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Purpose: This retrospective study aimed to compare the efficacy and safety of single-

session OK-432 andmultiple-session 99% ethanol sclerotherapy for symptomatic simple

hepatic cysts.

Methods: We reviewed patients who received aspiration sclerotherapy with OK-432

(group A) or 99% ethanol (group B) for symptomatic simple hepatic cysts at Guangdong

Provincial People’s Hospital from January 2013 to November 2019.

Results: We included 42 patients in group A and 39 patients in group B. No significant

difference was found in the mean volume of hepatic cysts between the two groups.

The overall success rates were 92.9% (39 of 42 patients) in group A and 79.5% (31 of

39 patients) in group B (P = 0.08). The treatment success for cyst volumes <200ml,

200–500ml, and >500ml was 100, 93.3, and 88.2% in group A, and 100, 84.6, and

57.1% in group B, respectively. The symptomatic relief rate in group A was higher than

that in group B for cysts ≥500ml (P = 0.049) and cysts <500ml. For treatment-related

complications, the incidence of pain at the injection site in group A was lower than that

in group B.

Conclusion: Single-session OK-432 sclerotherapy was safer and more effective than

multiple-session 99% ethanol sclerotherapy for treating large cysts, although both

treatments had similar effects on small cysts.

Keywords: hepatic disease, cysts, sclerotherapy, OK-432, clinical efficacy

INTRODUCTION

Simple hepatic cysts are fluid-filled cavities that arise from malformations of the ductal
plate during embryonic development (1, 2). In most cases, simple hepatic cysts are
asymptomatic. However, cysts tend to become voluminous over time owing to fluid production
by secretory epithelial cells, which could lead to symptoms such as abdominal pain,
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distention, and impaired quality of life (1, 3, 4). For patients with
symptomatic simple hepatic cysts, a treatment that aims to reduce
cystic volume is indicated. In clinical practice, sclerotherapy is
an optional treatment modality for symptomatic simple hepatic
cysts, particularly for patients who are not eligible for surgery (3).
In the past decade, studies on numerous sclerosing agents (e.g.,
ethanol, acetic acid, and tetracycline) for sclerotherapy have been
published (5–8). Although these studies generally showed good
clinical outcomes, sclerotherapy has been considered ineffective
because of the high recurrence rate (9, 10). Several authors
reported that multiple-session treatments that increase instilled
volume and exposure time of sclerosing agents show better results
in terms of recurrence (11–13). However, multiple sessions may
result in troublesome repeat procedures, considerable risk of
adverse events, and time-consuming hospitalization. Therefore, a
single-session sclerosing agent that provides an excellent clinical
response would optimize sclerotherapy.

OK-432 (Picibanil, Chugai Pharmaceutical Co., Tokyo,
Japan), which is a lyophilizedmixture of a low-virulence Su strain
of Streptococcus pyogenes, has been used as a new sclerosing agent
(14). Ogita et al. (15) reported that injection of OK-432 probably
damages the endothelial lining, which causes obliteration of the
cavity and prevents further accumulation of fluid in the lesion
(15). Several authors have demonstrated that OK-432 has a high
therapeutic effect and low recurrence rate without substantial
adverse effects for treating cystic osteitis fibrosa, cystic hygroma,
and malignant exudate in the thoracic cavity (16, 17). Based on
these studies, we presumed that OK-432 might be beneficial for
treating symptomatic simple hepatic cysts.

In this study, we aimed to compare the efficacy and safety
of single-session OK-432 and multiple-session 99% ethanol
sclerotherapy for symptomatic simple hepatic cysts. We analyzed
the role of OK-432 and 99% ethanol on lesion regression
and adverse reactions. This novel finding could be clinically
significant for optimizing sclerotherapy for symptomatic simple
hepatic cysts.

MATERIALS AND METHODS

Study Population
In this retrospective cohort study, we reviewed patients who
received aspiration sclerotherapy for symptomatic simple (non-
parasitic, non-neoplastic) hepatic cysts at Guangdong Provincial
People’s Hospital from January 2013 to November 2019. A simple
hepatic cyst was defined as an anechoic, unilocular fluid-filled
space with imperceptible walls showing posterior enhancement
on sonography and a well-demarcated water-attenuation lesion
with no contrast enhancement on computed tomography (CT).
The indication for aspiration sclerotherapy was based on the
presence of symptoms that were likely to result from compression
by a large hepatic cyst. Cyst volume was calculated by applying
the following formula: V= π/6× (length× width× depth).

Data on patients’ clinical characteristics were collected.
Informed consent was obtained from all participants. The Ethics
Committee of Guangdong Provincial People’s Hospital approved

Abbreviations: CT, computed tomography.

this study. All study protocols were approved by the institutional
review board and carried out in compliance with the Declaration
of Helsinki.

Treatment Methods
On the day of their procedure, patients were positioned on the
CT gantry to locate the lesion site, and 5mm axial slices were
obtained to delineate the lesion. After local infiltration anesthesia
with 5–15ml of 1% lidocaine, an 18 gauge puncture needle was
used to puncture the cyst under CT guidance. After placing the
puncture needle, a 0.96mm J-tip guide wire was passed into
the cyst. The puncture needle was then removed, and a 6-Fr
pigtail catheter was inserted into the cyst over the guidewire. All
cystic fluid was aspirated through a 6-Fr pigtail catheter. The
first 10ml of the aspirated fluid was sent for cytological and
biochemical examinations.

For single-session OK-432 sclerotherapy (group A), OK-432
solution was prepared by dissolving 0.1mg of OK-432 in 10ml
of 0.9% saline, and 0.1mg of OK-432 per 10ml of aspirated cystic
fluid was injected into the cyst through a 6-Fr pigtail catheter. The
6-Fr pigtail catheter was then removed. The maximum injected
volume of OK-432 was 100 ml.

For multiple-session 99% ethanol sclerotherapy (group B),
99% ethanol was injected into the cyst at a volume equal to 25%
of the aspirated cystic fluid volume but never exceeded 50ml in
a single injection for safety reasons. The injected ethanol was
completely re-aspirated after 20min of sclerotherapy. Sessions
were performed twice with an interval of 12 h. The catheter was
left open for natural drainage between the sessions and then
removed after the final session. The procedure was terminated
if patients had severe abdominal pain at the injection site.

Study Endpoints
The primary endpoints of this study were proportional cyst
volume reduction and symptoms. Patients were followed up
every 3 months for 1 year by clinical assessment and CT
imaging (Figure 1). To calculate the proportional cyst volume
reduction, we used the maximum postoperative cyst volume
and preoperative cyst volume. Complete regression of the
hepatic cysts or >70% volume reduction with no symptoms was
considered a successful treatment. A volume reduction of <70%
and/or persistent symptoms were considered treatment failures.
The secondary endpoint was treatment safety, including type,
risk, and severity of complications following treatment within
1 year.

Statistical Analysis
Continuous numerical variables were presented as mean ±

standard deviation. Categorical variables were presented as
frequencies (percentages). The chi-square test was used to
investigate the association between categorical factors, and
Student’s t-test was used for continuous variables. Statistical
analyses were performed using SPSS version 25.0 (International
Business Machines, New York, USA). Statistical significance was
set at P ≤0.05.
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FIGURE 1 | Flowchart: identification and selection of patients in groups A and B.

RESULTS

Clinicopathological Characteristics
We identified 51 patients in group A and 47 patients in group
B. Of these 98 patients, 81 were eligible for inclusion. The
absence of baseline (n = 5), defects in follow-up imaging (n
= 7), insufficient documentation (n = 3), and re-intervention
(n = 2) were the main reasons for exclusion (Figure 2). The
demographic clinical data of groups A and B are listed in
Table 1. Both treatments were performed without any technical
difficulties. Cytological and bacteriologic examinations were
negative in both groups. No differences were found in patient
characteristics, mean cyst volume, aspirated volume of cysts, and
percentage of aspirated to calculated volume of cysts between the
two groups.

Clinical Response
The clinical responses of groups A and B after 12 months of
follow-up are summarized in Table 2. The overall success rates
were 92.9% (39 of 42 patients) in group A and 79.5% (31 of
39 patients) in group B. There was no significant difference in
the overall regression rate between group A and group B (P
= 0.153).

Cyst Reduction
All cysts smaller than 200ml showed complete regression in
groups A and B. Of the 200–500ml cysts, the number of patients
who experienced 100%, 100–90%, 90–80%, and 80–70% volume
reductions were 4 (26.7%), 7 (46.7%), 2 (13.3%), and 1 (6.7%)
in group A, and 4 (30.8%), 5 (38.5%), 1 (7.7%), and 1 (7.7%) in
group B, respectively. Of the 500ml or larger cysts, the number
of patients who experienced 100%, 100–90%, 90–80%, and 80–
70% volume reductions were 2 (11.8%), 7 (41.2%), 5 (29.4%), and
1 (5.9%) in group A, and 1 (7.1%), 2 (14.3%), 2 (14.3%), and 3
(21.4%) in group B, respectively.

Symptomatic Relief
In both groups, symptomatic relief was associated with high
efficacy of cyst reduction. At 12 months of follow-up, clinical
symptoms were resolved in 38 of 42 (90.5%) patients in group A
and 31 of 39 (79.5%) in group B, regardless of whether a complete
or partial regression of the cyst was observed.

Complications
Several treatment-related complications are presented in Table 3.
For the incidences of pain at injection, the reported grade 1/2
adverse events were 2.4% in group A and 23.1% in group B,
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FIGURE 2 | A case of a 37-year-old man with a hepatic cyst. (a) Pretreatment

CT scan shows a hepatic cyst measuring 11.4 cm in length, 10.3 cm in width,

and 8.9 cm in depth. (b) Follow-up CT scan after 3 months of sclerotherapy

with single-session OK-432 shows a markedly decreased hepatic cyst. (c)

Follow-up CT scan after 12 months shows complete regression of the hepatic

cyst.

TABLE 1 | Demographic clinical data of patients.

Characteristics Group A Group B P-value

(n = 42) (n = 39)

Age, years

Mean age (y ± SD) 54.3 ± 11.7 54.6 ± 13.7 0.91

Range 30–77 25–85

Sex

Male 28 (66.7) 23 (59.0) 0.51

Female 14 (33.3) 16 (41.0)

Cyst vol.

Mean vol. (ml ± SD) 340.8 ± 225.1 363.2 ± 186.3 0.58

Range 63–1,880 55–1,614

No. Cyst

≤200ml 10 (23.8) 12 (30.8) 0.77

>200ml, <500ml 15 (35.7) 13 (33.3)

≥500ml 17 (40.5) 14 (35.9)

SD, standard deviation, No, number; vol., volume.

Data are shown as n (%).

and the reported grade 3/4 adverse events were 0% in group A
and 2.5% in group B. Significant differences were not found in
the incidence of mild fever, allergy, and leukocytosis between
groups A and B. In both groups, pain and fever could be
controlled by using antipyretic analgesics and allergic reactions
could be controlled by using antihistamines. Leucocytes returned
to normal levels at 2 weeks post-procedure.

DISCUSSION

The primary finding of this study was that sclerotherapy
with single-session OK-432 provided satisfactory results in the
efficacy rate of cyst reduction and clinical relief without causing
more adverse events when compared with multiple-session
99% ethanol.

Ethanol is the most commonly used sclerosing agent for
symptomatic simple hepatic cysts (1). However, the efficacy
and safety of ethanol sclerotherapy are significantly different
among studies (6, 9, 12). This discrepancy may be partly
explained by the number of ethanol sessions used. Several
authors have suggested a lower rate of 10–68% complete
resolution with a single session of ethanol sclerotherapy (18–20).
Complete cyst regression improved to 73–100% with multiple
sessions of ethanol sclerotherapy (9, 18). Based on these results,
sclerotherapy withmultiple-session 99% ethanol has been used to
treat symptomatic simple hepatic cysts in our hospital. However,
other authors observed an increase in the incidence of adverse
events, particularly ethanol intoxication and pain, after multiple
sessions of ethanol sclerotherapy (13, 18). Therefore, ethanol
sclerotherapy for symptomatic simple hepatic cysts remains to
be determined.

OK-432 is a lyophilized mixture of the low-virulence Su strain
of S. pyogenes (14). Intralesional injection of OK-432 has been
proven safe and effective in treating cystic osteitis fibrosa, cystic
hygroma, and malignant exudate in the thoracic cavity (16). The
mechanism of the effect of OK-432 is probably due to the damage
to the endothelial lining, which causes obliteration of the cavity
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TABLE 2 | Clinical response of single-session OK-432 (group A) and multiple-session 99% ethanol (group B) sclerotherapy.

Clinical response ≤200 ml P-value >200ml, <500ml P value ≥500 ml P-value

Group A Group B Group A Group B Group A Group B

No. of Cysts

10 (23.8) 12 (30.8) 15 (35.7) 13 (33.3) 17 (40.5) 14 (35.9)

No. of successful treatments NA 0.457 0.049

100 4 (40.0) 5 (41.7) 4 (26.7) 4 (30.8) 2 (11.8) 1 (7.1)

90–100 5 (50.0) 6 (50.0) 7 (46.7) 5 (38.5) 7 (41.2) 2 (14.3)

80–90 1 (10.0) 1 (8.3) 2 (13.3) 1 (7.7) 5 (29.4) 2 (14.3)

70–80 0 (0) 0 (0) 1 (6.7) 1 (7.7) 1 (5.9) 3 (21.4)

Total 10 (100) 12 (100) 14 (93.3) 11 (84.6) 15 (88.2) 8 (57.1)

No. of failed treatments

<70 0 (0) 0 (0) 1 (6.7) 2 (15.4) 2 (11.7) 6 (42.9)

No. of relieved symptoms 0.893 0.457 0.049

9 (90.0) 11 (91.7) 14 (93.3) 11 (84.6) 15 (88.2) 8 (57.1)

No, number.

Data are shown as n (%).

TABLE 3 | Severity of complications related to single-session OK-432 (group A)

and multiple-session 99% ethanol (group B) sclerotherapy.

Complicationsa Group A Group B

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Pain at injection sites 1 (2.4) 0 9 (23.1) 1 (2.5)

Fever 1 (2.4) 0 2 (5.1) 0

Allergy 2 (4.8) 0 2 (5.1) 0

Leukocytosis 3 (7.1) 0 2 (5.1) 0

a Severity of complications divided into four degrees, with grade 4 being the most severe.

Data are shown as n (%).

and prevents further accumulation of fluid in the lesion (15).
To our knowledge, no studies about scarring of the surrounding
tissue or disturbance in function after OK-432 treatment have
been reported.

In our study, we compared the efficacy and safety of
single-session OK-432 sclerotherapy and multiple-session 99%
ethanol sclerotherapy for symptomatic simple hepatic cysts. We
performed both sclerotherapies without technical difficulties but
repeat injection of ethanol was a time-consuming procedure.
In addition, there was a considerable risk of ethanol leakage
if the pigtail catheter was displaced, although the position of
the pigtail catheter was confirmed before each injection. OK-
432 only damages the cyst lining and causes adhesion of the
cyst wall, whereas ethanol diffuses through the cyst fluid and
penetrates beyond the thin endothelial cyst lining to produce
indurations of the cyst wall and unpredictable scarring. In OK-
432 administration, drainage was not required after injection. In
our preliminary data, the overall success rates of single-session
OK-432 sclerotherapy were similar to those of multiple-session
ethanol sclerotherapy. Therefore, we obtained a comparable
success rate by a single injection of OK-432 instead of repeat
ethanol instillation. We also found that the OK-432 group
showed a higher regression rate in cysts ≥200ml than in the

ethanol group, but both treatment groups achieved complete
regression in cysts <200ml. Although the clinical response of
the OK-432 group was more prominent than that of the ethanol
group in cysts ≥200ml with respect to time of exposure to the
sclerosing agent, concentration, and volume of the sclerosing
agent. This result implies that patients with large-volume hepatic
cysts proved to be excellent candidates for single-session OK-432.

Previous studies have described ethanol as a cheap, safe, and
widely available sclerosing agent, but its adverse effects, such as
ethanol intoxication and pain, cannot be ignored (1, 10). The
use of OK-432 as a sclerosing agent was initiated to reduce the
adverse events observed after the instillation of ethanol. In our

study, the pain was less frequent in the OK-432 group than in
the ethanol group. Ethanol intoxication did not occur, which
may be explained by the maximal volume of 50ml of ethanol

in a single injection and short sclerotherapy duration of 20min.

Although OK-432 is more expensive than 99% ethanol, the OK-
432 group did not require repeat procedures and had shorter
hospitalization, consequently saving on overall hospital costs. As
treatment responses between OK-432 and ethanol were highly
comparable, we could argue that OK-432 should be preferred
as a sclerosing agent. To draw definite conclusions, prospective
comparison between the two agents is required.

Our findings should be considered in the context of the
limitations of this study. This was a retrospective study with
small sample size. The exclusion of patients may have led to
a selection bias. Large sample sizes and randomized controlled
trials are required for further analysis. A direct comparison
between the two groups should be performed with caution. We
think the comparison in our study may be reasonable because
we determined a successful treatment at 1 year of follow-up. A
randomized controlled trial with larger patient groups, especially
for large hepatic cysts, is warranted for further analysis.

In conclusion, our study results demonstrate that single-
session OK-432 sclerotherapy is an effective and safe treatment
for symptomatic simple hepatic cysts. Single-session OK-432
sclerotherapy was safer and more effective than multiple-session
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99% ethanol sclerotherapy for treating large cysts, although both
treatments had similar effects on small cysts.
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