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1 Abkiirzungsverzeichnis

ABC

CT

GCT

IU/IE

mg

MMP

MRI/ MRT

RANK

RANKL

USP6

VEGF

Aneurysmal bone cyst, aneurysmale Knochenzyste
Computed tomography, Computertomographie

Giant cell tumour, Riesenzelltumor

International Units/ Internationale Einheiten

Milligramms, Milligramm

Matrix-Metalloproteinase

Magnetic resonance imaging/ Magnetresonanztomographie
Cytokine receptor activator of nuclear factor-kappa B
Cytokine receptor activator of nuclear factor- kappa B ligand
Ubiquitin carboxyl-terminal hydrolase 6

Vascular endothelial growth factor



2 Publikationsliste

2.1 Veroffentlichung I

Grahneis F, Klein A, Baur-Melnyk A, et al. Aneurysmal bone cyst: A review of 65 patients. J] Bone
Oncol. 2019;18:100255. Published 2019 Aug 6. doi:10.1016/j.j0.2019.100255 (IF 2.87)

2.2 Veroffentlichung 11

Diirr HR, Grahneis F, Baur-Melnyk A, et al. Aneurysmal bone cyst: results of an off label treatment
with Denosumab. BMC Musculoskelet Disord. 2019;20(1):456. Published 2019 Oct 20.
doi:10.1186/s12891-019-2855-y (IF 2.0)



3 Einleitung und Grundlagen

Trotz des benignen Charakters sind primire Aneurysmale Knochenzysten (Aneurysmal Bone Cyst, im
Weiteren als ABC bezeichnet) oft aggressive und schwer zu therapierende Lasionen, die zu lokalen
Rezidiven neigen. Sie kommen typischerweise in den Metaphysen der langen R6hrenknochen oder in

der Wirbelsdule vor, und wurden von Jaffe und Lichtenstein in 1942 erstmalig beschrieben [1-3].

ABC treten am haufigsten bei Kindern und jungen Erwachsenen auf. Mit einer Inzidenz von 1.4/100,000
stellen sie etwa 1% aller gutartigen Knochentumore dar [16]. Die Geschlechtsverteilung ist
ausgeglichen. Die Lisionen sind exzentrische Osteolysen des epi-/metaphysdren Knochens mit klarer
Abgrenzung. Sie wachsen expansiv und zeigen bei Krankheitsprogression eine Auftreibung des
Knochens, mit Ausdiinnung der Kortikalis (sogenanntes ,,blow out“-Phédnomen). Histologisch zeigen
sie sich blutgefuillt und durch fibrose Septen getrennt. Sie weisen Fibroblasten, osteoclastenartige
Riesenzellen und reaktiven Geflechtknochen auf [4]. Weichteilmanifestationen sind selten, wurden aber

seit 1972 in einigen Fillen beschrieben [5].

Lange wurde davon ausgegangen, dass ABC ausschlielich reaktiv durch Gefif3-Malformationen
entstehen, durch welche der venose Druck gesteigert wird, und es zur Dilatation des intraosséren
GefaBnetzwerkes kommt [6, 7]. 1999 demonstrierten Panoutsakopoulos et al. jedoch, dass bei priméren
ABC eine balancierte chromosomale Translokation (t[16;17] [q22;p13]) vorliegt[8], die das Hydrolase
6 (USP6)-Gen, welches auf dem Chromosom 17p13 liegt, involviert. Somit wurde die neoplastische
Genese der ABC erwiesen. Die USP6-Translokation kann in ca. 75% der Félle aufgefunden werden[9].
In ausgewdhlten Féllen kann dies eine Option zur Differenzierung von primiren ABC und sekundiren
Léasionen oder anderen Tumoren wie dem teleangiektatischen Osteosarkom sein. Diese Translokation
fiihrt zur vermehrten Produktion von TRE17, einer Protease, die die Aktivitit der Matrix-
Metalloproteinase (MMP)-9 und MMP-10 steigert [10]. Diese wiederum ist, iiber einen autokrinen
Mechanismus mit knochenmorphologischer Dysregulation und verstdrkter Ausschiittung von VEGF
(Vascular Endothelial Growth Factor), mit der Blockierung der Osteoblastenreifung assoziiert. Durch

diesen Mechanismus wird die Vaskularisation verstarkt [11].

Die Behandlung der ABC hat sich iiber die Jahre veridndert. Eine weite Resektion der Lésion ist in den
meisten Fallen aufgrund erheblicher funktioneller Einschrankung keine Option, weshalb intraldsionale
Eingriffe, wie die Kiirettage, die Standardbehandlung darstellen[12]. Aufgrund hoher Rezidivraten von
bis zu 50% wurden zahlreiche adjuvante Behandlungsmethoden verwendet. Die gdngigsten sind heute
Knochenzementfiillung, Argon-Laser, Phenol, Ethanol und Cryotherapie [12]. Weniger invasive
Therapieformen, wie aggressive Biopsie (,,Curopsie®) [13], selektive arterielle Embolisation [14, 15],
Sklerosierung mit Ethibloc oder Polidocanol [16], und die systemischer Therapie mit RANKL-
Inhibitoren (Denosumab) [17], wurden erprobt.



Denosumab ist ein humaner monoklonaler Antikdrper, der spezifisch an ein Protein, das Receptor
Activator of Nuclear factor-Kappa B Ligand (RANKL) genannt wird, bindet [18]. In der Folge wird
verhindert, dass RANKL den RANK-Rezeptor der Osteoclasten aktiviert. Dadurch wird die
Osteoclastenfunktion inhibiert. Denosumab zeigte bei irresektablen Riesenzelltumoren des Knochens
ein gutes Ansprechen, weshalb man prinzipiell auf dhnliche Resultate bei der Behandlung der ABC
hoffen kann, da eine Ahnlichkeit beider Lisionen besteht [19]. Es existiert noch kein etabliertes
Protokoll oder eine Behandlungsempfehlung fiir Denosumab bei ABC. Zum Zeitpunkt der
Veroffentlichung unserer Studie gab es zur Behandlung der ABC mit Denosumab nur zwei Fallstudien
mit jeweils 9 Patienten [17, 20, 21] sowie 11 weiteren Féllen, die als individuelle Fallberichte publiziert

wurden [21-30].

4 Zielsetzung der Untersuchungen

Das Ziel dieser Arbeit ist die Aufarbeitung von Klinik, Radiologie und den Ergebnissen der diversen
Therapieoptionen der ABC. In der Publikation ,,Aneurysmal bone cyst: A review of 65 patients” werden
alle in unserer Klinik behandelten Patienten vorgestellt, welche hauptsadchlich mit Kiirettage, mit und
ohne adjuvante Phenolisation, und auch mit weniger invasiven Interventionen behandelt wurden. In der
zweiten Studie ,,Aneurysmal bone cyst: results of an off label treatment with Denosumab‘ wird eine

Serie von sechs Patienten vorgestellt, die off-label mit Denosumab behandelt wurden.

Die geringe Fallzahl dieser Lasion und die Bandbreite an Behandlungsoptionen macht es nétig, dass
viele Fille beschrieben und publiziert, und dariiber hinaus zentrumsiibergreifend verglichen werden.
Wir hoffen, dass wir mit der Verdffentlichung unserer Erfahrungen dazu beitragen konnen, diese Léasion

besser zu verstehen und die Therapiekonzepte dieser Erkrankung zu optimieren.

5 Zusammenfassung

5.1 Methode

Zwischen 1982 und 2014 wurden in unserer Klinik 65 Patienten mit histologisch bestatigter ABC
behandelt. Davon waren 61 intraossdr und 4 im Weichgewebe lokalisiert. Die Datensdtze und
vorhandene Bildgebung aller Patienten wurden retrospektiv erfasst und analysiert. Nach Zustimmung
der Ethikkommission der Fakultédt (18-373) wurden alle Patienten personlich kontaktiert, entweder in
unserer Ambulanz oder im Rahmen einer telefonischen Befragung. Eine schriftliche

Einverstdndniserkldrung, aller in dieser Studie inkludierten Patienten, wurde eingeholt.

Bei der Behandlung gab es ein weites Spektrum an Therapieoptionen. Die meisten Patienten wurden

chirurgisch behandelt, mit wund ohne Adjuvans. AufBlerdem wurden minimalinvasive
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Polidocanolinjektionen, interventionelle arterielle Embolisationen und, seit 2011, auch nicht-invasive
Therapie mit RANKL-Inhibitoren eingesetzt. In diesen 6 Fillen wurde Denosumab off-label, im bei
GCT etablierten Behandlungsregime, eingesetzt [31]. Indikation fiir letzteres war die erwartete
unverhidltnisméfBige Morbiditdt bei chirurgischer Intervention, bei primdren Lésionen oder bei
Rezidiven, oder als adjuvante Rezidivprophylaxe nach chirurgischer Intervention. Denosumab wurde
subkutan in einer Dosis von 120 mg an Tag 1, 8, 15, 29 und danach alle 4 Wochen appliziert. Eine
Dosisreduktion erfolgte bei einem 6 Jahre alten Jungen und bei manchen Patienten gegen Ende der
Therapie. Um eine Hypokalzdmie als Nebenwirkung zu vermeiden, wurden téglich Vitamin D 1000 IU
und Calcium 500 mg supplementiert. Kontrolluntersuchungen wie MRT, Rontgen oder in spezifischen
Féllen eine CT-Bildgebung wurden alle 3 Monate im ersten Jahr, und alle 6 Monate im zweiten Jahr der
Therapie durchgefiihrt. Weitere Kontrolluntersuchungen erfolgten nach individueller Entscheidung.
Wie in der Literatur beschrieben, sollten ABC jedoch erst als geheilt betrachtet werden, wenn 2 Jahre
nach Ende der Therapie kein Rezidiv aufgetreten ist [14]. Die Therapicoptionen wurden bei
entsprechender Indikation kombiniert, sodass zusammengefasst 80 Interventionen an 65 Patienten

durchgefiihrt wurden.

Zur Datenanalyse wurde die MedCalc®-Software benutzt. Zur statistischen Analyse wurde das Rezidiv-
freie Uberleben mithilfe des Kaplan-Meier-Verfahrens berechnet. Die Signifikanzanalyse wurde mittels

Log-Rank-Test, beziechungsweise Chi-Quadrat-Test, durchgefiihrt.

5.2 Ergebnisse

Die meisten unserer Patienten waren zum Zeitpunkt der Behandlung in ihrer zweiten Lebensdekade. Im
Durchschnitt waren sie 25,3 + 16,0 Jahre alt. Das Alter der Patienten reichte von 4 bis 74. Das Verhéltnis
minnlicher zu weiblichen Patienten war 0,94. 61 der ABC waren intraossar und 4 im Weichgewebe
lokalisiert. Von den intraossdren Lisionen befanden sich 23% im Becken, 18% im Femur, 16% in der
Tibia, 10% in der Wirbelséule, 8% im Humerus, je 5% in Hand und FuB, je 3% in Radius und Ulna, und

je eine in Rippen, Patella und Fibula.

Zur Diagnosestellung flihrten am hiufigsten die Symptome Schmerz (89%) und lokale Schwellung
(15%). Die maximale Ausdehnung der Lésionen wurde in der Schnittbildgebung ermittelt. Sie reichte

von 1 bis 30 cm und ergab im Durchschnitt 5,2 cm + 4,0 cm.

Sechs Lasionen wurden reseziert (4 im Weichgewebe und 2 im Knochen). Hier kam es in keinem Fall
zum Rezidiv. 5 Patienten wurden interventionell mit Polidocanolinjektionen (3) oder Embolisation und
Denosumab behandelt (2). Bei Therapie mit Embolisation und Denosumab zeigte sich in beiden Féllen
eine Stabilisation der Léasion, ohne weiteren Behandlungsbedarf. Die Anwendung von
Polidocanolinjektionen fiihrten auch zur Stabilisation der Lision eines Patienten. Bei den zwei anderen

Patienten musste anschlieBend noch eine Kiirettage mit adjuvanter Phenolisation durchgefiihrt werden,

10



um zum selben Ergebnis zu kommen. Von diesen beiden wiederrum zeigte sich bei einem eine stabile
Persistenz, beim anderen Patienten musste eine zweite Kiirettage durchgefiihrt werden, diesmal ergénzt

durch Phenol und Denosumab, was auch zu einer stabilen Persistenz fiihrte.

Von 54 priméren Kiirettagen wurden 33 ohne adjuvante Phenolisation durchgefiihrt. In dieser Gruppe
wurden 21 Léasionen geheilt (64%), 3 (9%) zeigten eine stabile Persistenz und 9 (27%) hatten ein
Rezidiv. Von diesen 9 Rezidiven wurden 7 erneut kiirettiert, was bei 6 zur Heilung fiihrte und in einem
Fall zur Persistenz, auch nach dritter Kiirettage und Denosumabtherapie. Ein Rezidiv wurde durch

Polidocanolinjektion geheilt und ein Patient entschied sich gegen eine weitere Therapie.

Von den 21 priméren Kiirettagen mit adjuvanter Phenolisation fiihrten 16 (76%) zur Heilung, 3 (14%)
zeigten eine stabile Persistenz (eine davon unter adjuvanter Denosumabtherapie), bei 2 Patienten kam
es zu einem Rezidiv. Bei einem dieser Patienten wurde eine zweite Kiirettage mit Phenol durchgefiihrt,
was zur Heilung fiihrte. Der andere Patient stellte sich zur weiteren Behandlung in einer anderen Klinik

vor. Das Endergebnis ist uns nicht bekannt.

Zusammengenommen wurden 80 Interventionen bei 65 Patienten durchgefiihrt. Von den 66 Kiirettagen
fiihrten wir 39 ohne und 27 mit adjuvanter Phenolisation durch. Heilung wurde in 25 (64%) bzw. 19
(70%) der Fille erreicht. Zu Persistenzen kam es in jeweils 5 (12%/19%), zu Rezidiven in 9 (23%) bzw.
3 (11%) Fallen. Der Gesamtmittelwert des Follow-ups lag bei 119 Monaten (Median 82 Monate; 3,1 bis
408 Monate). Bei 15 Patienten (19%) kam es zu Lokalrezidiven (in den meisten Féllen (80%) innerhalb
der ersten 2 Jahre nach erstmaliger Therapie, bei einem Patienten jedoch auch noch iiber 8 Jahre nach
der initialen Intervention). Bei Rezidivldsionen war das Risiko eines weiteren Rezidivs erhoht. Dieser

Unterschied erreichte in unserer Studie jedoch keine statistische Relevanz.

Die Denosumabbehandlung, der hierfiir ausgewédhlten Patienten, erfolgte zwischen 2011 und 2018. Es
waren 6 Patienten (4 weiblich und 2 méannlich) im Durchschnittsalter von 17 Jahren (6 bis 30 Jahren).
Das filhrende Symptom war bei allen Patienten Schmerz, mit einer mittleren Dauer von 14 Monaten (1-
42 Monate) vor Diagnosestellung. Zwei der Lasionen waren im Steif3bein lokalisiert, und jeweils eine
in Becken, Talus, im distalen Femur und distalen Radius. Bei beiden Patienten mit sakraler ABC wurde
vor der initialen Behandlung eine Feinnadelbiopsie durchgefiihrt. Bei 4 der Kinder und Jugendlichen

kam es nach Absetzen des Denosumabs zu einer schweren Hyperkalziamie als Reboundphdnomen.

5.3 Schlussfolgerungen

Die Kiirettage bleibt die Standardtherapie der ABC. Die Anwendung einer adjuvanten Phenolisation
konnte keinen signifikanten Einfluss auf die Rezidivraten zeigen. Die Resektion der ABC fiihrt zu einer
Rezidivrate von 0%, ist aber nur in sehr wenigen Féllen durchfiihrbar. Minimalinvasive Verfahren

konnen zur Heilung oder zu tolerabler Persistenz fiihren, sie miissen jedoch mehrmals durchgefiihrt
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werden und konnten bisher, im Vergleich mehrerer Kliniken, noch keine eindeutigen Ergebnisse

hervorbringen.

Denosumab ist ein weiteres, nicht invasives Mittel zur Behandlung von ABC. Der Einsatz ist vor allem
in chirurgisch kritischen Lokalisationen, wie dem Becken und der Wirbelséule, interessant. Aulerdem
konnte der adjuvante Einsatz nach intraldsionaler Kiirettage zur Reduktion von Lokalrezidiven bei
aggressiven Lésionen fithren. Die hdufigste der schweren Nebenwirkungen von Denosumab, die
aseptische Kiefernekrose, wurde bei der Behandlung der ABC bis jetzt noch nicht beschrieben. Jedoch
bleibt, aufgrund des niedrigen Alters einiger Patienten, die schwere, reaktive Hyperkalzdmie auch
Monate nach Therapieende ein betrdchtliches Risiko. Deswegen sollten regelméBige Kontrollen der
Laborparameter fiir mindestens zwei Jahre nach Ende der Therapie durchgefiihrt werden. Allen
behandelnden Arzten muss bewusst sein, dass die Indikation von Denosumab bei ABC off-label
geschieht und daher einer intensiven, interdisziplindren Diskussion mit dem Patienten oder seiner

Familie bedarf.

6 Summary

6.1 Methods

In our Institution 65 patients with primary ABC were treated between 1982 and 2014. All of these were
histologically proven. After attaining approval of our institution’s ethics committee (#18-373), clinical
data and imaging studies were collected from patients medical records and systematically reviewed. All
patients were contacted personally, either in our outpatient clinic or in a telephone survey. Written

consent of all patients included in this study was acquired.

A wide range of treatments was provided. Most patients were treated surgically, with and without
adjuvants. In selected cases arterial embolizations or minimal invasive Polidocanol injections were
performed. Since 2011 we also provided non-invasive therapy with RANKL-Inhibitors to treat patients
with ABC. Indication had been either recurrence prevention in an adjuvant setting after surgery, or
expected unreasonable morbidity of surgical treatment. In these 6 cases, Denosumab was used off-label,
in the protocol established for giant cell tumor (GTC) of bone [31]. Treatment was administered on days
1, 8, 15, 29 and every 4 weeks afterwards, in a dose of 120 mg subcutaneously. Dose reduction was
possible in a 6-year-old boy and in some patients towards the end of their treatment. To avoid
hypocalcemia as a side effect, Vitamin D 1000 IU and Calcium 500 mg were supplemented daily.
Follow-up imaging such as radiographs, magnetic resonance imaging (MRI) or, in selected cases,
computed tomography (CT) were performed routinely 4 times in the first year, and 2 times in the second
year of therapy. Further investigations were based on individual decision. Since recurrence has been

described at later points after the treatment, ABC can be considered healed if there is no recurrence for
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2 years after cessation of treatment [14]. A combination of the treatments listed was provided in some

cases, so that in total, 80 procedures were performed on 65 patients.

For data analysis software, MedCalc® software was used. Statistical analysis was performed according
to the Kaplan-Meier method to calculate the recurrence-free survival. Log-Rank test or Chi-Square test

were used for significance analysis.

6.2 Results

At the time of treatment, most of our patients were in their second decade of life, with a mean age of
25,3 + 16,0 years, ranging from 4 to 74 years. The ratio of male to female patients was 0.94. In 61 cases,
the tumors were located in bone, and in 4 cases we saw manifestation in soft tissue. Of the skeletal
lesions, 23% were located in the pelvis, 18% in the femur, 16% in the tibia, 10% in the spine, 8% in the

humerus, 5% each in hand and foot, 3% each in radius and ulna and one each in ribs, patella and fibula.

The most common symptoms leading to the diagnosis were pain (89%) and local swelling (15%). The
maximum extent of the lesions was determined by cross-sectional imaging. It ranged from 1 to 30 cm

with a mean maximum diameter of 5.2 cm £+ 4.0 cm.

In six cases, resection was achieved (2 bone and 4 soft tissue). None of these lesions showed recurrence.
5 patients were treated with interventional procedures. 2 of them with embolization and Denosumab,
which resulted in stable persistent disease without the need for further treatment. 3 patients were treated
with polidocanol injections, which led to the same result in one patient. In the other two patients,
curettage with adjuvant phenolization had to be performed. Of these two patients, one showed stable
persistent disease and the other had to receive second curettage, this time complemented by phenol and

Denosumab, finally leading to stable persistent disease.

Out of 54 primary curettages, 33 were performed without adjuvant penalization. This led to cure in 21
(64%) cases, 3 (9%) resulted in stable persistent disease and 9 (27%) showed recurrence. Of these 9
recurrent lesions, 7 underwent a second curettage, healing 6 and causing persistent disease in one case,
even after a third curettage and Denosumab treatment. One recurrence was cured by polidocanol

injection and one patient decided against further treatment.

Out of 21 primary curettages with adjuvant phenolization, 16 lesions were cured (76%), 3 (14%) showed
stable persistent disease (one of them with adjuvant Denosumab therapy), 2 patients showed local
recurrence. In one of these patients a second curettage with phenol was performed, which led to healing.

The other patient chose another institution for further treatment. The final outcome is not known to us.

In total, 80 interventions were performed on 65 patients. Of the 66 curettages, 39 were performed
without and 27 with adjuvant phenolization. The lesions were cured in 25 (64%) and in 19 (70%) cases,

showed persistent disease in 5 cases each (12%/19%) and recurrence in 9 (23%) and 3 (11%) cases,
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respectively. The total mean follow-up was 119 months, ranging from 3.1 to 408 months, with a median
of 82 months. In 15 patients (19%), local recurrence was seen. Most of these (80%) occurred within the
first 2 years after the initial intervention. But in one case recurrence became evident more than 8 years
after the initial treatment. In recurrent lesions, the risk of further recurrence was increased, without

reaching significance in our series.

The Denosumab treatment of 6 selected patients was carried out between 2011 and 2018. 4 female and
2 male patients with an average age of 17 years (ranging from 6 to 30 years) were treated for
histologically proven ABC. The leading symptom in all patients was pain, with a mean duration of 14
months (1 to 42 months) before diagnosis. Two lesions were located in the sacrum, and one each in
pelvis, talus, distal femur and distal radius. In both patients with sacral ABC a fine needle biopsy was
performed before the initial treatment. In 4 of the children and adolescents severe hypercalcemia

occurred as a rebound phenomenon after discontinuation of Denosumab.

6.3 Conclusion

Curettage remains the standard treatment of ABC. The use of adjuvant phenolization could not show
significant influence on recurrence rates. While resection of the lesion showed no recurrence at all, it is
feasible only in very few localizations, predominantly in soft tissue. Minimally invasive procedures
have been able to cure ABC or lead to tolerable persistence of the residual cysts. However, these
procedures have to be performed several times and have not yet been able to produce homogenous

results in comparison of data from several institutions.

Denosumab adds a non-invasive treatment to the arsenal against ABC. The application is particularly
interesting in surgically critical locations, such as the pelvis and the spine. As adjuvant treatment after
surgical intervention, it may reduce the recurrence rate in aggressive lesions. The most common of the
severe complications of Denosumab, osteonecrosis of the jaw, has not been described in patients treated
for ABC. But due to the low age of some patients, severe reactive hypercalcemia remains a significant
risk even months after the end of therapy. Therefore, regular checks of laboratory parameters should be
performed for at least two years after the end of therapy. Since the indication of Denosumab for ABC is
off-label, there should be an elaborate discussion with the patient or their family, before the beginning

of each treatment.
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1. Introduction

ABSTRACT

Background: Aneurysmal bone cysts (ABC) are benign but locally aggressive lesions. The treatment of ABC has
evolved over the years, but curettage with or without local adjuvants still represents the standard. Less invasive
methods such as embolization, sclerotherapy or RANKL inhibitors (Denosumab) are also established. The aim of
this study was to report and compare the results of a series of patients mainly treated with curettage with and
without subsequent phenolization.

Methods: 65 patients with the unequivocal diagnosis of primary ABC were treated. 61 of them were located
within the bone whereas 4 patients had an ABC of the soft tissues. All patient were treated surgically by means of
curettage with or without adjuvants, resection, or with minimally invasive methods such as Polidocanol injec-
tions, embolizations or Denosumab treatment. In total 80 procedures had been performed.

Results: Our patients had a mean age of 25.3 *= 16.0 years, ranging from 4 to 74 years. The most common
skeletal locations were the pelvis in 23%, the femur in 18%, the tibia in 16% and the spine in 10%. Six lesions
were resected and showed no recurrence. 5 patients were treated with polidocanol injections (n = 3) or em-
bolization plus systemic treatment with Denosumab (n = 2). With embolization and Denosumab both patients
showed stable disease and required no further treatment. Polidocanol injections resulted in stable disease with
no further treatment required in one patient and in subsequent curettage with adjuvant phenolization in two
other patients.

In 54 initial curettages 21 were performed with adjuvant phenolization. In this group, 16 lesions healed

(76%), 3 showed persistent disease and 2 patients had a local recurrence (9%). Out of 33 patients without
phenolization 21 (64%) healed, 3 showed stable persistent disease and 9 (27%) experienced a recurrence. In
total we performed 66 curettages, 27 with and 39 without adjuvant phenol treatment. Resolution was achieved
in 19 (70%) and 25 (64%) of cases. respectively. Persistent disease was evident in 5 cases each and recurrence in
3 and 9 cases, respectively (n.s.).
Conclusion: Curettage is still the standard of treatment for ABC. Local recurrence does not depend on the use of
adjuvant phenol as shown in this and other studies. Minimally invasive methods such as selective embolization
and injections of sclerosing agents may result in healing or at least in tolerable persistence of residual lesions but
needs repetitive treatments and does not show homogenous results throughout the institutions. Denosumab
appears to be an additional option, especially in surgically critical locations such as the spine or the sacrum.

are most often seen in children and young adults with no sex pre-
dilection. These lesions are lytic, usually eccentrically located and ex-

Aneurysmal bone cyst (ABC) are benign intraosseous or rarely soft pansive with well-defined margins. There are blood-filled, separated by
tissue lesions and were first described by Jaffe and Liechtenstein in fibrous septa, with fibroblasts, osteoclast-type giant cells and reactive
1942 [1]. ABC's are considered benign yet locally aggressive lesions woven bone [4]. Soft tissue lesions are rare but since 1972 have been
with a potential for local recurrence, and they typically appear in the described in a number of cases [5].
metaphysis of the long bones and in the vertebral column [2,3]. ABC's Aneurysmal bone cysts were originally thought to be reactive in
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nature, caused by a circulatory abnormality leading to an increased
venous pressure and resulting in dilation of the vascular network [6,7].
Nowadays, the neoplastic nature of aneurysmal bone cyst has been
proven since in 1999, Panoutsakopoulos et al. demonstrated a balanced
chromosomal translocation t(16;17)(q22;p13) as a cytogenetic ab-
normality in primary aneurysmal bone cyst [8] involving the USP6
gene, located on chromosome 17p13. After establishing this USP6
translocation as a diagnostic tool, it has been found in approximately
75% of the cases [9]. Thus differentiating primary ABC's from sec-
ondary lesions or other tumors such as teleangiectatic osteosarcoma
had become much more easier.

The treatment concepts of ABC have evolved over the years.
Resection is not an option in most of the cases leaving intralesional
procedures such as curettage as standard of care [10]. Due to local
recurrence rates of more than 50%, various adjuvant treatments have
been used. Most common are PMMA bone cement, argon beam, phenol,
ethanol and cryotherapy [10]. Less invasive methods such as aggressive
biopsy (“Curopsy”) [11], selective arterial embolization [12,13],
sclerotherapy with ethibloc or polidocanol [14] and systemic therapy
with RANKL inhibitors (Denosumab) [15] have been tried. The aim of
this study was to report and compare the results of a series of patients
mainly treated by curettage with and without adjuvant phenol treat-
ment and also by less invasive interventions.

2. Material and methods

Between 1982 and 2014, 65 patients with histologically proven
primary ABC were treated at our institution. 61 of these ABC were lo-
cated in bone whereas 4 patients had an ABC of the soft tissues. The
medical records and imaging studies of all cases were reviewed after
obtaining institutional review board approval and each patient was
either contacted by means of a telephone survey or seen in the out-
patient clinic. All patient had been treated surgically by curettage with
or without adjuvants, resections, or with minimally invasive methods as
Polidocanol injections, embolizations or Denosumab therapy. In total,
80 procedures were performed.

2.1. Statistical analysis

For statistical analysis, the recurrence-free survival was calculated
according to the Kaplan-Meier method. Significance analysis was per-
formed using the Log-Rank test or the Chi-Square test, respectively. The
data analysis software used was MedCalc®.

3. Results

Our patients had a mean age of 25.3 + 16.0 years at the time of
treatment, ranging from 4 to 74 years, most of them were in their
second decade of age (Fig. 1). The male to female ratio was 0.94. The
most common skeletal locations were the pelvis in 23%, the femur in
18%, the tibia in 16% and the spine in 10% followed by the humerus in
8%, the hand and the foot in 5% each, radius and ulna in 3% each and
patella, ribs and fibula in one case each.

The main symptoms that had led to the diagnosis were pain in 89%
and local swelling in 15%. As measured on cross-sectional imaging, the
mean maximum diameter of the lesions was 5.2 cm * 4.0 cm, ranging
from 1 to 30 cm.

The therapy and outcomes are shown in Fig. 2. Six lesions were
resected (4 soft tissue and 2 bone) and showed no recurrence. 5 patients
were treated with polidocanol injections (n = 3) or embolization and
Denosumab (n = 2). With embolization and Denosumab both patients
showed stable disease and need no further treatment. Polidocanol in-
jections caused stable disease with no further treatment in one patient
and curettage with adjuvant phenolization led to the same result in two
additional patients. Of those, one patient showed stable persistent dis-
ease after the procedure, the second needed a second curettage
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Fig. 1. Age distribution in 65 patients with aneurysmal bone cysts.

including now also phenol and Denosumab which lead to stable per-
sistent disease.

Out of 54 primary curettages, 21 were performed with adjuvant
phenolization. In this group, 16 lesions healed (76%), 3 showed per-
sistent disease (one with adjuvant Denosumab therapy) and 2 patients
had a local recurrence. One of those 2 recurrences had a second cur-
ettage with phenol and subsequently healed, the other opted for
treatment at another institution with the final outcome unknown.

Out of 33 primary curretages without adjuvant phenolization, 21
(64%) healed, 3 showed stable persistent disease and 9 (27%) had a
recurrence. Out of those 9 recurrent cases, 7 had a second curettage
which resulted in healing in 6 patients and in persistent disease even
after a third curettage and Denosumab treatment in one patient. One
recurrence healed after a polidocanol injection and one patient opted
for no further therapy.

In total, we performed 66 curettages, 27 with and 39 without ad-
juvant phenolization. Healing was achieved in 19 (70%) and in 25
(64%) cases, respectively. Persistent disease was evident in 5 cases each
and recurrence in 3 and 9 cases, respectively (Fig. 3, n.s.). Overall, 80
interventions were performed on 65 patients.

The total mean follow-up was 119 months (median 82 months,
range 3.1-408 months). Local recurrence was seen in 15 (19%) patients
and with most of them (80%) during the first 2 years after initial
treatment, but one patient as late as more than 8 years after the in-
tervention (Fig. 4). In cases where the lesion had already been a re-
current disease, the risk of further recurrence was increased, but this
difference did not reach significance in our series (Fig. 5). A comparison
of this data to the published series is listed in Table 1.

4. Discussion

ABC is a benign but locally aggressive lesion with no unequivocally
defined primary treatment option. En bloc resection is not an option for
the majority of patients because of the resulting disability/the required
reconstructive surgery on the background of a benign disease. So in-
tralesional curettage with or without bone grafting is still the pre-
dominantly used therapy, but carries a risk of local recurrence of about
20% [3]. Phenol, introduced in 19th century medicine as carbolic acid,
has long been used for achieving locally aseptic conditions or “ster-
ilization” of remaining tumor cells after intralesional procedures as for
example with giant cell tumor (GCT) of bone [16]. In a comparison of
curettage with or without adjuvant phenolization in 43 versus 19 pa-
tients with ABC, the local recurrence rates were 14% vs. 16%, in-
dicating that this adjuvans has no additional benefit [17]. This is con-
firmed by our present study. In GCT, the adjuvant effect of phenol is

16



F. Grahneis, et al.

2 resection

= 3 polydocanol injection
- S minimalinvaseve -
2 embolization +
| Denosumab.
- 61 bone I
O
&> - 21with phenol
< -
<
£
2
c L. Stcuerage
2
®
Q
n
©
b 33 without phenol
I — J— _-

2 curettage with phenol

1 polydocanck injection

Journal of Bone Oncology 18 (2019) 100255

1 polydocanol injection

1 curvttage with phenol +
1 curcttage with phenol osdemal s

1 curettage with phenol
and Denosumab.

Tingection with
cakcitonine, stercids +
Denosumab

1 curettage without phenol,
! + Denosumab

100 further therapy

Fig. 2. Type of intervention and outcomes in 65 patients with ABC.

still a subject of discussion. Our own results using the same technique as
in ABC showed a trend towards fewer recurrences but without
achieving statistical significance [18]. In a recently published report by
Nithyananth et al., the minimum time for effective action of phenol
against giant cell tumour (GCT) cells was found to be 3 min (67% cell
death) with 6 min being required for maximum efficacy (100% cell
death) [19]. In our series, we used 50% phenol dissolved in 75%
ethanol on swaps, maintained in the curettage cavity for 1 min. So this
might have influenced the effect of the substance.

With high speed burring the same conflicting data is evident: no
effect at all [17,20] or only one recurrence in 31 patients [21]. Argon
beam coagulation, cryosurgery and cementation have either the risk of
osteonecrosis and fracture or leave a biologically inert implant in a
meta-epiphyseal location in children or young adults [10].

So over the years, less invasive procedures were propagated.
Ethibloc, an alcoholic solution of a fibrogenic and thrombogenic agent
proved to be effective with repeated injections but in some cases
showed severe side effects [22]. In a randomized study with 94 pa-
tients, repeated injections of polidocanol showed better results than
curettage alone (93% vs 85% healing) [23]. In our own series of pa-
tients presented here, polidocanol either led to local recurrence or to
persistent disease.

Repeated arterial embolizations have also been reported with suc-
cess rates of 80% and higher [12].

One group of investigators also described repeated injections of
doxycycline, an antibiotic with some potential to inhibit matrix me-
talloproteinases and angiogenesis. Shiels et al. reported a healing rate of
94% with this method [24].

Local recurrence free survival
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Fig. 3. Local recurrence free survival in 39 patients treated with curettage alone and 27 patients treated with curettage and adjuvant phenolization.
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Fig. 4. Local recurrence free survival in 80 interventions in patients with ABC.

With a high rate of recalcification in GCT of bone, Denosumab, a
human monoclonal antibody against the kappa B ligand (RANKL)
which promotes osteoclast activation is also being used in ABC. In a
recent case series of 9 patients, 5 were still under therapy, 2 patients
had to be operated on and 2 patients showed stable disease after one
and two years, respectively [15]. Our own experience is quite favorable.
Two patients showed stable disease after cessation of Denosumab
(Fig. 6), in 3 others, Denosumab was used after curettage. 2 patients
showed stable small residual disease, one patient progressed and is
again being treated with Denosumab. But we did also observed severe

acute hypercalcemia following anti-RANKL withdrawal in children as
described in several case reports [25].

5. Conclusion

Resection of aneurysmal bone cysts results in a local recurrence rate
of 0% but is only feasible in very selected cases which is why curettage
still represents the standard of treatment. Local recurrence does not
depend on the use of adjuvant phenol as shown in this and other stu-
dies. Minimally invasive methods such as selective embolization and
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Fig. 5. Local recurrence free survival in 60 interventions in patients with primary ABC and 20 patients with recurrent ABC.
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Table 1
A comparison of this data to published series of patients with primary aneurysmal bone cysts.
Resection Curettage Polidocanol Denosumab
CR SD PD CR SD PD CR SD PD CR SD PD
This study 6 (100%) 0(0%) 0(0%) 44 (67%) 10 (15%) 12 (18%) 0 (0%) 1 (33%) 2(67%) 0 (0%) 2(100%) 0 (0%)
Basarir et al. [26] 19 (100%) 0(0%) 0(0%) 27 (77%) 8 (23%)
Brosjo et al. [27] 37 (97%) 1 (3%)
Dormans et al. [28] 37 (18%) 8 (82%)
Erol et al. [29] 5 (100%) 0(0%) 0(0%) 52 (93%) 0 (0%)
Flont et al. [30] 10 (100%) 0(0%) 0(0%) 14 (85%) 2 (15%)
Gibbs et al. [31] 6 (100%) 0(0%) 0(0%) 30 (88%) 4 (12%)
Kececi B. et al. [17] 9 (100%) 0(0%) 0(0%) 66 (87%) 0 (0%) 10 (13%)
Kurucu et al. [32] 6 (67%) 3 (33%)
Kurucu et al. [32] 6 (67%) 3 (33%)
Mankin et al. [33] 120 (80%) 30 (20%)
Palmerini et al. [15] 2(22%) 7 (78%) 0 (0%)
Peeters et al. [34] 76 (95%) 4 (5%)
Ramirez et al. [35] 21 (72%) 8 (28%)
Rastogi et al. [36] 48 (67%) 22 (30%) 2 (3%)
Reddy et al. [11] 162 (85%) 28 (15%)
Schreuder et al. [34] 76 (95% 4 (5%)
Schulte et al. [37] 33 (80%) 8 (20%)
Shooshtarizadeh et al. [38] 33 (87%) 0 (0%) 5 (13%)
Solooki et al. [39] 4100% 0(0%) 0(0%) 30 (94%) 0 (0%) 2 (6%)
Varshney et al. [23] 39 (85%) 0 (0%) 7 (15%) 42 (93%) 0 (0%) 3 (7%)
Vergel De dios et al. [3] 17 (100%) 0(0%) 0(0%) 107 (79%) 0 (0%) 29 (21%)
Wang et al. [21] 30 (97) 0 (0%) 1 (3%)

Fig. 6. CT-scan (A) showing massive osteolytic destruction of the sacrum at the levels S1 and S2 caused by ABC. (B) The lesions shows typical fluid- fluid levels on T2-
weighted TSE imaging with the patient in supine position, which is a sign of internal bleeding within the cysts. (C) CT-scan two months after initiation of treatment
with Denosumab showing initial sclerotic demarcation of the lesion and increased sclerosis. (D) CT-scan after one year of treatment demonstrating stable osseus

reconstitution of both sacral ala.

injections of sclerosing agents or Doxycycline may result in healing or
at least in tolerable persistence of residual lesions but require repetitive
treatments and have so far not shown homogenous results between
different institutions. Denosumab is a recent additional option espe-
cially in surgically critical locations such as the spine or the sacrum.
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after discontinuation of Denosumab may occur.

Background: The treatment of aneurysmal bone cysts (ABCs) has evolved and less invasive methods have been

tried. Denosumab is a monoclonal antibody which inhibits osteoclasts. It has been shown to be effective in giant
cell tumour of bone (GCT) of bone and hence promises some effect also in ABC. We report on 6 patients treated
with Denosumab and compare our results to the cases already published.

Methods: Data of 6 patients with ABCs and patients whose treatment included Denosumab were retrospectively
analyzed. Denosumab was used at a dose of 120 mg on days 1, 8, 15 and 29, and every 4 weeks thereafter. In some
of these patients the dose was reduced at the end of the treatment. Clinical and radiological responses were

Results: In 4 female and 2 male patients with a mean age of 17 years (range: 6-30 years) the lesions were located
in the sacrum (2), in distal radius, distal femur, talus and pelvis. One of the sacral lesions healed after 12 months and
has stayed stable for 3 years since. The second patient received 2 years of therapy with recalcification, but recurred
1 year later and is under renewed therapy. The pelvic lesion improved but recurred. This patient has a 13-years
history of intermittent therapy including surgery, two pregnancies and remains in a stable situation. The lesion of
the talus did not improve with Denosumab after surgery and was complicated by destruction of the ankle joint
with osteoarthritis. Recurrent lesions of the distal femur and the distal radius, previously treated by curettage and
bone grafting healed under Denosumab and have remained stable for 2 and 3 years, respectively. One case of
severe hypercalcemia was observed in a 7-year old child 6 months after discontinuation of Denosumab.

Conclusion: Denosumab provides a treatment option for ABCs in anatomically critical locations. Adjuvant
application might reduce the rate of local recurrence. In young patients, severe rebound hypercalcemia months

Keywords: Aneurysmal bone cyst, Denosumab, Recurrence, Prognosis

Background

Aneurysmal bone cysts (ABC) are considered benign yet
locally aggressive lesions with a relevant potential for local
recurrence. They typically appear in the metaphyses of the
long bones and in the vertebral column and were first de-
scribed by Jaffe and Liechtenstein in 1942 [1-3]. ABC's
are most often seen in children and young adults with no
gender predilection. They are lytic, blood-filled, separated
by fibrous septa and with histopathology typically showing
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fibroblasts, osteoclast-type giant cells and reactive woven
bone [4].

ABC(s) were originally thought to be reactive in nature,
caused by a circulatory abnormality leading to an increased
venous pressure and resulting in dilation of the intraosseous
vascular network [5, 6]. In 1999, Panoutsakopoulos et al.
demonstrated a balanced chromosomal translocation t(16;
17)(q22;p13) as a cytogenetic abnormality in primary
aneurysmal bone cyst [7] involving the ubiquitin carboxyl-
terminal hydrolase 6 (USP6) gene, located on chromosome
17p13. Since then, the neoplastic nature of ABC has been
established and the USP6 translocation has since been found
in approximately 75% of cases [8]. In differentiating primary

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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ABC’s from secondary lesions or other tumors such as tel-
angiectatic osteosarcoma this may be an option in selected
cases. This particular translocation enhances the production
of TRE17, a protease which leads to increased matrix metal-
loproteinase (MMP)-9 and increased MMP-10 activity [9].
This in turn is associated not only with blocking osteoblastic
maturation via an autocrine mechanism involving bone
morphogenetic dysregulation, but also increased release of
VEGF (Vascular Endothelial Growth Factor) thus enhancing
vascularization [10].

The treatment of ABC has changed over the years. Due
to its often mutilating character, resection is not an ac-
ceptable option in most of the cases leaving intralesional
procedures such as curettage as the standard of care [11].
Less invasive methods such as aggressive biopsy (“Cur-
opsy”) [12], selective arterial embolization [13, 14], sclero-
therapy with ethibloc or polidocanol [15] have been tried.

Denosumab is a human monoclonal antibody which
binds specifically to the cytokine receptor activator of
nuclear factor-kappa B ligand (RANKL) [16]. This pre-
vents RANKL from activating the RANK receptor of os-
teoclasts, inhibiting osteoclast function. Denosumab is
highly effective in giant cell tumour of bone (GCT) and
therefore similar effects in principle could be hoped for
in ABC, which has distinct similarities to GCT [17]. Up
to now no protocol or treatment recommendation for
the use of denosumab in ABC exists.

To our best knowledge, 2 case series (with 9 patients
each) have previously been published [18-20] with an
additional 11 cases having been published as individual
case reports [20-29].

The aim of this study is to report our results from a
series of 6 patients and to compare our experience to
the data already published.

Methods

Retrospectively all 65 patients with ABCs treated at our
institution between 1982 and 2014 were analyzed with
data having been collected in a prospective fashion. In 6
cases, Denosumab was used off-label in accordance to
the established protocol in giant cell tumor (GCT) of
bone [30]. The indications had been expected unreason-
able morbidity of surgical treatment either in a primary
or in a recurrent lesion or in an adjuvant setting after
surgery for local recurrence. This study was approved by
the ethics committee of our faculty (#18-373). Written
consent was obtained from all patients included in this
study. Denosumab was administered subcutaneously at a
dose of 120 mg on days 1, 8, 15 and 29, and every 4
weeks afterwards. This scheme is later referred to as the
so-called adult regimen. In a 6-year old boy, the dose
was reduced as is described below. In some of the pa-
tients, the dose was reduced towards the end of the
treatment as also described below. Calcium 500 mg and
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Vitamin D 1000 IU were supplemented on a daily basis.
Clinical data was collected from the patients charts.
Routine follow-up investigations such as magnetic res-
onance imaging (MRI) or radiographs and in specific
cases also computed tomography (CT) were performed
every 3months in the first year of therapy, every 6
months in the second year and then based on individual
decision. But as described in the literature ABCs should
be considered as completely healed if recurrence does
not occur within 2 years after the end of therapy [13].

Results
From 2011 to 2018, 6 patients (4 female and 2 male)
with histologically proven ABCs were treated with Deno-
sumab. The mean age was 17 years (range: 6—30 years).
Two lesions were located in the sacrum, one each in dis-
tal radius, distal femur, talus and pelvis. Pain was the
leading symptom in all patients with a mean duration of
14 months (1-42 months) prior to diagnosis.

The two patients with sacral ABCs underwent needle
biopsies prior to initiating treatment.

Case 1

In this 6-year-old boy, the Denosumab dosage regimen was
adapted from a published trial of Densoumab in GCT by
using 50% of the proposed adult dosage (60 mg every 4
weeks with two additional doses on days 8 and 15). Two
months after the initiation of treatment the child was free
of pain. A second CT-scan showed the ABC constant in
size but with increasing bone density at the margins of the
lesion (Fig. 1). At this point, the parents requested an add-
itional embolization, but angiography showed no tumour
vessels and no arterial irregularities and only a minimal
embolization with 0.5ml silicon spheres was performed.
The Denosumab application was continued. After 1 year of
treatment, the child was free of pain with normal growth
and teething. The latest CT-scan showed an impressive
growth of bone starting from the margins of the lesion with
remnants of the cyst on the left and with complete filling of
the defect on the right side. The treatment was stopped
and a follow-up examination was scheduled for 12 months
later. In October 2015, another CT scans showed nearly
complete healing of the cyst. But as a consequence of
Denosumab discontinuation, a severe rebound hypercalce-
mia had developed 6 months after the end of therapy and
made intensive care treatment necessary.

Case 2

An 18-year old male, also with a sacral ABC had an injec-
tion with polidocanol and an embolization not leading to
any improvement. Three months later, Denosumab was
initiated using the above mentioned adult regimen. After 1
year with clinical and radiological success, the dosage was
gradually reduced and after 2years Denosumab was
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the impressive gain of bone at the left sacrum

Fig. 1 a, b: CT-scan (A) showing the massive destruction of the left and also in parts the right sacrum at the levels ST and S2. The blood filling of
the cyst is clearly visible as fluid-fluid levels in the T2-weighted MRI image (b). ¢: CT-scan 2 months after initiation of treatment showing
increasing bone density at the margins of the lesion. d: CT-scan one after 1 year of treatment proofing the total bone restoration in the right and

stopped. One year later he developed a local recurrence as
evidenced by MRI and Denosumab was restarted. 1 % year
later with again radiologically confirmed recalcification the
dosage was again reduced.

Case 3

A 30-year old lady with a very large ABC of the left pel-
vis had curettage and bone grafting after CT-guided bi-
opsy and developed a recurrence 1 year later. Again
curettage and bone grafting was performed resulting in a
second recurrence, 3 % year later. Denosumab was then
initiated using the adult regimen. After 5 months, a clear
response was documented, but after 8 months despite
Denosumab, local recurrence was evident and due to the
reduced stability around the acetabulum, curettage and
bone grafting were again performed. Three months later,
she became pregnant and 1 1/2 years after the previous
surgery, another recurrence was seen and Denosumab
was restarted after cessation of breast feeding 5 months
after the diagnosis of LR. After 18 months, the situation
was stable and the patient decided for a second preg-
nancy with cessation of Denosumab. Three years later
and after an uncomplicated second pregnancy with
twins, a recurrence was again obvious. A needle biopsy
was performed that excluded GCT and confirmed ABC.
Denosumab was started again resulting in partial scler-
osing of the lesion. The dosage of Denosumab has since
been reduced to 120 mg every 2 months.

Case 4

In a 16-year old female after a second recurrence at the
talus treated with bone grafting, Denosumab was used
for 1 year with 120 mg per month leading to a stable
situation. Two years later the lesion again recurred but
now as a ganglioma due to the secondary destruction of
the joint surface. In order to preserve all options for fu-
ture treatment of the ankle joint, repeat curettage and
bone grafting were performed.

Case 5

In a 15-year old female the lesion at the distal radius
was treated with polidocanol injections and a simultan-
eous biopsy at the time of the first injection. Due to pro-
gression subsequently curettage and bone grafting were
performed. Three months later due to recurrence the
procedure had to be repeated (Fig. 2). Denosumab was
then initiated in the adult regimen for 6 months leading
to healing of the lesion with the latest follow-up now 3
years after that point.

Case 6

In a 16-year old female after biopsy the lesion at the distal
femur was treated with an embolization that had no effect
and resulted in further growth of the cyst. Curettage and
bone grafting were performed showing progressive local
recurrence 3 and 5 months after surgery. Denosumab was
begun according to the adult regimen for 1 year followed
by 120 mg every 2 months for 6 months and by 120 mg
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Fig. 2 a Radiograph of the right distal radius showing the typical metaepiphyseal exentric osteolysis of an ABC of bone. b: The lesions shows
typical fluid- fluid levels on T2-weighted TSE imaging with the patient in supine position. c: Local recurrence 3 months after curettage and bone
grafting. d, e: Radiographs 2 months (d) and 1 year (e) after surgery and starting of Denosumab therapy

J

every 3 months for another 6 months. Under this therapy,
the lesion healed without any signs of recurrence and has
been stable now for 2 years.

So in total Denosumab healed one sacral lesion and
stabilized a second with recurrence after cessation and
recalcification after re-establishment of therapy. The pel-
vic lesion improved but recurred after cessation of ther-
apy. This particular patient has a 13-years history of
intermittent treatment with two pregnancies in between
and is currently in a stable situation. The lesion of the
talus did not improve but was complicated by secondary
osteoarthritic destruction. The recurrencies of the distal
femoral and the distal radius lesion after curettage and
bone grafting healed with Denosumab and have
remained s for 2 and 3 years after cessation of therapy.

Discussion

ABC are benign but locally aggressive lesions. Wide resec-
tion is not an option for the majority of patients because of
the resulting disability. So intralesional curettage with or
without bone grafting is still the predominantly used ther-
apy, but carries a risk of local recurrence of about 20% [3].
Over the years, less invasive procedures have been propa-
gated. Ethibloc, an alcoholic solution of a fibrogenic and
thrombogenic agent proved to be effective with repeated in-
jections but in some cases showed severe side effects [31].
In a randomized study with 94 patients, repeated injections
of polidocanol showed better results than curettage alone

(93% vs 85% healing) [32]. Repeated arterial embolizations
have also been reported with success rates of more than
80% [13]. Also, repeated injections of doxycycline, an anti-
biotic with some potential to inhibit matrix metalloprotein-
ases and angiogenesis was reported by Shiels et al. with a
healing rate of 94% in their series [33]. An overview com-
paring the results of different forms of therapy including
our own patients treated without Denosumab has recently
been published [34].

In GCT the interaction of RANK and RANKL is an im-
portant factor which regulates the giant cell formation and
progression of this tumor [35]. The pathophysiology of ABC
seems to be similar to this [29, 36]. Denosumab, which ef-
fectively blocks interaction between RANKL and RANK has
been approved for the treatment of osteoporosis, metastatic
bone disease, multiple myeloma and GCT [19, 37]. The use
of denosumab as an adjuvant treatment in patients with
GCT has shown a high rate of recalcification [38].

In ABC the first report of Denosumab treatment dates
back to 2012 [20]. Later 11 cases had been described in
9 studies. All patients showed regression of the lesion
and recalcification. This treatment effect rendered sur-
gery possible in two cases and the lesions were resected.
The reported follow-up was rather inhomogenous with
between 0 and 19 months after cessation of Denosumab.
Local recurrence was described in just one case [21].

Kurucu et al. described 9 patients, 3 of them with surgical
or non-surgical pretreatment [19]. Denosumab was given
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for 6-14 months with median 15 doses. All patients were
free of symptoms after 3 months. Radiological improvement
was evident in 8 cases. Follow-up time after the end of treat-
ment was 10-24 months (median 15 months). 2 patients
had further surgery, two other patients developed recurrence
(after 16 months) or progressive disease and had renewed
treatment with Denosumab or surgery. In total, the authors
reported recurrence or progression in 4 of the 9 patients. In
addition, they observed severe hypercalcemia in two patients
10 and 24 months after cessation of treatment.

Palmerini et al. reported 9 patients with Denosumab
treatment [18]. It is not clear from their publication how
many of the patients had any kind of prior therapy. Two
patients had surgery after Denosumab. All 9 patients
were classified as having sustained tumor control. At the
last follow-up 5 patients were still on Denosumab treat-
ment, 2 patients were disease-free after curettage and 2
patients are now 12 and 24 months without Denosumab
and free of disease. No patient developed severe side
effects.

Denosumab is effective in ABC as it is in GCT of
bone. Our own results are similar to those described in
both previously published case series. It is clear from
those series as as well as from our own cases, that
follow-up time after cessation of treatment is a major
factor because recurrence, with some exceptions, needs
time to develop. In this respect, the published cases may
report better results than might be observed with longer
follow-up. In general, all published cases demonstrated a
clear clinical and radiological benefit of Denosumab in
more than two thirds of the patients.

A major factor is the age of the patients. ABC is a le-
sion in young adults or children. The published series
include patients as young as 2 years [19]. There is a risk
of retardation in growth and disturbed dental developing
with Denosumab not very well described up to now. The
currently available knowledge is mainly based on indi-
vidual treatment results in children suffering from fi-
brous dysplasia or osteogenesis imperfecta [39-43].

Most serious and as described also in one of our own pa-
tients is a rapid loss of the newly acquired bone caused by
rebound formation and activation of osteoclasts once treat-
ment is stopped, resulting in severe hypercalcemia [44, 45].
Other known adverse effects during denosumab therapy are
hypocalcemia, necrosis of the jaw, fatigue, muscular pain or
atypical femoral fractures if longer used [38].

Conclusions

Denosumab provides an additional non-invasive method
of treating ABCs in surgically critical locations such as
the spine or the pelvis. As shown here, it may also re-
duce the rate of local recurrence with adjuvant applica-
tion after intralesional surgery in aggressive lesions. Care
providers need to be aware that the use of Denosumab
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in ABC is off-label and therefore requires a thorough
interdisciplinary discussion with the patient or his/her
family. The most common severe complication of Deno-
sumab, osteonecrosis of the jaw, has not been described
up to now in patients treated for ABC. But due to the
low age of many of the children, severe rebound hyper-
calcemia months after cessation of therapy remains a
considerable risk and implies that consequent laboratory
follow-up for at least 2 years be performed.
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9 Eigenanteil an den vorgelegten Arbeiten

Der Beitrag des Doktoranden, der in dem Fachartikel ,,Aneurysmal bone cyst: A review of 65 patients”
als Erstautor und in ,,Aneurysmal bone cyst: results of an off label treatment with Denosumab“ als Ko-
Autor auftritt, umfasst zum einen die Kontaktaufnahme mit den Patienten, sowie die eigenstindige
Erhebung und Auswertung der Patientendaten. Zum anderen war er in Zusammenarbeit mit Prof. Dr.
H.R. Diirr an der klinischen Interpretation der Daten, sowie an der Verfassung und Uberarbeitung beider

Veroffentlichungen malB3geblich beteiligt.
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