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A randomized trial of efficacy of beta-sitosterol and its glucoside as
adjuvant to cryotherapy in the treatment of anogenital warts
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Abstract

Introduction: All available treatments for anogenital warts have substantial failure rates.
An immunomodulating treatment that enhances the patient’s own immunity could be valuable
as an adjuvant to conventional methods.
Methods: About 123 patients were enrolled in this study and were randomized either to
undergo only cryotherapy every 3 weeks (n¼ 60 patients) or to undergo cryotherapy and
to receive a mixture containing 20 mg sterol and 0.2 mg sterolin (BSS–BSSG mixture), known
for its immunomodulating properties (n¼ 63).
Results: A complete response after 3 months was demonstrated by 18.3% of the patients in the
first group and 30.2% of the second group, while 61.7% of the first group and 79.4% of the
second group were lesion free at the end of the 6-month follow-up period. Cox regression
analysis of the time until response showed a significant advantage to the mixture treatment
group (hazard ratio 2.76, 95% confidence interval 1.61–5.67).
Limitations: The study was not placebo controlled.
Conclusion: The BSS–BSSG mixture gave promising results as an adjuvant to cryotherapy and
may be used in patients with refractory warts.
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Introduction

Anogenital HPV infection is the most common sexually
transmitted disease (1). No effective treatment for it exists to
date, despite the various therapeutic modalities available for
anogenital warts. Most of the available treatments for genital
warts rely on tissue destruction by heat (electrosurgery), cold
(cryotherapy), acids (bi/trichloroacetic acid), or light absorbed by
water (laser), or by arresting cell division (podophyllotoxin). All
available treatments have substantial failure rates and it has been
estimated that 20–30% of patients develop new lesions at the same
or new sites (2). Recurrence rates as high as 50% have been
reported in patients treated with cryotherapy, a widely used
method for the destruction of genital warts (3). Among all the
available treatments, only imiquimod cream 5% has been found to
have a low recurrence rate (9–19%) (4,5) and for that reason it has
been used as an adjuvant after surgical ablation (6). Imiquimod,
an immune response modifier, is the only treatment to date that
induces the patient’s own immunity to fight against HPV virus
and to control the infection (7,8).

It is obvious that there is a need for new immunostimulating
treatments that might reduce the recurrence rate after ablative
methods. Prompted by the promising immunostimulating proper-
ties of sterols and sterolins that have been reported in the

literature (9–12), we conducted the present study to access their
efficacy in combination with cryotherapy, as an adjuvant treat-
ment for genital warts.

Materials and methods

This open label, non-placebo-controlled, randomized study was
conducted at the Sexually Transmitted Diseases Unit of the
Andreas Sygros University Hospital for Skin and Sexually
Transmitted Diseases in Athens, Greece. The study protocol
was approved by the Ethical Committee of the Institutional
Review Board of the Hospital and an informed consent was
obtained from all patients prior to enrollment. Only immuno-
competent patients diagnosed with anogenital warts were
included in the study. Pregnant patients or patients with
Bowenoid papulosis or a severe medical condition (hemato-
logical, hepatic- Hepatitis B or C-, neurological, renal, endocrine,
collagen, and gastrointestinal) or with drug or alcohol dependency
were excluded from the study. Patients were routinely screened for
syphilis and HIV and only negative individuals were enrolled.
Furthermore, patients who had been treated recently with steroids,
cytotoxic drugs, and interferons (INFs) were also excluded.

Patients were randomized either to undergo only cryotherapy
every 3 weeks or to undergo cryotherapy and additionally to
receive modullon, a mixture containing 20 mg sterol and 0.2 mg
sterolin (BSS–BSSG mixture) available as a medicinal product in
Greece, one tablet three times daily. Cryotherapy was employed
by the same dermatologist with a spray gun and freezing was
applied to each wart for 10–20 s or until the wart and a small
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margin of surrounding normal skin was frozen. For large lesions,
two freeze cycles were performed. At the baseline visit prior to
treatment, the warts were measured in cm2 and the exact number
of warts, their location on the genitalia and the duration of the
disease were recorded.

Follow-up appointments for both groups, to inspect the
treatment outcome, were arranged at 3 and 6 months. At each
visit, any remaining warts were counted and measured, and
adverse events were recorded. Response was defined as 100%
resolution of the lesions for 1 month.

Statistical analysis

The time until response to treatment was analyzed by Cox’s semi-
parametric proportional hazards model, examining treatment
group, gender, age, history of disease, previous treatment,
baseline number of warts, and baseline duration of disease as
potential predictors of time to response (13). Because the patients
are not under continual observation, the time to response is not
known exactly; it is known only to fall within the time interval
from the last examination to the present one. Data of this form are
known as interval censored (REF) and special software is required
in order to fit Cox’s model to them. We used the program intcox
written in the R language by V. Henschel, C. Heiss and U.
Mansmann (2009) intcox: Compendium to apply the iterative
convex minorant algorithm to interval censored event data
(available from http://cran.r-project.org/web/packages/intcox/
vignettes/intcox.pdf, accessed 12 June 2010). The estimated
survivor function – that is, the probability that the patient has not
responded, as a function of time – is estimated and plotted by
another R routine written by R. Gentleman and A. Vandal (2010)
Package ‘‘Icens’’. Version 1.20.0 (available from http://cran.r-
project.org/web/packages/Icens/index.html, accessed 14 June
2010).

Results

Of the 123 patients enrolled in this study, 111 were males and 12
were females. After randomization 60 patients were included in
the cryotherapy-only treated group and 63 in the group receiving
cryotherapy and beta-sitosterol. Patients in the first group were
aged from 18 to 75 years (mean 30.8 ± 9.5) in the first group and
from 19 to 76 years (mean 30.0 ± 9.0) in the second. The duration
of disease before enrollment ranged from51 month to 60 months
in each group, with mean duration � of 7.5 months in the first
group and 12 months in the second group. Patients had up to nine
warts on their genitalia; most (65.1%) had at least three. Almost a
third (32.8%) had newly diagnosed genital warts, while the rest
reported at least one recurrence before attending our department.
Gender, age, disease duration, number of lesions, and recurrences
of the two groups of patients are presented in Table 1. The only
notable difference in the distribution of characteristics between
the two groups as a result of the randomization was that patients in
the cryotherapy-only group tended to have fewer lesions than
patients in the cryotherapy and b-sitosterol group (Table 1).
Irrespective of group, for males, the majority of the lesions were
located on the shaft of the penis (77.5%), whereas for females on
the mons pubis (75%). Wart distribution on the genitalia for the
two groups is presented in Table 2. Thirty percent of patients in
the first group and 20.6% of the second group had never received
any other form of treatment prior to enrollment (Table 3), whereas
all the other patients had tried various therapeutic modalities
including podophyllotoxin cream or solution, cryotherapy, laser,
electrosurgery, and imiquimod.

All patients were invited to return for review 3 months after
enrollment; however, six patients in the cryotherapy group and

Table 1. Gender, age, disease duration, number of lesions, and
recurrences in the two groups of patients.

Treatment group

Cryotherapy only
(n¼ 60)

Cryotherapy + BSS–BSSG
mixture (n¼ 63)

n % n %

Gender
Male 55 91.7 56 88.9
Female 5 8.3 7 11.1

Age
525 9 15.5 11 17.5
25–29 23 39.7 30 47.6
30–34 15 25.9 9 14.3
35–44 7 12.1 10 15.9
45+ 4 6.9 3 4.8

Disease duration before enrollment (months)
56 21 35.0 17 27.0
6–11 11 18.3 10 15.9
12–23 19 31.6 19 30.2
24+ 9 15.0 17 27.0

Recurrences before enrollment
0 22 36.7 18 29.0
1 9 15.0 11 17.7
2 14 23.3 9 14.5
3+ 15 25.0 24 38.1

Number of lesions at baseline
1–2 11 18.3 3 4.8
3–4 20 33.3 15 23.8
5–9 19 31.7 26 41.3
10–14 7 11.7 7 11.1
15+ 3 5.0 12 19.0

Table 2. Location of warts on the genitalia in the two groups.

Treatment group

Cryotherapy only
(n¼ 55)

Cryotherapy + BSS–BSSG
mixture (n¼ 56)

n % n %

Male
Shaft of penis 41 74.5 45 80.4
Mons pubis 12 21.8 17 30.4
Glans penis 12 21.8 17 30.4
Base of penis 8 14.5 7 12.5
Anus 6 10.9 8 14.3
Scrotum 5 9.1 7 12.5
Genital crurae 2 3.6 4 7.1
Colonal sulcus 2 3.6 1 1.8
Bridle 1 1.8 1 1.8
Prepuce 0 0.0 1 1.8
Foreskin 1 1.8 0 0.0
Perineum 1 1.8 0 0.0
Bridle 1 1.8 1 1.8

(n¼ 5) (n¼ 7)

n % n %

Females
Mons pubis 3 60.0 6 85.7
Vulva 3 60.0 4 57.1
Anus 2 40.0 2 28.6

Percentages total more than 100 because multiple locations in the same
patient are possible.
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one patient in the cryotherapy and b-sitosterol group did not
attend. Eighteen percent of the patients (18.3%) in the first group
and 30.2% of the second group demonstrated a complete response
after 3 months. At the end of the 6-month follow-up period, 61.7%
of the first group and 79.4% of the second group were lesion free.
The association of time until response with age (25, 26–30,430
years), gender (male, female), disease duration (�3 months, 4–12,
412), previous treatments (yes–no), number of lesions (1–4, 5–9,
10+), and type of treatment (only cryotherapy versus cryotherapy
and b-sitosterol) was examined in Cox’s semi-parametric propor-
tional hazards regression analysis adapted to interval-censored
data. Only the type of treatment (hazard ratio 2.76, 95%
confidence interval 1.61–5.67) and the initial number of lesions
(hazard ratio 1.05, 95% confidence interval 0.57–1.78 for 5–9
lesions, and hazard ratio 0.31, 95% confidence interval 0.10–0.62
for 10 + lesions) were found to influence the complete response
rate. Thus the time to complete response was significantly
shortened if the patient was taking b-sitosterol but was longer if
the patient presented initially with a large number of lesions.
Figure 1 presents the estimated probability of complete response
in relation to time in both groups of patients, with respect to their
number of lesions.

No patient in the combination group reported any gastrointes-
tinal or any other adverse events. Blood was not routinely taken to
assess any changes in blood count, urea, and electrolytes or liver
function tests in the combination group.

Discussion

The major plant sterol b-sitosterol (BSS), first described in 1922,
has enjoyed biological importance only as a natural approach to
control cholesterol plasma levels (14). The glycoside of sterols,
particularly b-sitosterol glycoside (BSSG), has not received
biological attention because of its presence in low quantities in
the plasma of humans (15). However, these underestimated
molecules have demonstrated immunomodulating properties
(9,11). Bouic et al. (11) showed that a proprietary mixture of
sterols and sterolins (BSS–BSSG mixture) has the ability to
enhance the cellular response of T lymphocytes both in vitro and
in vivo and to enhance the cytotoxic ability of natural killer cells
(NK) against the target cell line NK562. They also demonstrated
that the mixture preferentially enhanced the activity of
CD4 + cells belonging to the TH1 phenotype. These results
implied the potential ability of the mixture to restore the TH1 and
TH2 balance in conditions where it is disrupted and the immune
response is insufficient. A bias towards the TH2 phenotype results
in chronic viral infections including HIV and HPV infection. The
immune system plays a central role in regression of genital HPV
disease via migration of effector cells (16). Spontaneously
regressing genital warts show a significant epidermal and
dermal influx of CD4 + activated memory lymphocytes compared
to non-regressing lesions (17). Moreover, it has been found that
HPV is capable of inducing a local immune deficiency,
manifested by depletion of intraepithelial lymphocytes,
Langerhans cells, and CD4 + cells with down-regulation of
cytokine production (18–21). The importance of an intact
immune system for the regression of genital warts is best
demonstrated in immunocompromised patients, particularly HIV
positive patients, who are known to have a higher incidence of
HPV disease and larger and multifocal lesions (18). It is obvious
that, from a theoretical point of view, the BSS–BSSG mixture
might be effective in helping the patient’s own immunity to fight
against HPV infection. A previous open-labeled study in HIV
positive patients with no access to antiretroviral drugs because of
their high cost showed that patients receiving a BSS–BSSG
mixture demonstrated a significant decrease in their plasma viral
loads and stable CD4 cell counts over a period of 40 months, by
maintaining a favorable TH1 response (22).

Our results are similarly promising in the treatment of genital
warts as we have demonstrated a more favorable response in
patients treated with cryotherapy and simultaneously taking the

Figure 1. Estimated probability that the
patient has not responded to treatment, as a
function of time in days since enrollment, by
treatment group, and number of lesions at
enrollment.

Table 3. Treatments received by the patients before enrollment in the
study.

Treatment group

Cryotherapy only
(n¼ 60)

Cryotherapy + BSS–BSSG
mixture (n¼ 63)

n % n %

Cryotherapy 35 58.3 32 50.8
Imiquimod 17 28.3 25 39.7
Podophyllotoxin 4 6.7 10 15.9
Laser 2 3.3 5 7.9
Electrosurgery 1 1.7 2 3.2
None 18 30.0 13 20.6
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BSS–BSSG mixture in comparison with those treated only with
cryotherapy. Only 18% of the cryotherapy group demonstrated a
sustained response by the end of 3 months, whereas 30% of the
patients in the cryotherapy and BSS–BSSG mixture group
responded. The difference in the therapeutic outcome was still
evident at the end of the 6-month follow-up period, when 62%
of the first group but 80% of the second group were found
lesion free. An important issue in our study is that patients
treated with the mixture started from a worse position than the
others, as they suffered from a greater number of lesions on
average.

Cryotherapy uses liquid nitrogen to freeze the affected tissues,
which eventually become inflamed and slough before they heal.
Three treatment sessions are needed on an average before warts
are cleared but occasionally multiple sessions may be required.
The reported clearance rates range between 27 and 88% after
multiple treatments (2,3,16,23–26). The low clearance rate that
we observed in our cryotherapy group, in contrast to our previous
observation (3), is striking but could be explained by our different
study methodology as we defined a complete response as not only
the resolution of the individual lesions but also a wart-free
interval of at least 1 month.

The optimal dose of the mixture of sterols and sterolins has
been addressed before by Bouic et al. (10,11), and the
standardized mixture of 20 mg of sterol and 0.2 mg of sterolin
in a specific ratio of 100:1, given three times daily, has shown
immunomodulating activity in vitro and in vivo. The safety of the
BSS-BSSG mixture has not been addressed in our study as the
safe and non-toxic profile of the plant molecules, which has
enabled previous clinical trials, is known (9,10,27,28).

The main limitation of our study is that it is not placebo
controlled and the placebo effect of BSS–BSSG mixture cannot
be excluded. However, spontaneous regression has rarely been
noted in placebo-controlled trials and only a few studies have
recorded spontaneous clearance, particularly among women
(5,16,29). In conclusion, in our clinical study using a sterol and
sterolin mixture, we have shown promising results for the
treatment of patients with anogenital warts. This natural plant
derived immune modulator may offer a cheap therapeutic
adjuvant, particularly in patients with refractory anogenital
warts. Certainly, more studies are needed before any definite
conclusions can be drawn but natural remedies cannot be
overlooked and might be revisited as important immunomodulat-
ing molecules.
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