were deemed by both assessors to have verrucae, 
although both agreed that �ve patients’ verrucae had all cleared. �e assessors disagreed in 51 
cases: Assessor 1 classi�ed that two patients had no verrucae, whereas Assessor 2 classi�ed these 
patients as having verrucae. Similarly, Assessor 2 classi�ed that one patient had no verrucae, 

TABLE 8 Previous verrucae characteristics

Characteristics Cryotherapy Salicylic acid

Previous verrucae

Yes, n (%) 72 (63.7) 81 (65.9)

No, n (%) 34 (30.1) 36 (29.3)

Don’t know, n (%) 7 (6.2) 6 (4.9)

No. of previous verrucae

N 69 76

Mean (SD) 3.7 (3.5) 4.0 (4.01)

Median (minimum, maximum) 2.0 (1, 15) 2.0 (1, 25)

Age at which previous verrucae occurred (years)

N 72 77

Mean (SD) 18.9 (14.9) 17.9 (12.8)

Median (minimum, maximum) 13.5 (7.0, 74.0) 13.0 (5.0, 60.0)
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whereas Assessor 1 classi�ed them as still present. �ere were �ve cases in which Assessor 1 
classi�ed the verrucae as cleared, but Assessor 2 was unable to assess whether or not the verrucae 
had cleared. In the remaining 43 cases, the disagreement was between ‘not cleared’ and ‘unable to 
assess’ classi�cations. To quantify the strength of this association the kappa measure of agreement 
was estimated as 0.45 [standard error (SE) 0.05, 95% CI 0.35 to 0.55]. �is indicates a moderate 
level of agreement.

Secondary outcomes

Complete clearance of verrucae at 12 weeks adjusted analysis
�e primary analysis was repeated but controlled for age, whether or not the verrucae had been 
previously treated (yes/no) and the type of verrucae (mosaic/non-mosaic). �e results from the 
logistic regression highlighted that there was no evidence of a di�erence between the salicylic 
acid and the cryotherapy groups (OR 0.96, 95% CI 0.44 to 2.11; p = 0.92).

Age was categorised into three groups (< 18 years, > 18 but < 25 years, and over 25 years). �ere 
was a non-signi�cant e�ect of age (< 18 years vs > 25 years, OR 0.66, 95% CI 0.22 to 1.98; and 
> 18 years but < 25 years vs > 25 years, OR 0.80, 95% CI 0.35 to 1.82).

A�er adjusting for clustering of healing rates within a centre there was still no evidence of a 
di�erence between the salicylic acid and the cryotherapy groups (OR 1.04, 95% CI 0.43 to 2.50; 
p = 0.92). �e resultant intraclass correlation was almost zero (2.74 × 10–10; p = 1.00).

Self-reported time to clearance of verrucae
We compared the time to clearance of the verrucae between the two groups, adjusting for the 
same covariates as above (age, previous treatment and type of verrucae). �ere was no evidence 
of a di�erence in the time to clearance between the two groups when compared in the Cox 
proportional hazards model [hazard ratio (HR) 0.80, 95% CI 0.51 to 1.25; p = 0.33].

Clearance of verrucae at 6 months
We received data on presence/absence of verrucae at 6 months from 193 participants. Overall, 
62 of the 193 (32.1%) had complete clearance of all verrucae at 6 months: 29 of the 95 (30.5%) 
patients in the salicylic acid group and 33 out of the 98 (33.7%) patients in the cryotherapy group. 
�ere was no evidence of a di�erence between the salicylic acid and the cryotherapy groups 
(30.5% vs 33.7%, di�erence = –3.1%, 95% CI –10.0% to 16.3%; p = 0.64). �e �ndings from the 
adjusted analysis were similar to the unadjusted analysis (OR 1.17, 95% CI 0.62 to 2.21; p = 0.62).

TABLE 9 Results of the blinded classi�cation of clearance of verrucae using photographs by the two 
independent assessors

Assessor 1

Assessor 2

TotalCleared Not cleared Unable to assess

Cleared 5 1 5 11

Not cleared 2 106 41 149

Unable to assess 0 2 28 30

Total 7 109 74 190
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Number of verrucae remaining at 12 weeks
�e median number of verrucae at 12 weeks in the salicylic acid group was 2 (minimum to 
maximum = 0–20) and in the cryotherapy group was 1 (minimum to maximum = 0–40). �ere 
was no evidence of a di�erence in the number of verrucae at 12 weeks between the two groups 
[incidence rate ratio (IRR) 1.08, 95% CI 0.8 to 1.43; p = 0.62].

Patient’s treatment preference
Twenty-eight (11.7%) and 86 (35.8%) participants expressed a preference at baseline for salicylic 
acid and cryotherapy, respectively, whereas 104 (43.3%) did not have a preference and 22 
people did not respond to this question. When we extended the primary analysis to include an 
interaction term between randomised treatment and preferred treatment we found no evidence 
to suggest that patients’ preferences at baseline in�uenced the outcome.

Missing data
We investigated the sensitivity of the results to missing data with multiple imputation analysis. 
�ere was little di�erence in the estimates obtained from the complete case analysis and the 
multiple imputation analysis. �e summary of the sensitivity of results to missing data is 
presented in Table 10.

Patients’ willingness to have the same treatment allocation
�ere was an association between willingness to have the same allocation and treatment 
randomised {chi-squared test statistic 17.90 [2 degrees of freedom (df)]; p = 0.0001}. More 
patients were willing to have cryotherapy again and fewer patients were willing to have salicylic 
acid again than expected under independent association.

Additional data collected

Recurrence of verrucae at 6 months
�irty-two patients had clearance of verrucae at 12 weeks. At 6 months, 22 of these 32 patients 
had reported their verrucae as gone, six had missing data and four (two patients in each group) 
reported that their verrucae had returned in its original place.

Patient satisfaction with treatment
Table 11 summarises patient satisfaction with treatment, reported on a �ve-point scale (from 
‘very unhappy’ to ‘very happy’) on the participant week-1, week-3 and week-12 questionnaires.

At week 1, the majority of participants in both groups were happy with their treatment, with 
68 individuals (67%) and 69 individuals (65%) in the cryotherapy and salicylic acid treatment 
groups, respectively, answering that they were either ‘happy’ or ‘very happy’. Only a small 

TABLE 10 Summary of the sensitivity of results to missing data

Outcome Complete cases estimate (95% CI) Multiple imputation estimate (95% CI)

Clearance at 12 weeks (unadjusted) 0.95 (0.45 to 2.00) 1.01 (0.49 to 2.08)

Clearance at 12 weeks (adjusted) 0.96 (0.44 to 2.11) 0.99 (0.47 to 2.07)

Clearance at 6 months 1.17 (0.62 to 2.21) 1.18 (0.68 to 2.08)

No. of verrucae 1.08 (0.81 to 1.43) 1.06 (0.82 to 1.38)



28 Clinical results section

proportion of individuals (7% in the cryotherapy group and 6% in the salicylic acid group) were 
unhappy (answered ‘unhappy’ or ‘very unhappy’) with their treatment. At week 3, participants in 
both groups reported a similar level of satisfaction with their treatment to week 1. �e majority 
(73% in the cryotherapy group and 61% in the salicylic acid group) reported that they were 
happy, and only 10% and 12% in the cryotherapy and salicylic acid treatment groups, respectively, 
reported that they were unhappy. At week 12, once again the majority (62%) of participants in 
the cryotherapy group reported that they were happy with their treatment and only 13% reported 
that they were unhappy. However, in the salicylic acid group individuals were less happy with 
their treatment than they were at previous time points and compared with the cryotherapy group 
at the week-12 time point. Forty individuals (41%) were happy, whereas 31 individuals (32%) 
were unhappy.

Whether or not the participants would be willing to receive the same treatment again is 
summarised in Table 12.

In total, 146 (77%) participants indicated at 12 weeks whether they would or would not have 
the same treatment again. �e majority (n = 65, 71%) of cryotherapy patients reported that they 
would be willing to receive the same treatment again, whereas only 42 (43%) of salicylic acid 
patients were willing to repeat their treatment.

Pain associated with �rst treatment
Participants were asked to record the level of pain associated with their �rst treatment. �is was 
reported on a 0–10 pain scale, where 0 represents no pain and 10 is the worst pain imaginable. 
�e mean pain intensity associated with the �rst cryotherapy treatment was 3.05 (with a 
minimum score of 0 and a maximum score of 8), whereas the mean pain intensity associated with 
the �rst salicylic acid treatment was lower at 0.75 (with a minimum score of 0 and a maximum 
score of 7).

Pain associated with verrucae and use of painkillers
Pain associated with participants’ verrucae is summarised in Table 13. At weeks 1 and 3, 
the majority of participants in both treatment groups reported that their verrucae were not 
painful or a little painful. A minority reported a lot of pain (answering ‘quite a lot of pain’ or 
‘extremely painful’).

TABLE 11 Patient satisfaction with treatment at weeks 1, 3 and 12

Questionnaire

Satisfaction with treatment

Very unhappy Unhappy Indifferent Happy Very happy

Week 1

Cryotherapy, n (%) 6 (5.9) 1 (1.0) 26 (25.7) 43 (42.6) 25 (24.8)

Salicylic acid, n (%) 1 (0.9) 5 (4.7) 32 (29.9) 54 (50.5) 15 (14.0)

Week 3

Cryotherapy, n (%) 10 (9.6) 0 (0.0) 18 (17.3) 48 (46.2) 28 (26.9)

Salicylic acid, n (%) 3.9 (4.0) 8 (7.7) 29 (27.9) 46 (44.2) 17 (16.4)

Week 12

Cryotherapy, n (%) 7 (7.9) 5 (5.5) 23 (25.3) 30 (33.0) 26 (28.6)

Salicylic acid, n (%) 10 (10.2) 21 (21.4) 27 (27.6) 25 (25.5) 15 (15.3)
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A minority of participants found it necessary to take painkillers during the �rst 3 weeks of the 
study (n = 9), with more individuals taking painkillers in the cryotherapy group (n = 8) than in the 
salicylic acid group (n = 1). �ose individuals who had used painkillers took them for between 1 
and 4 days.

Treatment details
Table 14 summarises the cryotherapy treatment details reported by the treating health-care 
professional. Out of the 117 patients randomised to cryotherapy, treatment details were returned 
on the podiatrist treatment assessment form for 109 (93.2%) individuals and are summarised 
here. �e mean number of visits to the clinic or GP practice for cryotherapy treatment was 3.6, 
with a minimum of one and a maximum of �ve visits. �e mean duration between visits for 
treatment was 18.3 days, with a minimum of 9.7 days and a maximum of 52.5 days. At each 
treatment visit, participants received a mean of 1.6 applications of liquid nitrogen, with each 
application lasting a mean of 10.9 seconds. In the vast majority of cases (94.2%), the health-care 
professional considered that a su�cient freeze had been achieved and for only 9% of the freezes 
did the patient request that the freeze was stopped. �e main reason for stopping the freeze was 
that it was painful.

Table 15 summarises the data collected on adherence for the salicylic acid treatment group. �e 
majority (76%) of individuals received one tube of salicylic acid during the trial, and a mean of 
2.8 g (SD 2.2 g) of ointment from each tube was used during the treatment period. Self-reported 
adherence was reasonably high, with participants applying salicylic acid on a mean of 6.3 days 
and 5.4 days out of 7 days at weeks 1 and 3, respectively.

Adverse events
In total, 19 participants reported 28 adverse events. Of these 28 events, one was classed as 
serious and unrelated to the treatment (salicylic acid). Of the remaining 27 events, 13 were in 
the salicylic acid group and 14 were in the cryotherapy group. �e relationship between the non-
serious adverse events and treatment group is reported in Table 16. �ere were two treatment-
related non-serious adverse events, both of which were in the cryotherapy group. Both patients 
developed a blister that was larger in size than expected in routine practice.

TABLE 12 Participants’ willingness to receive allocated treatment again 

Response Cryotherapy (N = 91) Salicylic acid (N = 98)

Yes, n (%) 65 (71.4) 42 (42.9)

No, n (%) 9 (9.9) 30 (30.6)

Not sure, n (%) 17 (18.7) 26 (26.5)

TABLE 13 Pain associated with verrucae

Verruca painful today?

Week 1 Week 3

Cryotherapy Salicylic acid Cryotherapy Salicylic acid

Not at all, n (%) 43 (41.7) 42 (39.3) 62 (59.6) 46 (44.7)

A little bit, n (%) 35 (34.0) 34 (31.8) 25 (24.0) 34 (33.0)

Moderately, n (%) 16 (15.5) 19 (17.8) 13 (12.5) 14 (13.6)

Quite a lot, n (%) 9 (8.7) 10 (9.3) 3 (2.9) 8 (7.8)

Extremely, n (%) 0 (0.0) 2 (1.9) 1 (1.0) 1 (1.0)
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TABLE 15 Salicylic acid treatment details

Treatment details Salicylic acid

No. of tubes dispensed

N 108

One tube, n (%) 82 (75.9)

Two tubes, n (%) 26 (24.1)

Weight of salicylic acid used (g)

N 58

Mean (SD) 2.8 (2.2)

Median (minimum, maximum) 2.4 (0.06, 9.3)

No. of times salicylic acid applied in the last 7 days

Week 1

N 106

Mean (SD) 6.3 (1.5)

Median (minimum, maximum) 7.0 (0.0, 7.0)

Week 3

N 103

Mean (SD) 5.4 (2.8)

Median (minimum, maximum) 6.0 (0.0, 22.0)

TABLE 14 Cryotherapy treatment details

Treatment details Cryotherapy (N = 109)

No. of visits

Mean (SD) 3.6 (0.70)

Median (minimum, maximum) 4.0 (1.0, 5.0)

Duration between visits (days)a

Mean (SD) 18.3 (6.8)

Median (minimum, maximum) 15.5 (9.7, 52.5)

No. of times applied

Mean (SD) 1.6 (0.7)

Median (minimum, maximum) 1.5 (0.3, 4.3)

Duration of each application (seconds)

Mean (SD) 9.5 (8.6)

Median (minimum, maximum) 9.5 (2.0, 60.0)

Suf�cient freezing took place (%) 94.2

Patients asked to stop the freeze (%) 9.0

a Two participants had missing data for this variable.
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Reasons for stopping treatment and any new treatments
Table 17 summarises the number of participants who found it necessary to stop their 
allocated treatment.

�ere was a low incidence of participants stopping their original treatment. Twenty-one 
participants (11.5%) reported stopping their original treatment. Of these, 16 participants were in 
the salicylic acid group and �ve in the cryotherapy group. �e reasons for stopping treatment are 
summarised in Table 18.

Of the participants who reported stopping their original treatment, three (15%) reported starting 
another treatment. �e cryotherapy patient started salicylic acid treatment and one of the 
salicylic acid patients continued their treatment with salicylic acid a�er a temporary stop. �e 
other salicylic acid patient did not state which treatment they started.

TABLE 16 Relationship of the non-serious adverse events by randomised group

Relationship Salicylic acid Cryotherapy Total (%)

Unrelated 9 7 16

Unlikely to be related 4 5 9

Possibly related 0 0 0

Probably related 0 0 0

De�nitely related 0 2 2

Unable to assess if related 0 0 0

Total 13 14 27

TABLE 17 Participants stopping allocated treatment

Cryotherapy Salicylic acid

Necessary to stop the original treatment?

Yes (%) 5 (5.6) 16 (17.0)

No (%) 84 (94.3) 78 (83.0)

If yes, was another treatment started?

Yes (%) 1 (25.0) 2 (12.5)

No (%) 3 (75.0) 14 (87.5)

TABLE 18 Reasons for stopping treatment

Reason Cryotherapy group Salicylic acid group

Pain 2 7

Poor condition of the participant’s skin 0 5

Blistering 2 0

Ran out of plasters 0 1

Participant believed verruca had gone 0 4a

a Participant started treatment again as found verruca had not gone.
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Chapter 5  

Economic analysis

This chapter presents the results of the economic analysis of the EVerT trial. We have 
undertaken several analyses to assess whether or not costing assumptions and missing data 

could have a�ected the results.

Summary of the resource usage

Data on resource usage were collected for the treatment visits, any additional contact with GPs or 
nurses, and emergency visits to the GP, as well as items related to the medication for both groups. 
�e average resource usage on the EVerT study is reported in Table 19.

During the trial, participants in the cryotherapy arm had a mean of 3.59 visits to the GP, nurse 
or podiatrist for treatment. �e salicylic acid arm participants had a mean of 1.94 visits. Only 
a small number of patients (three in each group) had extra visits to the GP, in addition to the 
planned treatment visits. Participants in the cryotherapy arm had a mean of 0.04 additional 
visits to the GP, whereas those in the salicylic acid arm had a mean of 0.01 additional visits. 
Eight patients from both groups had additional visits to a nurse. �is resulted in a mean number 
of additional nurse visits of 0.05 for the patients undergoing cryotherapy and 0.08 for the 
salicylic acid group. Salicylic acid patients received a mean of 1.25 tubes of Verrugon, whereas 
cryotherapy patients received a mean of 3.49 treatments.

Two emergency visits were reported, one in each group. For the salicylic acid patient, the 
comments referred to an event that happened before the randomisation date. �e cryotherapy 
patient did see the GP, but, a�er reviewing the trial co-ordinator’s notes for this patient, it was 
concluded that this visit was already reported as an additional visit to the GP.

Missing data on resource use and outcome

�ere was a signi�cant level of missing data on resource usage relating to additional GP or 
nurse visits: 30% and 28% for the cryotherapy and salicylic acid groups, respectively. �e level of 
missing data for treatment visits, number of tubes of Verrugon and cryotherapy applications was 
much lower, ranging from 2% to 7%.

�e missing items were a result of either the trial participants not returning the questionnaire or 
not completing the relevant questions on the questionnaire. Missing data on number of treatment 
visits was because of missing podiatrist treatment assessment forms. �e level of missing data was 
not related to the treatment allocation as demonstrated by a chi-squared test.

Table 20 presents details on the missing data for various resource usage items.

Table 20 supports the notion that the amount of missing data is not related to group allocation, 
which reduces the risk of bias. In the following analyses we adjusted for missing data through 
multiple imputation methods.
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Data analysis

Given the level of missing data for both the primary outcome and the resource use items, the 
analysis of data was based on two scenarios as will be described below.

Scenario 1: complete case analysis based on the primary outcome data
For the �rst scenario, only the patients who had primary outcome data were considered. Mean 
values were imputed for the missing resource usage items (i.e. treatments visits, additional visits 
to the GP or nurse, number of cryotherapy treatments, number of tubes of Verrugon). For the 
visits, the mean imputation was performed based on the outcome group (i.e. verrucae gone or not 
gone) and the treatment allocation. For the cryotherapy treatments and the number of Verrugon 
tubes, the means were imputed based on the outcome group only.

TABLE 19 Average resource usage

Item Cryotherapy Salicylic acid

Average no. of treatment visits

n 109 120

Mean (SE) 3.59 (0.072) 1.94 (0.38)

SD 0.75 0.42

Median (minimum, maximum) 4 (1, 5) 2 (1, 4)

Missing (%) 8 (7%) 3 (2%)

Average no. of additional GP visits

n 82 89

Mean (SE) 0.04 (0.03) 0.01 (0.01)

SD 0.25 0.11

Median (minimum, maximum) 0 (0, 2) 0 (0, 1)

Missing (%) 35 (30%) 34 (28%)

Average no. of additional nurse visits

n 82 89

Mean (SE) 0.05 (0.03) 0.08 (0.04)

SD 0.27 0.34

Median (minimum, maximum) 0 (0, 2) 0 (0, 2)

Missing (%) 35 (30%) 34 (28%)

Average no. of tubes of Verrugon

n NA 116

Mean (SE) NA 1.25 (0.04)

SD NA 0.44

Median (minimum, maximum) NA 1 (1, 2)

Missing (%) NA 7 (6%)

Average no. of cryotherapy treatments given to patients

n 109 NA

Mean (SE) 3.49 (0.08) NA

SD 0.80 NA

Median (minimum, maximum) 4 (1, 5) NA

Missing (%) 8 (7%) NA

NA, not applicable.
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�e total costs were calculated by summing up the cost of treatment visits, additional GP or 
nurse visits and the medication costs, i.e. the cost of cryotherapy equipment and liquid nitrogen 
per patient treatment for the cryotherapy group and the cost of Verrugon, pads and plasters for 
the salicylic acid group. Table 21 presents the costs by items of resource usage. �e majority of 
costs for both groups was owing to the cost of treatment visits, with the average cost per patient 
being larger in the cryotherapy group than in the salicylic acid group (£88.69 vs £39.59). �e 
second largest cost for the cryotherapy group was the cost of treatment, which included the cost 
of equipment and liquid nitrogen. �e average cost of the cryotherapy treatment per patient 
was £60.05.

To avoid any distributional assumptions on the cost and outcome data, the BCA 95% CIs around 
the mean di�erence in costs and outcomes were calculated by the bootstrapping method. �e 
mean di�erences in costs and the proportion of patients with cleared verrucae were calculated 
based on linear regression for the former and logistic regression for the latter. Two types of 
analyses were conducted: �rst, based on unadjusted costs and outcomes and, second, by adjusting 
them based on the age of the participants, whether or not they had received previous treatment 
and the type of verrucae.

Unadjusted costs and outcomes
�e results of the base case unadjusted analysis demonstrate that there is a signi�cant di�erence 
in the total cost per patient between the two arms of the study, with cryotherapy costing on 
average £101.17 more per patient. �e treatment e�ect for cryotherapy is smaller than that for 
salicylic acid, although statistically non-signi�cant. �e mean total costs and outcomes based 
on data a�er imputation are presented in Table 22, whereas the mean di�erence in costs and 
outcomes and the corresponding 95% CI are presented in Table 23.

Adjusted costs and outcomes
�e adjusted results lead to the same conclusion as the unadjusted results, i.e. cryotherapy is 
more costly and less e�ective (not statistically signi�cant) than salicylic acid treatment. Table 24 
presents the mean di�erence in adjusted costs and outcomes.

Cost-effectiveness and uncertainty
As demonstrated in Tables 23 and 24, cryotherapy is more costly and non-signi�cantly less 
e�ective. �e bootstrapped pairs of di�erence in costs and outcomes for both adjusted and 
unadjusted results are presented on a cost-e�ectiveness plane (CE plane) (see Figure 3) to 
visually demonstrate the above conclusions. As evident from the CE plane, almost 50% of 
the bootstrapped replicates falls either side of the line that goes through the zero di�erence 

TABLE 20 Missing data on resource use items and outcomes

Resource use or outcome data item

Missing response, n (%)
Treatment arm impact on level of 
missing data (Pearson chi-squared, 
p-value)Cryotherapy (n = 117)

Salicylic acid 
(n = 123)

Additional visits to GP or nurse 35 (30) 34 (28) (0.1511, p = 0.697)

Treatment visits 8 (7) 3 (2) (2.6528, p = 0.103)

No. of tubes of Verrugon NA 7 (6) NA

No. of cryotherapy treatments 8 (7) NA NA

Primary outcome 7 (6) 4 (3) (0.1345, p = 0.714)

NA, not applicable.
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in outcomes point (x-axis). �is is indicative of high uncertainty around the di�erence in 
e�ectiveness of the two treatments. In contrast, all of the cost replicates are above the zero line 
of the y-axis, i.e. no di�erence in costs. Figure 3 presents the CE plane for both unadjusted and 
adjusted results.

Figure 4 presents the CEACs. �is demonstrates the probability of the cryotherapy being cost-
e�ective given a speci�c willingness-to-pay value per ‘cured’ patient. �e adjusted and unadjusted 
data give the same results. In both cases, the probability that cryotherapy is cost-e�ective is 
around 40% at a threshold value of £15,000 per cured patient.

Sensitivity analysis based on the data analysis of scenario 1 (complete case 
for primary outcome data)

�e majority of costs for the cryotherapy group are owing to treatment visits (i.e. health-care 
professional’s time) and the cost of the treatment itself, i.e. the cost of the equipment and liquid 
nitrogen. A sensitivity analysis was carried out by adopting an extreme approach whereby the 
administration of the treatment was assumed to be carried out by a nurse (rather than a GP) 
in those study sites that were set up in GP practices and by excluding completely the cost of 
cryotherapy equipment and liquid nitrogen. In e�ect, this analysis would result in comparing 

TABLE 22 Mean total costs and outcomes based on data after imputation

Variable Treatment n Mean cost/outcome SE

Costs (£) Salicylic acid 119 49.22 3.46

Cryotherapy 110 150.39 7.48

Difference = 101.17; p < 0.001

Outcomes Salicylic acid 119 0.143 (17 patients) 0.032

Cryotherapy 110 0.136 (15 patients) 0.033

Difference = –0.006; p = 0.89

TABLE 23 Mean difference in costs and outcomes (BCA 95% CI)

Variable Mean difference 95% CI ICER

Costs (£) 101.17 85.09 to 117.26 Cryotherapy is dominated

Outcomes –0.0065 –0.10 to 0.08

TABLE 21 Costs by item of resource usage

Item Treatment group Mean cost (£) 95% CI

Treatment visits (health-care 
professional’s time)

Salicylic acid 39.59 33.26 to 45.92

Cryotherapy 88.69 74.70 to 102.68

Verrugon (including pads and plasters)Salicylic acid 8.50 7.97 to 9.03

Cryotherapy cost (liquid nitrogen and 
equipment cost)

Cryotherapy 60.05 57.57 to 62.53

Additional visit to GP Salicylic acid 0.35 –0.17 to 0.86

Cryotherapy 1.15 –0.09 to 2.38

Additional visit to nurse Salicylic acid 0.78 0.24 to 1.31

Cryotherapy 0.49 0.06 to 0.93

Total costs Salicylic acid 49.22 42.39 to 56.04

Cryotherapy 150.39 135.65 to 165.13
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both treatments based on the treatment visits only rather than including the cost of medication 
as well. Table 25 presents the results of the sensitivity analysis. Cryotherapy is again more costly 
than salicylic acid treatment. �is is because of the greater number of treatment visits that 
the patients made, even though the cost of the health-care professional who administered the 
cryotherapy was lower (nurse vs GP).

TABLE 24 Mean difference in adjusted costs and outcomes (BCA 95% CI)

Variable Mean difference 95% CI ICER

Costs (£) 101.21 84.18 to 118.25 Cryotherapy is dominated

Outcomes –0.00336 –0.09 to 0.08

FIGURE 3 Cost-effectiveness plane for unadjusted and adjusted costs and outcomes.
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FIGURE 4 Cost-effectiveness acceptability curves (adjusted and unadjusted data).
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Figures 5 and 6 present the CE planes and CEACs for both unadjusted and adjusted results of the 
sensitivity analysis. Cryotherapy remains more costly and all of the bootstrapped replicates of 
di�erence in costs are above the zero line, although outcome results do not change. �e smaller 
di�erence in costs between the two treatments (compared with the base-case analysis) results in 
cryotherapy having an approximately 40% probability of being cost-e�ective at a lower (than the 
base-case analysis) threshold.

Scenario 2: multiple imputation on the primary outcome data and on the 
missing total costs

Data were imputed by using multiple imputation methods for the 11 patients who had missing 
primary outcome data. �e multiple imputations were performed by using age, previous 
treatment and type of verrucae as covariates. Data were imputed also for the missing total costs of 
these 11 patients.

�e mean di�erences in costs and outcomes a�er multiple imputation are presented in Table 26. 
�e CE plane and CEAC are presented in Figures 7 and 8. �e results of the multiple imputation 
do not alter the overall conclusion of the study that cryotherapy is more costly than salicylic acid 
and that there is no evidence of it being more e�ective.

Summary of �ndings

�e EVerT trial has demonstrated that there is no evidence of a di�erence in e�ectiveness 
between cryotherapy and salicylic acid at 12 weeks. In fact, cryotherapy appears to be marginally 
worse than salicylic acid, without reaching statistical signi�cance. Cryotherapy is also more 
expensive than salicylic acid, at an average incremental cost of approximately £101 per patient. 
�is evidence results in cryotherapy being dominated (i.e. more costly, less e�ective) by 
salicylic acid.

Two scenarios for analysing the data were developed. One was based on complete case analysis 
for patients who had primary outcome data and mean imputation of cost data for the patients 
with missing information on di�erent cost items. �e second analysis was based on multiple 
imputation of the primary outcome and missing total cost data. Both analyses resulted in the 
same conclusions, i.e. cryotherapy is more costly and less e�ective than salicylic acid, and, hence, 
dominated by salicylic acid.

An extreme case sensitivity analysis was conducted by replacing the provision of treatment from 
a GP with nurses, and excluding the cost of cryotherapy equipment and liquid nitrogen, the 

TABLE 25 Difference in cost and outcomes

Variable Mean difference 95% CI ICER

Unadjusted

Costs (£) 9.18 7.09 to 11.26 Cryotherapy is dominated

Outcome –0.0065 –0.10 to 0.08

Adjusted

Costs (£) 9.17 7.00 to 11.33 Cryotherapy is dominated

Outcomes –0.00336 –0.09 to 0.08
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implicit assumption being that the equipment has a dual use. However, this analysis still resulted 
in cryotherapy being more expensive than salicylic acid. By excluding the cryotherapy treatment 
costs completely and reducing the cost of the health-care professional who administers the 
treatment it is made evident that the results are strongly driven by the lack of e�ectiveness as well 
as the larger number of treatment visits that cryotherapy patients have. When the costs of the 

FIGURE 5 Cost-effectiveness planes for unadjusted and adjusted costs and outcomes.

FIGURE 6 Cost-effectiveness acceptability curve for the sensitivity analysis.

�¶����
�¶��
�¶��
�¶��
�¶��
��
��

��
��
��

����
����
����
����
����

����

�¶������ �¶������ �¶������ ������
�+�P�M�M�L�Y�L�U�J�L���P�U���\�U�H�K�Q�\�Z�[�L�K���W�Y�V�W�V�Y�[�P�V�U�Z���+�P�M�M�L�Y�L�U�J�L���P�U���H�K�Q�\�Z�[�L�K���W�Y�V�W�V�Y�[�P�V�U�Z��

������

�+
�P

�M
�M

�L
�Y

�L
�U

�J
�L

���
P

�U
���

H
�K

�Q
�\�

Z
�[�

L�
K

���
J�

V
�Z

�[�
Z

���
��‰

��

������ ������
�¶����
�¶��
�¶��
�¶��
�¶��
��
��

��
��
��

����
����
����
����
����

����

�¶������ �¶������ �¶������ ������ ������ ������ ������

����
������

������

������

������

������

������

������

������

������

����� 

������

���� ���� ���� ���� ����

�<�U�H�K�Q�\�Z�[�L�K���K�H�[�H
�(�K�Q�\�Z�[�L�K���K�H�[�H

�>�P�S�S�P�U�N�U�L�Z�Z���[�V���W�H�`�����‰��������

�7
�Y

�V
�I�

H
�I�

P
�S

�P
�[�

`�
��J

�V
�Z

�[�
��L

�M
�M

�L
�J

�[�
P

�]�
L�

U
�L

�Z
�Z

TABLE 26 Mean difference in costs and outcomes after multiple imputation

Variable Mean difference 95% CI ICER

Costs (£) 101.39 86.29 to 117.29 Cryotherapy is dominated

Outcomes –0.0083 –0.10 to 0.08
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