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Abstract
Background I nterferons are natural messenger 
proteins that are used to treat various disease 
entities. Due to their immunomodulating, antiviral and 
antiproliferative effects, the systemic administration of 
interferons after ablative treatment for anogenital warts 
(AGWs) has been advocated to increase clearance and 
decrease recurrence rates. However, studies investigating 
the efficacy of adjuvant systemic interferon have yielded 
inconsistent results. The objective of this systematic 
review and meta-analysis was to comprehensively assess 
and evaluate the available evidence from randomised 
controlled trials.
Methods A  literature search was conducted in 
Cochrane Central Register of Controlled Trials, Embase 
and MEDLINE. Available data were classified according 
to the interferon type and dosage. Pooled effect 
estimates were calculated for predefined outcomes. 
The Cochrane Collaboration’s risk of bias tool was 
used to assess the included trials and the Grading 
of Recommendations Assessment, Development and 
Evaluation (GRADE) approach to evaluate our confidence 
in the effect estimates.
Results T welve trials were identified that met the 
inclusion criteria and assessed immunocompetent 
patients with external AGW. Compared with placebo, 
adjuvant alpha-, beta- and gamma-interferon were 
generally not significantly superior in terms of complete 
clearance over the short, intermediate or long term, nor 
with regard to intermediate- or long-term recurrence. 
However, the low-dose subgroup of adjuvant alpha-
interferon was significantly superior compared with 
placebo regarding intermediate-term complete clearance 
and recurrence. Further data were available for the 
comparison of different dosages of alpha- and beta-
interferon and for comparisons of the three interferon 
types. No significant differences were seen in these 
comparisons regarding efficacy. Data on quality of life 
were not available.
Conclusions T he GRADE quality of the evidence ranged 
from ’very low’ to ’high’. The significantly higher efficacy 
of low-dose alpha-interferon compared with placebo was 
based on a single trial, and our confidence in the effect 
estimates rated as ’low’. Overall, we found no reliable 
evidence favouring the systemic use of interferon after 
ablative treatment of AGW.

Introduction
Anogenital warts (AGWs, condylomata acuminata) 
are caused by infections with particular types of 

human papillomaviruses (HPVs). The main cause is 
HPV types 6 and 11, which are responsible for about 
90% of all AGWs.w1 Since these viruses are predom-
inantly sexually transmitted and highly contagious, 
the main risk factors are related to sexual activity 
such as the number of lifetime sexual partners and 
less frequent condom use.w2 3 The highest incidence 
rates have been reported for young women (aged 
20–24) and men (aged 25–29) with peak rates of 
up to 8.61 cases per year in 1000 young Australian 
women.w4 5 AGWs are widespread within the sexu-
ally active population and one of the most common 
sexually transmitted diseases.

Although AGWs are usually not referred to as a 
serious condition, the loss in quality of life (QoL) 
of patients with AGW may be significant.w6-10 
Besides physical symptoms such as pruritus and 
pain, the impact on sexuality and feelings of shame, 
guilt and anxiety are major limitations to QoL.w11-

14 Currently available treatment options exhibit 
significant proportions of failures and recurrences 
(eg, podophyllotoxin solution 0.5%: clearance 
45%–83%, recurrence 13%–100%; electrosur-
gery: clearance 94%–100%, recurrence 22%).w15 
This is especially true for immunocompromised 
patients.w16 Identifying effective treatment strate-
gies is of major importance.

Three different types of human interferon (IFN) 
are widely used for the treatment of various diseases 
due to their immunomodulating, antiviral and anti-
proliferative properties. Numerous studies have 
been conducted to investigate the topical, intrale-
sional and systemic use of IFN as a treatment for 
AGW.w17-21 Although some trials reported a signif-
icant superiority compared with placebo, clearing 
rates were not comparable to commonly used 
preparations (eg, imiquimod 5% cream and podo-
phyllotoxin 0.5% solution) or ablative treatment 
modalities (eg, laser therapy and electrosurgery).w15 

17 However, the systemic administration of IFN as 
an adjuvant therapy consecutive to an ablative treat-
ment is still being discussed as a potential option 
to increase clearing rates and reduce recurrence 
rates.w22 Some studies addressing the use of IFN as 
an adjuvant treatment detected a beneficial effect,1–4 
whereas other trials found no significant differences 
to placebo.5–11 To address these ambiguities, we 
carried out a systematic review and meta-analysis 
summarising and evaluating the available evidence 
from randomised controlled trials (RCTs).
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Methods*
We conducted a systematic review and meta-analysis following 
the methodology of the ‘Cochrane Handbook for Systematic 
Reviews of Interventions’12 and the ‘Grading of Recommen-
dations Assessment, Development and Evaluation’ (GRADE) 
approach.13 The eligibility criteria, searched databases and 
methods applied during the analysis were predefined in an 
internal protocol.

Eligibility criteria
Studies reporting on both immunocompetent and immuno-
compromised patients clinically diagnosed with internal (eg, 
vaginal, anal) or external (eg, penile, vulval, perianal) AGW were 
eligible. Exclusion criteria were cervical or intraurethral lesions 
and subclinical HPV infections.

All types (alpha, beta, gamma) of systemically administered 
IFN in combination with ablative (eg, laser, electrocautery, cryo-
therapy) or topical treatments (eg, podophyllotoxin solution, 
imiquimod cream) were eligible as intervention. The following 
treatment modalities could serve as comparator: placebo (or 
no treatment), a different IFN type or a different IFN dose, if 
combined with the same additional therapy as investigated in the 
interventional group.

Studies had to report at least one of the following outcomes:
►► Complete clearance (CC) at 4 weeks (±4 weeks) after end of 

treatment (EOT) (‘short-term CC’)
►► CC at 16 weeks (±8 weeks) after EOT (‘intermediate-term 

CC’)
►► Dropouts due to adverse events (AEs).
Further outcomes were evaluated if available:
►► AE (fever or flu-like symptoms, headache, fatigue)
►► QoL (validated assessment tools)
►► Recurrence of lesions at 16 weeks (±8 weeks) after EOT in 

patients who had a CC at 4 weeks (±4 weeks) after EOT 
(‘intermediate-term recurrence’)

►► CC at 12 months (±6 months) after EOT (‘long-term CC’)
►► Recurrence of lesions at 12 month (±6 months) after EOT 

in patients who had a CC at 4 weeks (±4 weeks) after EOT 
(‘long-term recurrence’).

Only randomised controlled studies with at least 10  partic-
ipants in every group at baseline were eligible. Abstracts were 
excluded. The language was restricted to English and German.

Literature searches and data management
A comprehensive literature search was performed in the 
Cochrane Central Register of Controlled Trials, Embase and 
MEDLINE including MEDLINE in process. For the complete 
search strategy, see the  online  supplementary material 1.1. 
References of included articles were cross-checked for studies 
matching the inclusion criteria.

Two investigators (LW  and RNW) independently screened 
titles and abstracts of the publications identified during the 
literature search. During the full-text evaluation, performed by 
the same two authors, reasons for the exclusion of studies were 
recorded.

Data extraction was conducted independently by two investi-
gators (LW and RNW) using standardised data extraction forms. 
Disagreements concerning the inclusion of studies and extracted 
data were resolved through discussion. If this was not possible, 
a third investigator (CD/AN) was involved. Extracted data items 
are listed in the online supplementary material 1.2. For the 
meta-analyses of CC rates, intention-to-treat data were used. If 
these were not reported, non-responder imputation was applied.

The results of the meta-analyses were reported as risk ratios 
(RRs) with 95% confidence intervals (CIs).14 Effect estimates 
were calculated with Mantel-Haenszel meta-analyses, applying a 
random-effects model.12 Pooling included different IFN subtypes 
(eg, alpha-2a, alpha-2b) but not different IFN types (alpha, beta, 
gamma). The available data were grouped according to the 
administered dose:

►► Low dose (below 9 million International Units (MIU) per 
week)

►► High dose (at least 9 MIU per week in at least 1 week during 
treatment)

►► Very high dose (at least 18 MIU per week in at least 1 week 
during treatment).

When the IFN dose was individualised according to the partic-
ipants’ body surface area, the average of 1.79 m² for adults was 
used to categorise the respective study.15 An overall effect esti-
mate of a particular IFN type, comprising data of all the available 
dosing subgroups, was calculated in case of absence of statistical 
(I² ≥60%) and clinical heterogeneity. Review Manager, V.5.3.5, 
was used for all analyses.16

Risk of bias and overall quality of evidence
The GRADE approach was applied to assess the quality of the 
evidence.13 First, the risk of bias of each study was evaluated 
using the ‘Cochrane Collaboration’s tool for assessing risk of bias 
in randomised trials’.17 Subsequently, the overall confidence in 
the pooled effect estimates was evaluated at the outcome level.18 
During this assessment, the risk of bias within the contributing 
studies,19 inconsistency,20 indirectness,21 imprecision22 and 
publication bias23 was considered. The criteria for rating these 
items are given in the online supplementary material 1.3. Based 
on this evaluation, the overall quality of the evidence was cate-
gorised as very low, low, moderate or high.

Results
The literature search was conducted on 28 April 2016 and 
yielded 579 hits. After removing 216 duplicates, 363 remained 
for evaluation. During the title and abstract screening, 329 refer-
ences were excluded. Of the 34 articles screened in full  text, 
22 further articles were excluded, resulting in the inclusion of 
12 studies in the quantitative analysis. No further studies were 
identified through a cross-check of the included studies’ refer-
ence lists. Figure 1 (PRISMA flowchart) illustrates the flow of 
information during study selection. Reasons for the exclusion of 
each study during the full-text evaluation are listed in the online 
supplementary material 2.1.

The 12 included studies2–11 24 25 comprised 1070 participants 
in the relevant study arms and reported on immunocompetent 
patients only. Studies reporting on HIV-positive or other immu-
nocompromised patients were not available. Regarding the 
location of warts, four trials2 6 8 9 reported solely on external 
warts, whereas eight trials3–5 7 10 11 24 25 considered both external 
and internal warts without reporting them separately. However, 
in all of these trials, the majority of participants had external 
lesions. Data on the impact of the evaluated interventions on 
QoL were not available. For detailed information regarding the 
study and sample characteristics, see table 1.

The risk of bias within the included studies was heterogeneous 
(see figure 2, risk of bias summary). Our evaluations regarding 
confidence in the effect estimates (GRADE quality of the 
evidence) are reported along with the outcome results.

RRs, CIs  and GRADE evaluations for all outcomes and 
subgroups are given in the Summary of Findings tables (see online 
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supplementary material 2.4). For doses, treatment duration and 
other study characteristics, see table 1.

Adjuvant alpha-IFN versus placebo or no treatment
Eight trials3–10 (n=757) compared alpha-IFN with placebo (or no 
treatment) combined with an additional treatment. Seven trials3 5–10 
investigated high doses, and two trials4 6 investigated low doses of 
alpha-IFN. Regarding short-term CC, no significant differences 
between the groups were detected, neither in the overall pooled 
estimate, nor in the high-dose or low-dose subgroup (figure 3a). 
Data for intermediate-term CC showed no significant differences 
in the overall pooled estimate, as well as in the separate analysis of 
the high-dose subgroup. Within the low-dose subgroup, alpha-IFN 
was significantly superior to placebo (1 RCT, RR 3.09, 95% CI 
1.04 to 9.18, GRADE: low) (figure 3b). No significant differences 
were detected regarding long-term CC (total: 3 RCTs, RR 1.00, 
95% CI 0.85 to 1.19, GRADE: high, statistical heterogeneity: 
I²=0%). For intermediate-term recurrence, pooling of the high-
dose and low-dose subgroups was not appropriate due to statis-
tically heterogeneity (I²=84.5%); for the high-dose subgroup, 
no significant differences were detected, whereas the low-dose 
subgroup exhibited a significant superiority of adjuvant alpha-IFN 
compared with placebo (figure 3c). No significant differences were 
detected regarding long-term recurrence (total: 3 RCTs, RR 1.00, 
95% CI 0.85 to 1.19, GRADE: high, I²=0%). For dropouts due to 
AE, data were available only for the high-dose regimen (5 RCTs, 
RR 2.57, 95% CI 0.65 to 10.09, GRADE: moderate). Fever or 
flu-like symptoms were reported in a significantly higher frequency 

in participants receiving alpha-IFN injections, whereas no signifi-
cant differences were detected for headache and fatigue. All AE 
data refer to the high-dose regimen (see  online supplementary 
material 2.4.1).

Adjuvant beta-IFN versus placebo or no treatment
Two trials (n=137) investigated adjuvant beta-IFN in a high-
dose5 and very high dose2 combined with an ablative therapy. No 
significant differences between the verum and placebo groups 
were seen for short-term CC (1 RCT, RR 0.88, 95% CI 0.45 
to 1.73, GRADE: low) and intermediate-term CC (1 RCT, RR 
1.22, 95% CI 0.95 to 1.56, GRADE: low), both of these refer-
ring to a very high dose regimen. The RR regarding dropout due 
to AE could not be calculated due to zero events.5 Occurrence 
of AE showed no significant differences to placebo (see online 
supplementary material 2.4.2); these data refer to the high-dose 
regimen.

Adjuvant gamma-IFN versus placebo or no treatment
Two trials (n=95) evaluated a placebo comparison of high-dose5 
or low-dose11 gamma-IFN combined with ablative therapy. No 
significant differences were detected regarding long-term CC (1 
RCT, RR 1.25, 95% CI 0.47 to 3.33, GRADE: moderate), inter-
mediate-term recurrence (1 RCT, RR 1.20, 95% CI 0.54 to 2.67, 
GRADE: moderate) and long-term recurrence (1 RCT, RR 1.00, 
95% CI 0.39 to 2.53, GRADE: moderate); these data refer to the 
low-dose regimen. Regarding dropouts due to AE, zero events 

Figure 1  PRISMA flowchart. Flow of information during study selection. IEN, intraepithelial neoplasia; IFN, interferon.
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occurred in both trials. AEs were reported in a higher frequency 
within the gamma-IFN group; a significant level was reached 
for fever or flu-like symptoms and headache but not for fatigue 
(see online supplementary material 2.4.3). AE data refer to the 
high-dose regimen.

Adjuvant alpha-IFN high dose versus low dose
Two studies,6 25 including 192 participants, evaluated a compar-
ison of different alpha-IFN doses in combination with ablative 
therapy. Data were available for short-term CC, long-term CC, 
long-term recurrence  and dropouts due to AE. No significant 

Figure 2  Risk of bias summary. Review authors' judgements about each risk of bias item for included studies.
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differences were found between the groups (see online supple-
mentary material 2.4.4).

Adjuvant beta-IFN very high dose versus high dose
One study24 (n=50) compared different doses of beta-IFN in 
combination with cryotherapy. Data were available for interme-
diate-term CC, dropouts due to AE, fever or flu-like symptoms 

and headache. No significant differences were found between 
the groups (see online supplementary material 2.4.5).

Direct comparisons of different IFN types
The study by Bonnez and colleagues5 compared high-dose regi-
mens of adjuvant alpha-, beta- and gamma-IFN, combined with 
cryotherapy in each of the groups. Results for efficacy outcomes 

Figure 3  Forest plots for efficacy outcomes of the comparison of adjuvant alpha-IFN versus placebo.
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were not extractable, since no absolute data were stated in this 
study (see  online supplementary material 2.3). However, the 
authors reported no significant differences between the three 
types of IFN (page 1084). No significant differences were seen 
regarding dropouts due to AE. Regarding AE, the following 
results were seen:

►► Alpha-IFN versus beta-IFN: AE occurred more often in the 
alpha-IFN group; however, differences were only significant 
regarding fever or flu-like symptoms.

►► Beta-IFN versus gamma-IFN: participants receiving beta-IFN 
experienced fewer AE; these differences were only signifi-
cant regarding fever or flu-like symptoms and headache.

►► Alpha-IFN versus gamma-IFN: A general tendency was 
not noticed; with respect to headache, participants of the 
alpha-IFN group experienced significantly more events 
(see online supplementary material 2.4.6-2.4.8).

Additional analysis
Different subtypes of IFN (eg, alpha-2a and alpha-2b), as well 
as different types of combined therapies (eg, laser therapy and 
cryotherapy), were investigated in the included studies. These 
differences raise the question of whether or not the pooling of 
these studies is appropriate. We investigated the influence of 
these treatment modalities within the high-dose subgroup of the 
comparison adjuvant alpha-IFN versus placebo. Regarding this 
group, the highest number of studies was available, and variation 
in dose and dosing schedule was negligible (see table  1). The 
studies were allocated to subgroups regarding combined therapy 
(laser  therapy vs cryotherapy vs podophyllin) and checked for 
subgroup differences. No significant differences were seen 
between these subgroups (eg, short-term-CC: χ²=0.42, df=2, 
p=0.81).

Additionally, we investigated the influence of different 
subtypes of alpha-IFN (alpha-2a vs alpha-2b vs alpha-n1) on the 
outcomes. No statistically significant subgroup differences were 
detected (eg, short-term-CC: χ²=0.69, df=1, p=0.41).

Discussion
The present systematic review and meta-analysis summarised and 
evaluated the available evidence from RCTs addressing the adju-
vant use of systemic IFN for AGW. The majority of the included 
studies investigated the comparison of adjuvant alpha-IFN 
versus placebo following ablative treatment in each of the study 
groups. Considering the overall effect estimates, no significant 
differences were seen in efficacy outcomes. Statistically signifi-
cant superiority over placebo was only seen regarding interme-
diate-term CC and intermediate-term recurrence for a low-dose 
regimen of alpha-IFN. However, our confidence in these effect 
estimates was rated as ‘low’. This rating was based on the impre-
cision of the results (with a questionable clinical significance of 
the difference between the groups) and the high risk of bias in 
the small trial4 (n=35) which was available for this comparison. 
Assuming a dose–response relationship and given the non-supe-
riority of high-dose alpha-IFN regimens compared with placebo, 
the significant superiority of the low-dose alpha-IFN regimen 
over placebo is not plausible and should be interpreted with 
caution.

For the comparisons of the other IFN types with placebo, 
few trials were available, and regarding efficacy, beta- and 
gamma-IFN were not significantly superior compared with 
placebo. Conforming to these findings, neither comparisons 
between different dosing regimens of a particular IFN type nor 
the comparison of the different IFN types (study of Bonnez et al,5 

page 1084)  exhibited significant differences regarding efficacy 
outcomes.

None of the assessed AEs were significantly different for the 
comparison of beta-IFN with placebo. Significantly higher rates 
of fever or flu-like symptoms were seen in patients treated with 
alpha- or gamma-IFN compared with placebo. Participants 
receiving gamma-IFN experienced headache significantly more 
often than participants in the placebo group. In direct compari-
sons, patients treated with beta-IFN showed significantly lower 
rates of fever or flu-like symptoms compared with those treated 
with alpha- or gamma-IFN. Similarly, the beta-IFN group exhib-
ited significantly lower rates of headache compared with the 
gamma-IFN group. Despite these significant results for AE, no 
significant differences were detected regarding dropouts due to 
AE. Thus, we conclude that AEs of all IFN types were generally 
not of a severe nature and usually acceptable for the participants.

The GRADE quality of the evidence was heterogeneous, 
ranging from ‘very low’ to ‘high’. These ratings express our 
confidence in the effect estimates and are therefore crucial when 
deducting conclusions from the results. However, these ratings 
do not consider the total number of participants of the pooled 
analyses, and statistical insignificance may also result from insuf-
ficient statistical power to detect differences; to keep this in 
mind is especially important when interpreting the non-signif-
icant results of this review.

Adjuvant treatment with IFN is particularly discussed for 
patients who experienced multiple recurrences. Only a single 
trial11 addressed solely recurrent AGW. Furthermore, the absence 
of eligible studies regarding immunocompromised patients, in 
whom these conditions occur more frequently, has to be seen as 
a limitation.

In our additional analyses of high-dose alpha-IFN, different 
subtypes of alpha-IFN and different combined treatments did 
not influence the CC rates. Although most data were available 
for the high-dose alpha-IFN subgroup, the total number of eight 
contributing studies was still small. Due to the small number of 
studies, the test for subgroup differences is not highly sensitive. 
Therefore, it is conceivable that the effect of IFN is depending 
on the subtype (eg, alpha-2a vs alpha-2b) and the combined 
treatment (eg, laser therapy vs cryotherapy). Also, the different 
dosing schedules (three times weekly vs daily) may differ in CC 
rates.

This review considered the patient-reported outcomes of 
headache and fatigue. However, none of the included trials 
investigated the interventions’ effect on health-related QoL. This 
represents an important limitation, since QoL data should have 
a strong influence on the determination of treatment strategies.

Conclusions
The 12 studies identified as part of this meta-analysis of the adju-
vant use of systemic IFN for AGW included only immunocom-
petent patients who predominantly had external AGW. No RCTs 
including immunocompromised patients were available. The 
quality of the evidence of the pooled effect estimates was hetero-
geneous and ranged from ‘very low’ to ‘high’. The only adjuvant 
IFN treatment that showed statistically significant superiority 
over placebo with respect to the selected efficacy outcomes was 
low-dose adjuvant alpha-IFN. The quality of the evidence for 
these results, however, was rated as ‘low’. Overall, no reliable 
evidence was available to support the use of systemic IFN as an 
adjuvant treatment for AGW.

 * This systematic review and meta-analysis is part of a three-
phase series of reviews on HPV-associated anogenital lesions in 
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different patient populations and with a focus on different inter-
ventions. Due to the same methodology used for the conduct of 
the review, parts of the Methods section are identical, and simi-
larities in the description of the results may occur (doi:10.1136/
sextrans-2016-052768; 10.1136/sextrans-2016-053035).
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Key messages

►► Available treatment options for anogenital warts (AGWs) are 
far from optimal and characterised by high proportions of 
treatment failures and recurrences.

►► Systemic interferon is still being discussed as addition to 
ablative treatment to overcome unsatisfactory treatment 
results for AGW; however, clinical studies have yielded 
inconsistent results.

►► Regarding efficacy outcomes, superiority over placebo was 
solely seen for low-dose alpha-interferon; however, these 
data are at high risk for bias.

►► Overall, no reliable evidence was available to support the use 
of systemic interferon as an adjuvant treatment for AGW.
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