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ORIGINAL ARTICLE

Efficacy of Sclerotherapy With Polidocanol (Ethoxysclerol)
in Primary Aneurysmal Bone Cysts in Children
and Adolescents

Jorrit Jasper, MD,* Lizz van der Heijden, MD, PhD,* Carla S.P. van Rijswijk, MD, PhD,71
and Michiel A.J. van de Sande, MD, PhD*

Background: Aneurysmal bone cysts (ABC) are rare benign
osseous lesions that can be locally aggressive. Traditionally,
curettage with or without bone grafting is the treatment of
choice. Recent data suggest that percutaneous sclerotherapy is a
safe alternative to surgery. We present our experience with per-
cutaneous sclerotherapy. Primary study aims were success rate,
risk factors for treatment failure, and complications.

Methods: In this single-center retrospective study (January 2003
to June 2019), 70 patients were treated with percutaneous scle-
rotherapy for primary ABC at various skeletal sites. Median age
was 11 years (range: 3 to 17 y). Median follow-up was 40 months
(range 18 to 144 mo). Clinical and radiologic assessments were
performed until cyst healing.

Results: Successful healing was seen in 58 of 70 patients (83%) after
1 or more injections with polidocanol. In 12 patients (17%), de-
finitive curettage was performed after previous sclerotherapy,
which was considered failure of primary sclerotherapy treatment.
Trends toward increased risk for >3 treatments or treatment
failure included age younger than 5, epiphyseal plate involvement,
and lower leg lesions. The only complication was anaphylaxis in
1 patient shortly after injection of polidocanol/contrast agent and
ropivacaine, with full recovery after short resuscitation.
Conclusions: Our results show that percutaneous sclerotherapy with
polidocanol has high efficacy in the treatment of primary ABC, with a
low complication rate. Our only complication may have been an
immediate allergic reaction to polidocanol/contrast agent or ropiva-
caine. Trends toward increased risk for treatment failure were age
younger than 5, epiphyseal plate involvement, and lower leg lesions.
Level of Evidence: Level IV—therapeutic study.
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neurysmal bone cysts (ABC) are rare benign osseous

lesions of undefined neoplastic nature and can be lo-
cally aggressive.!"* Contrary to its nomenclature, ABCs
are not completely cystic nor aneurysmatic.> Upregulation
of ubiquitin-specific protease (USP)-6 Tre2 gene was
identified in a subset of primary ABCs.* ABCs may occur
as a primary neoplasm (50% to 70%) or secondary to
another primary bone tumor, including giant cell tumor of
the bone, chondroblastoma, fibrous dysplasia, chon-
dromyxoid fibroma, or telangiectatic osteosarcoma.'-> The
annual incidence of primary ABC is estimated at 1.4 new
cases per 100,000 individuals.”> Most patients are younger
than 25 years. ABCs mostly affect the metaphysis of
long bones.

Clinically, ABCs most commonly present with pain
with or without a palpable mass and sometimes a patho-
logic fracture. On conventional radiographs, ABCs have
an osteolytic, eccentric, and expansile appearance with
cortical thinning and a soap-bubble appearance due to
multichambered cysts (Fig. 1). There is no matrix
mineralization. On magnetic resonance (MR) imaging,
fluid-fluid levels are seen as a result of sedimentation of old
aneurysmatic blood below fatty marrow, resulting from
supine position (Fig. 2). Core needle biopsy to establish
diagnosis is debatable, because tissue obtained may not be
representative of the entire lesion. Also, even after
histopathologic examination, diagnosing primary ABC
may be challenging as they also arise secondary to more
serious diagnoses including malignancies. Frozen section
histopathology during biopsy may be helpful to confirm
representativeness of the biopsy and show the benign
nature. Therefore, in case of any doubt based on
radiographic findings, this may be a reasonable first step
before proceeding with definitive treatment.

As with most benign lesions, the aim of treatment is to
optimize local control while retaining maximum function
and minimizing morbidity. Different treatment options ex-
ist, but traditionally curettage with or without bone grafting
was the treatment of choice.” !9 Other options include ra-
diofrequency ablation, selective arterial embolization, min-
imally invasive curopsy (biopsy and curettage in 1 tempo)
and recently limited experience is gained with systemic
therapy including bisphosphonates and denosumab.”!1-12
Recent data suggest that percutaneous sclerotherapy is a
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FIGURE 1. Conventional radiographs of the right lower leg in a 2-year-old child in (A) anteroposterior and (B) lateral views
demonstrating a large lytic and expansile cyst of the proximal tibia metaphysis. Differential diagnosis of this lesion based only on
these plain radiographs includes an aneurysmal bone cyst or a solitary bone cyst.

safe alternative to surgery, with similar recurrence rates and
lower risk of damaging surrounding structures, shorter re-
covery period, and lower bleeding risk.'%!# Polidocanol is a
sclerotherapy agent that has a long history for the treatment
of superficial varicosities'> 7 and can be used as a sclerosant
directly damaging the endothelial lining of ABCs, hereby
triggering the coagulation cascade resulting in thrombotic
occlusion of supplying blood vessels and achieving local
control in ABC (Fig. 3).!8 Side effects of polidocanol can be
hypotension, cardiac arrest, anaphylaxis, and its use is
contraindicated during pregnancy.!®!7:1° Doxycycline can
also be used as a sclerosant and its safety and efficacy were
reported in 20 patients by Shiels et al?%?! with a 5%
recurrence rate after 2 to 14 injections per patient.
Historically, recurrence rate after curettage of ABCs could
be as high as 59%, whereas more recent studies have
reported local control rates of between 85% and 90% after
curettage.lg’10

To date, there is no generally preferred treatment for
primary ABCs. Several demographic and clinical charac-
teristics may negatively influence results and identifying
such parameters may be helpful in choosing optimal
treatment for individual patients. In this study, we present
our experience with percutaneous sclerotherapy in pri-
mary ABC. Our primary study aims were assessment of

€556 | www.pedorthopaedics.com

success rate, risk factors for treatment failure and com-
plications.

METHODS

Patients were identified by a retrospective review of a
prospectively maintained database in our tertiary referral
center. Medical records were reviewed and demographic
data included sex, age, localization, size, epiphyseal plate
involvement, pathologic fracture, treatment, volume of
sclerosant injection (mL), and outcome (Table 1). The
local medical ethics committee waived the need for
informed consent, as this was not required for the use of
these patient data under the Medical Research Involving
Human Subjects Act (G19-064). Tumor volume was
calculated by multiplying maximum dimensions
[APXxCCxLR (mm)] on MR imaging, if available, or on
conventional radiographs. Anesthesiology reports were
assessed for potential systemic adverse events.

In all, 106 patients with primary ABC were treated
in our tertiary referral center between 2003 and 2019.
None of the patients underwent previous treatment else-
where. Thirty patients with soft tissue or intra-articular
extension, nonhealed fracture, or insufficient cortical
containment were excluded because of initial treatment
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FIGURE 2. (A) Computed tomography images in the axial plane of the same patient demonstrating the proximal tibia metaphysis
on several levels showing the multichambered nature of the cyst, consistent with an aneurysmal bone cyst. Magnetic resonance
images with (B) coronal T1-weighted TSE sequence and (C) axial T2-weighted TSE sequence demonstrating the multichambered
cyst with fluid-fluid levels as typically seen in aneurysmal bone cysts (white arrows). TSE indicates turbo spin echo.

was other than percutaneous sclerotheraphy: 15 curettage,
10 angioembolization and sclerosant injections, 3 curopsy
and 2 primary resection (spinous process L1 and spon-
dylodesis; partial scapula resection) (Fig. 4). Seventy were
treated with (intended serial) sclerosant injections as
primary treatment and were included in this study.
Thirty-five were female. Median age was 11 years
(range: 3 to 17 y). Median follow-up was 40 months
(range: 18 to 144 mo). Standard treatment in our center
was percutaneous sclerotherapy.

At first presentation, imaging included conventional
radiographs in all and MR imaging in 62/70 patients.
Definitive diagnosis was based on radiologic appearance
in 50/70 patients. Preoperative core needle biopsy was
performed in the other 20 patients and confirmed diag-
nosis in 10. In the remaining 10 patients, diagnosis was
confirmed by excluding other diagnoses. In these patients,
perioperative biopsy demonstrated primary ABC as de-
finitive diagnosis.

Treatment consisted of injection of 3% polidocanol
(Aethoxysklerol 30 mg/mL, Kressler Pharma, Germany)
together with a gel foam absorbable sponge (12 m?, Pfizer

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Manufacturing, Belgium) and 2 mL radiopaque contrast
agent (Xenetix 300) into the lesion under fluoroscopy and
general anesthesia. Approximately 1 mL of 3% polidoca-
nol was injected per 1 mL tumor volume with no max-
imum per injection. In multilocular cysts, multiple needles
were used to inject the sclerosant into different chambers.
Percutaneous sclerotherapy procedures were completed in
case of optimal filling of all cystic components of the ABC
without venous filling. After injection, the core needle was
blocked to prevent sclerosant backflow. During follow-up
of the first patients, pain and sometimes fever was seen
postoperatively, but this was not recorded on a routine
basis. Therefore, we started with preoperative injection of
bupivacaine 7.5% or lidocaine 2% subperiosteally at the
injection site. This resulted in less postoperative pain.
Clinical improvement was determined by pain re-
duction and improved range of motion. Radiologic im-
provement was determined by sclerosis within the lesion
and absence of increase in size (Fig. 3). In the absence of
clinical and/or radiologic response, repeat sclerosant
injection was given after 8 to 12 weeks and repeated at
similar intervals as necessary. No further intervention was
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FIGURE 3. Conventional radiographs of the same patient during follow-up, after 1 percutaneous sclerotherapy injection. A,
Demonstrates some cortical thickening and peripheral and central sclerosis of the lesion, but with persistent expansion 2 months
after treatment. B, Demonstrates normal cortical thickness, slight remaining expansion during growth, and sclerosis of the pre-
viously lytic lesion at 5 years follow-up. C, Demonstrates complete resolution of the lytic cyst with almost full remodeling of the
proximal tibia during growth at 10 years follow-up. Alignment in the coronal plane is normal and there is a small remaining
angulation in the sagittal plane, with only slightly increased slope of the tibia plateau. Over the years during follow-up, this is
spontaneously remodeling and the child will be followed until skeletal maturity.

considered in case of complete pain resolution, restored
cortical thickness, increasing sclerosis within the lesion,
and arrested growth of the lesion. We considered the need
for >3 injections as a suboptimal sclerotherapy result.
Local progression or residual disease was diagnosed if
symptoms reappeared and/or with an increasing area of
radiolucency within the lesion after treatment. In case of

TABLE 1. Patient and Tumor Characteristics

n=70
Sex (female/male) 35/35
Age at diagnosis, median (range) (y) 11; 3-17
Follow-up, median (range) (mo) 40; 18-144
Epiphyseal involvement (n; %) 7; 10
Pathologic fracture at diagnosis (n; %) 16; 23
Localization, n (%)
Proximal humerus 14 (20)
Proximal tibia 10 (15)
Pelvis 9 (13)
Foot 8 (11)
Proximal femur 8 (11)
Distal fibula 7 (10)
Clavicle 2(3)
Distal tibia 3(5
Proximal fibula 3(5)
Costa 2 (3)
Scapula 1 (1)

Proximal ulna
Distal femur
Hand

1(1)
1(1)
1 (1)

€558 | www.pedorthopaedics.com

progression or insufficient radiologic improvement after
repeated injections, curettage was performed as definitive
treatment; we defined this as sclerotherapy treatment
failure.

Patients were advised to avoid contact sports during
the period of active treatment. All patients were called
2 weeks after treatment and were followed up at the out-
patient clinic after 6 weeks and every 3 months for 2 years
and every 6 months thereafter until the lesion was healed.
Clinical examination and biplanar radiographs were per-
formed at each outpatient visit.

Switch to curettage as definitive treatment was
considered as failure of percutaneous sclerotherapy treat-
ment. Relapse-free survival (RFS) was calculated for all
patients treated with (repeated) sclerotherapy, and with
definitive curettage as the primary end point. We consid-
ered the need for >3 repeated injections as suboptimal
sclerotherapy result; results of this small group are pre-
sented separately.

Statistical Analysis

Continuous data were reported using median and
range. Categorical data were presented by frequency and
proportion and were compared using x> or Fisher exact test.
RFS was presented as Kaplan-Meier survival curve. Time
to relapse (ie, need for more extensive treatment, being
curettage) was calculated from first injection to curettage as
definitive treatment or until last follow-up. Univariate and
multivariate Cox regression analyses were performed to
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106 patients with primary ABC without prior intervention
January 2003 —June 2019

Angioembolization

with sclerotherapy (n=10)

Surgery (n=20 | Sclerotherapy (n=76) |
Curettage (n=15) l
Curopsy (n=3)
Primary resection (n=2) | Follow-up < 18 months (n=6) |

| Included (n=70) |

/\

Cure after (repeated) sclerotherapy (n=58)

1 injection (n=28)
2 injections (n=16)
3 injections (n=11)
4 injections (n=2)
5 injections (n=1)

Failure of (repeated) sclerotherapy (n=12)

Definitive curettage (n=11)
Definitive curettage and cryosurgery (n=1)

FIGURE 4. Flowchart of patients treated for primary aneurysmal bone cysts (ABC) at our tertiary referral center

assess risk factors for sclerotherapy treatment failure (ie,
with curettage as primary endpoint). Age, localization, ep-
iphyseal plate involvement, and pathologic fracture were
included. All statistical analyses were performed using SPSS
version 25.0 (IBM, Armonk, NY).

RESULTS

At follow-up, clinical and/or radiologic resolution of
primary ABC was seen in 58/70 patients after 1 or more
injections with polidocanol (83%). Number of injections with
polidocanol required to achieve clinical and/or radiologic
cure ranged from 1 to 5 (Table 2). Three patients needed 4 or
5 injections. In 12 patients, definitive curettage was performed
after failing to achieve satisfactory clinical and/or radiologic
improvement after (repeated) sclerotherapy. After curettage,
1 patient developed local recurrence, treated with repeat
curettage and cryosurgery resulting in full recovery. RFS was
99% after 1 year, 94% after 2 years, 90% after 3 years, and
75% after 5 years.

Relevant patient and tumor characteristics of patients
requiring >3 injections and/or curettage as definitive
treatment are listed in Table 3. In univariate Cox regression
analysis, several factors were identified resulting in a
potentially higher risk of requiring definitive curettage,

TABLE 2. Number of (Repeated) Percutaneous Injections to
Achieve Cure and Median Amount of Polidocanol Used Per
Injection in Milliliter

Median Polidocanol/

Patients (%) Injection, (Range) (mL)

1 injection 28 (48.2) 6.0 (2-23)
2 injections 16 (27.6) 6.0 (2-22)
3 injections 11 (19.0) 8.0 (3-12)
4 injections 2 (3.5) 9.0 (6-18)
S injections 1(1.7) 10 (10-10)
Total 58 (83)

including lower leg localization, epiphyseal plate
involvement, pathologic fracture, and age younger than 5
(Table 4). In a multivariate model, lower leg localization
and epiphyseal plate involvement increased risk for
sclerotherapy treatment failure. Approximately one-third
of all lower leg lesions required definitive curettage
(including proximal and distal tibia and fibula) after
median 2 injections (range: 1 to 3). Overall, lesions with
failed sclerotherapy eventually requiring definitive curettage
were larger lesions (Table 5), suggesting that larger size may
negatively influence percutaneous sclerotherapy outcome.
The amount of polidocanol used per injection was not a
prognostic factor for treatment failure.

TABLE 3. Patient and Tumor Characteristics in Case of
Suboptimal Result After Sclerotherapy (ie, Requiring >3
Percutaneous Injections) and in Case of Failure of Sclerotherapy
(ie, Requiring Curettage as Definitive Treatment to Cure)

Treatment Failure
(Definitive Curettage)

No. Injections >3 to

Location Cure (n=3), n/N (%) (m=12), n/N (%)
Distal tibia — 1/3 (33)
Proximal fibula — 1/3 (33)
Proximal tibia — 3/10 (30)
Distal fibula — 2/7 (29)
Pelvis 1/9 (11) 2/9 (20)
Foot — 1/8 (13)
Proximal femur 1/8 (13) 1/8 (13)
Proximal humerus 1/14 (7) 1/14 (6)
Clavicle — —
Scapula — —
Costa — —
Proximal ulna — —
Distal femur — —
Hand — —
Epiphyseal plate 1/7 (14) 2/7 (29)
involvement
Pathologic fracture — 3/16 (19)

at diagnosis

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Potential Individual Risk Factors for Sclerotherapy
Treatment Failure in Aneurysmal Bone Cysts With Definitive
Curettage as End Point

Hazard 95% Confidence

n Failure  Ratio Interval P

Univariate Cox regression analysis

Lower leg 23 7 3.6 1.1-12 0.04

Epiphyseal plate 7 2 2.1 0.45-9.9 0.34

involvement

Pathologic fracture 16 3 1.8 0.44-6.9 0.42

Age under 5 10 4 1.5 0.39-5.9 0.54
Multivariate Cox regression analysis

Lower leg 23 7 3.6 1.0-12 0.04

Epiphyseal plate 7 2 2.0 0.43-9.7 0.37

involvement

There was 1 major complication, being hypovolemic
shock due to anaphylaxis shortly after injecting the mix-
ture of polidocanol/Xenetix 300 and ropivacaine in a
5-year-old healthy patient. Resuscitation included 1 no-
shock block for pulseless electrical activity with adrenalin,
resulting in bradycardia for which additional phenyl-
ephrine and atropine were given. Given the hypothesis of
an allergic reaction to one of the agents, hydrocortisone,
clemastine, and ranitidine were given. Return of sponta-
neous circulation was seen after 6 minutes. The intended
treatment was discontinued and the patient recovered
uneventfully; definitive curettage was performed at a later
stage with no further recurrences nor complications. Four
months earlier, the same patient underwent percutaneous
sclerotherapy with the same agents and had a short
course of hypotension. The patient was evaluated by a
pediatrician/allergist, who explained the event as hypo-
tension due to increased bioavailability of ropivacaine, or
immediate (type I/IgE mediated) allergic reaction to either
polidocanol or Xenetix 300, Querbet, Villepente, France.
To date, no allergy tests were performed, with the prag-
matic advise to avoid all agents until the age of 10 years,
followed by epicutaneous skin tests. In several other pa-
tients, a brief drop in blood pressure (RR) was recorded
during the intervention. One patient demonstrated a ten-
sion drop to RR 60/30 mm Hg shortly after injection of
polidocanol/Xenetix 300 and ropivacaine, which normal-
ized after a bolus of ephedrine. One patient demonstrated
a tension drop to RR 70/20 mm Hg shortly after the in-
jection that was only noted by the anaesthesiologist but

TABLE 5. Influence of the Size of the Lesion on Failure Rate of
Percutaneous Injection (ie, When Definitive Curettage Was
Required to Achieve Cure)

Mean
Estimated Mean Polidocanol
Tumor Volume Per Injection
n (mm®) (mL)
Cured after (repeated) 58 55,084 9.4
sclerotherapy
Not cured after (repeated) 12 70,460 8.9

sclerotherapy

€560 | www.pedorthopaedics.com

needed no further medical attention. Two patients re-
ceived a bolus of ephedrine shortly after induction and 2
received a bolus of ephedrine shortly before the end of
general anesthesia; there was no direct relation with the
sclerosant injection. There were no other major or minor
complications in the other patients.

DISCUSSION

In this study, we present our experience with per-
cutaneous sclerotherapy in primary ABC. Primary study
aims were evaluating success rate, risk factors for treat-
ment failure and complications.

In our study, clinical and radiologic resolution of
ABC was seen in 58/70 (83%) patients after 1 or more in-
jections with polidocanol after a median follow-up of
3 years. Puri et al® recently published a smaller retrospective
study (56 patients) with similar success rate after 1 or more
polidocanol injections (84%) and progression-free survival
of 100%, 98%, and 93% after 2, 3, and 5 years. They pre-
sented a similar injection technique but with a maximum of
6 mL sclerosant, whereas polidocanol volume in our study
was based on lesion volume without a maximum. In a
smaller series with 19 patients, Batisse et al?? reported
similar success rates of 85% complete ossification and 95%
pain-free patients after 3 months. In both series, percuta-
neous sclerotherapy with polidocanol demonstrated a safe
and effective minimally invasive technique for primary ABC
treatment. Another retrospective study comparing healing
rates after polidocanol injection with curettage and bone
grafting, demonstrated excellent local control after both
interventions, without statistically significant difference
(93% vs. 85%).14 Also, promising reports on the use of
doxycycline as sclerosing agent in ABC treatment are pub-
lished by Shiels et al.>%2! In a preliminary study, the authors
reported 20 patients with a recurrence rate of 5% after 2 to
14 doxycycline foam injections and with a minimum follow-
up of 24 months.?’ In a second study from the same authors,
focussing on ABC affecting the epiphyseal plate, they re-
ported mainly the same patients included in the same study
period: none of the patients with focal involvement of the
epiphyseal plate demonstrated diffuse epiphyseal growth
arrest; only patients with intraepiphyseal or transepiphyseal
ABC had epiphyseal growth arrests.”! Overall, sclerosant
injection therapy has many advantages over conventional
surgery, including lower complication risk and less surgical
morbidity and is therefore recommended as treatment of
first choice.

Our study is the first to report on trends toward
increased risk for treatment failure after (repeated) per-
cutaneous sclerotherapy. Several trends were identified,
including age younger than 5, epiphyseal plate involve-
ment, and lower leg lesions. Young age and open growth
plates were also identified as risk factors for recurrence
after curettage with a high-speed burr.2? At a younger age
and/or with epiphyseal plate involvement, this increased
failure risk may be explained by higher remaining growth
potential, especially adjacent to epiphyseal plates, result-
ing in more active and growing lesions. A larger tumor
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volume may be more difficult to treat completely with this
minimally invasive technique. However, during follow-up
of larger lesions, they often partially resolve, and only the
remaining cystic part requires repeat injection. It is diffi-
cult to explain our finding of higher failure risk in lower
leg lesions, but the expansile character in regions with less
soft tissue coverage (when compared with upper leg and
upper extremity) and maybe orthostasis resulting in a
higher intralesional pressure may play a role in this. In the
literature, risk factors for failure of sclerosant injection
therapy have not been described, and it would be inter-
esting if future studies will be able to confirm our findings
on trends toward a higher risk for failure of sclerosant
therapy.

Percutaneous sclerosant therapy is generally con-
sidered a safe procedure with a low complication rate.
Several sclerosant agents exist, including polidocanol used
as standard treatment in our center, and doxycycline as
reported by one other group.?%?! Tsagozis and Brosjo**
described different treatment modalities in their review,
and concluded that sclerotherapy is a cost-effective pro-
cedure that may be done in an outpatient setting with
good functional outcome, sometimes requiring multiple
procedures; and that curettage is often effective as a single
procedure, but cannot be performed in an outpatient set-
ting and may result in higher morbidity including growth
disturbances. Complications after polidocanol injections
may include hypopigmentation, injection site necrosis,
pulmonary embolism, 0steom4yelitis, allergic reactions,
and anesthetic complications.!*!825 None of these com-
plications were reported in the recent study of Puri et al.’
We only reported 1 (major) complication. This healthy
S-year-old patient, without known allergies, sustained a
cardiac arrest shortly after injecting polidocanol/Xenetix
300 and ropivacaine. Fortunately, return of spontaneous
circulation was seen after short resuscitation and the pa-
tient completely recovered. We did not proceed with the
planned procedure and definitive curettage was performed
at a later date. Over the course of our study period, 2 other
patients demonstrated transient hypotension shortly after
injection of polidocanol/contrast agent. Recently, a first
case involving severe life-threatening hypersensitivity re-
action after polidocanol injection was reported.!® There-
fore, we advise to perform this procedure under general
anesthesia, to include the injection of polidocanol/contrast
agent in the formal time-out procedure and to announce
this to the anesthesiologist shortly before injecting, in
analogy with announcing cementation in total hip and
knee arthroplasty. In this way, the anesthesiologist may
anticipate potential tension drops. After curettage, the
complication rate can be as high as 10%, and includes
intraoperative hemorrhage, growth disturbances and
infection.?*26

Recently, some experience has been gained with the
use of denosumab, a receptor activator of nuclear factor
kappa-B ligand inhibitor, as systemic targeted therapy for
ABC.1%11.27 Kyrucu and colleagues treated 9 pediatric
ABC patients with denosumab (70 mg/m?* monthly) for a
median of 12 months (range: 6 to 14 mo). Clinically, all

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

patients experienced pain reduction and radiologicallg,
tumor volume reduction ranged from 18% to 82%.%8
Palmerini and colleagues treated 9 ABC patients (median
age 17y, range: 14 to 42y) with denosumab (120 mg
monthly) for a median of 8§ months (range: 3 to 61 mo).
Clinically, all patients experienced pain reduction and
radiologically, replacement of cystic formations with solid
bony tissue was seen.?’ Complications of denosumab
treatment for ABC included rebound hypercalcemia and
asymptomatic hypocalcemia. Recently, a small ther-
apeutic study has been conducted on denosumab as po-
tential treatment for recurrent ABC, axial localization, or
pathologic fracture (NCT03415477), but results have not
yet been published. Currently, an open-label multicenter
phase 2 study on the efficacy of denosumab in giant cell-
rich tumors of the bone (including ABC) is conducted and
still recruiting patients (NCT03605199). None of our pa-
tients received denosumab.

Limitations

One of the limitations of our study is that preoperative
biopsy was performed in only 20 of 70 patients, confirming
the histologic diagnosis in only 10 of these 20. However, in
all patients, perioperative biopsy was performed, confirming
the diagnosis of primary ABC in all patients and ruling out
other diagnoses including telangiectatic osteosarcoma. In
addition, we feel that preoperative biopsy may not always
be representative of the final diagnosis because of sample
error in the large cystic areas.

In conclusion, our study affirmed a high success rate
of percutaneous sclerotherapy in ABC treatment in children,
with a low complication rate. Younger age at diagnosis,
epiphyseal involvement, larger tumor volume, and lower leg
localization (the tibia and fibula) demonstrated a trend to-
ward higher risk for failure of percutaneous sclerotherapy.
Finally, injection of polidocanol/contrast agent should be
announced before the anesthesiologist to be able to antici-
pate the uneventful event of tension drops.
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