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Highlights

1) There is no current standard of denosumab therapy in aneurysmal bone cyst.

2 ) Denosumab appears to be effective in pain relief and neurological improvement.
3) Side effects such as hypercalcemia might be life threating.
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4 ) Recurrence rate after discontinuation needs further research.
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Abstract

Background

Aneurysmal bone cyst (ABC) is a benign, locally aggressive tumour that arises
predominantly in long bones and spine. Following the encouraging results of
Denosumab use in Giant Cell Tumors (GCT) and the histological similarities between
ABC and GCT, the interest on the role of Denosumab in the therapeutic arsenal of the
most advanced ABC is growing.

The purpose of this literature review is to investigate the current state of knowledge
about the use of denosumab in ABCs.

Methods

A literature research was conducted through PUBMED, COCHRANE and GOOGLE
SCHOLAR using the keywords “aneurysmal bone cyst” AND “denosumab”. Seventeen
articles were included.

Results

A total of 43 cases were reported in the literature. There were 23 males, 20 females. The
mean age was 15,9+8,1 year. Pain relief and neurological improvement were rapid and
sustained. Radiological assessment showed ossification and/or volume reduction in 36/39
patients. Eight patients (18,6%0) presented a recurrence after or during denosumab
therapy of whom 7 were adults. Adverse events occurred in 11 patients, 5 of them were
admitted to the intensive care unit due to hypercalcemia.

Conclusion

Denosumab use in non-surgical ABCs has shown a positive impact in pain and
neurological symptoms. The oncological outcome remains unclear with a recurrence
rate of 18,6% during/after denosumab therapy, mostly in adults. However, regarding

the potential clinical benefits, its use might be discussed in the most advanced cases.
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Further research and clinical trials are mandatory to precise its belonging in the

therapeutic arsenal.

Keywords: aneurysmal bone cyst, denosumab, recurrence, review,
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1 Introduction

Aneurysmal bone cyst (ABC) is a rare, benign, potentially locally aggressive bone lesion. Its
main characteristics are a rapid growth and a local bone destruction which can compromise
bone integrity and stability, hence secondary fractures. ABCs represent 1-2 % of total
primitive bone tumors [1,2]. People in their first two decades represent 80% of the cases. The
man/woman sex-ratio is 0,84 [2,3]. The most frequent localizations are the humerus, femur,
tibia, fibula and spine/pelvis [1-3]. The latter represents a serious challenge for the
management due to the proximity with nerves and vessels.

Histologically, ABC is characterized by blood-filled cavities separated by fibrous septa. There
are different cell types: fibroblasts, Osteoclasts-like Giant cells (similar to those found in giant
cell tumors), and a population of mitotically active spindle cells [1]. ABCs were thought to be
caused by a local disruption in blood flow and venous pressure, but a study reported the
presence of a balanced chromosomal translocation t(16;17) (g22;p13) in 75% of the cases
causing a perturbation in the ubiquitin carboxyl-terminal hydrolase 6 (USP6). This promotes
the production of TREL17, a protease increasing the activity of two matrix metalloproteinase,
MMP-9 and MMP-10 and inhibiting the osteoblasts maturation through an autocrine
mechanism with an increase in VEGF production, explaining the hyper vascularisation of
those tumors [4]. Primitive ABC must be differentiated from secondary ABC, which
represents 30% of cases, but arises from other bone tumor like Giant Cell Tumors (GCT),
cortical defects, osteoblastoma or enchondroma [5,6].

The treatment gold standard is surgery. “En bloc” resection offers a local control in 100 % of
the cases, but sometimes at a high functional cost [3,7,8]. Moreover, En bloc resection is often
non-feasible in pelvic and spine ABCs due to an unbearable morbidity. Therefore, less morbid
surgery has been developed such as curettage combined with adjuvant therapy (cryotherapy,

phenol...) that allows a local control rate of 80 to 90 % [9]. The main remaining problem is
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the management of the most advanced lesion and the one localized in areas such as cervical
spine or pelvis. Surgery is often too harmful and do not offer a sufficient control rate
regarding the potential complications and disabilities induced. Consequently, new therapies
were recently developed to allow clinical and functional improvement while maintaining a
satisfactory local control rate. Sclerotherapy offers a control rate of up to 85%, but with
serious adverse events such as thromboembolism when using Ethibloc®.[10,11]

Most recent studies have reported, as in GCT, the overexpression of the receptor activator of
nuclear factor kappa-B ligand (RANKL) in ABCs [12,13]. RANKL is a ligand playing a
central role in bone remodelling by binding to RANK and therefore stimulating
osteoclastogenesis and bone resorption. Due to the histological similarities and the
encouraging results of denosumab use in GCT [14], denosumab has recently shown increased
interest in the management of ABC.

The present review aimed to review the literature about ABC and denosumab use.

2 Methods
We followed the recommendations of the Preferred Reporting Items for Systematic Reviews

and Meta- analyses statement (PRISMA)[15]

2.1 Inclusion criteria

All articles presenting the outcomes of denosumab used in the treatment of ABC were
screened. To be included in the study, they must report demographic data (age, sex) of the
patient, location of the ABC, all management of the tumor, all relapses, the delay of

recurrence and the precise regimen of denosumab administration.

p. 6

Page 6 of 46



PubMed, Cochrane library databases and Google scholar search software were used to
identify all relevant publications. Articles including « denosumab » AND « aneurysmal bone
cyst » terms were initially selected. Papers references were also manually reviewed.

Figure 1 illustrates the search strategy.

Each article has been reviewed by two authors and disagreements were resolved through

discussion.

2.2 Data extraction

Demographic, clinical and tumour characteristics were extracted.

Outcomes of denosumab therapy were defined as pain improvement defined as diminished
pain measured using any valid method or as reported by the patient. If initially present,
improvement or not of neurological symptoms using any valid measure method or as reported
by the patient. If available, radiological results (such as ossification and volume reduction),
histological examination after denosumab were extracted. As well as recurrence and delay of
recurrence.

The data extracted about denosumab were: precise dosage, any pre denosumab management,
duration of denosumab, recurrence after or under denosumab, any adverse event due to
denosumab, duration of follow-up. Data are reported raw and further divided in two broad
categories, on the one hand patients aged under 15 years old (paediatric population), on the

other hand patients older than 15 years old (adult population).

2.3 Quality assessment:

The eligibility criteria for each article were assessed by two authors.
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2.4 Statistical analysis:
The means and standard deviations of demographic information and eligible outcomes were
calculated and reported.
Fisher’s exact Test has been used to compare recurrence rate between the paediatric and the

adult population, significance was set at p<0,05.

3 Results

Out of a total of 585 articles, 18 articles underwent full text analysis [12,16-32] because the
other papers were about other diseases or were reviews. All the analysed articles were case
reports or case series. Of those 18 articles, 17 were included in the review due to insufficient

data in the article published by Grahneis and al [20]

3.1 Demographic data

The study population consisted of 43 patients with an average age of 15,9 + 8,1 years, 23
males (53%) and 20 females (47%). Twenty-one patients were younger and twenty-two older
than 15 years old. The location of the aneurysmal bone cysts were: Skull base, mandible,
thoracic spine, distal fibula, talus, costo vertebral junction, ulna: 1, radius, humerus, tibia: 2,
spine w/o precision: 3, Lumbar spine: 4, cervical spine: 6, pelvis: 7, sacrum: 8.

Table 1 and Table 2 report the demographic data, clinical presentation of the different cases

included in the study.

3.2 Characteristics of denosumab therapy
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Twenty patients received denosumab as first line treatment. Three patients received
denosumab combined with another therapy such as chemotherapy [17], selective embolization
[24], selective embolization and surgery [18] as first line of treatment.

Eighteen patients underwent denosumab therapy after one or more recurrence: 9 after one, 8
after two and 1 patient after three.

The two remaining patients received denosumab due to a non-response to the first treatment: a
16 years old male with a cervical spine ABC received denosumab 2 months after a failed
treatment with corticosteroids and calcitonin injection [26], an 18 years old male with a sacral
ABC underwent denosumab therapy 3 months after a non-response to polidocanol injection
and selective embolization [19].

The status of denosumab therapy at the time of publication varied across, but also within the
different studies: 14 patients were still under denosumab at the time of publication, 6 at long
course due to recurrence, 8 because the report was published before the end of treatment
while 29 patients completed their denosumab therapy with a mean duration of 13,3+8,1

month.

3.3 Clinical Outcomes (tables 1 and 2)

33.1

Pain: 42/43 patients were initially reported as painful, data about pain improvement was
available for 38 patients, all of them presented pain improvement under denosumab therapy.
The time to pain improvement was available for 21 patients, its mean time was 1,8+ 1,3
months.

3.3.2

Neurological symptoms: 11/43 patients presented neurological complications at presentation,

all of them presented clinical improvement under denosumab. [12,18,22,24,25,28,29]

p.9

Page 9 of 46



3.4 Radiological Outcomes (tables 1 and 2)

Thirty-nine cases reported radiological outcomes: 36 associated with volume decrease and/or
ossification of the lesion, 2 remained stable. One patient presented an increased volume of the
tumour during denosumab therapy and was further treated with surgery due to a non-response

to denosumab.

3.5 Recurrence (tables 3,4 and 5)

Overall, eight recurrences were reported in our literature review. Six of them occurred after
denosumab discontinuation [19,23,24,27,29]: 4 females and 2 males with a mean age of 19,2
+ 8,9 years old. Three of the recurrences (50%) occurred at the pelvis, the 3 others occurred at
the distal radius, the 71" costo vertebral junction, the cervical spine. The patients had received
denosumab for a mean duration of 13,2+6,1 months following different regimen (table 5).
Recurrence occurred at a mean time of 11+6 months after discontinuation. Thereafter, 5/6
patients were managed with a restart and a longer course denosumab, 1/6 with sclerotherapy.
The two other patients have presented a recurrence during denosumab therapy. Raux and al
[29] reported a 17 years old male with a lumbar spine ABC initially treated with sclerotherapy
and surgery who presented a recurrence at 6 months post-surgery. He was further treated with
denosumab 70 mg/m2 weekly one month, then monthly but presented a recurrence at 23
months that contributed to the maintain of denosumab at long course. The case of a 30 years
old woman with a pelvis ABC reported by Durr and al [19] is a unique medical history due to
pregnancy. She underwent two surgical procedures that led to a recurrence 42 months after
the second procedure, managed with denosumab therapy 120 mg sc weekly during 1 month
then monthly. She presented a recurrence after 8 months of denosumab that was managed by

surgery. After this third surgery, she became pregnant for the first time, denosumab was
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discontinued. She presented another recurrence 18 months later, managed with a new round
of denosumab for 18 months that was then discontinued due to a second pregnancy. Another
recurrence occurred 36 months after this discontinuation leading to a long course denosumab.
The paediatric population presented one recurrence while the adult population presented
seven recurrences which is statistically significant using the Fisher’s exact test with a p value

of 0,046.

3.6 Histology
Histological examination after denosumab therapy was available for 8 patients. All of them
presented the same histological result: new bone formation, hypo cellular fibrous stroma

containing scatted mononuclear cells, no giant cell. [16,23,25,27,29-31]

3.7 Adverse events (tables 3 and 4)

Eleven patients (25%) presented one or many adverse events related to denosumab. Tables 3
and 4 gather the adverse events reported across the studies.

During denosumab therapy, four patients of the paediatric population with a mean age of
9,8+2,4 years old presented asymptomatic hypocalcaemia (2 measures available: 2,03 and 1,9
mmol/l). Two hypocalcaemias occurred even with an initial calcium and vitamin D
supplementation and were treated by increased supplementation [12,29]. The two remaining
patients did not receive initial supplementation, Harcus and al introduced the supplementation
after the discovery of the hypocalcaemia [21], Upfill-Brown[32] did not introduce any
treatment and the hypocalcaemia self-resolved 2 months later. Those hypocalcaemia occurred
in the first two months of treatment. The other adverse events reported were the following:

one child presented an ossification of his lower limb growth plate[21], two adults reported
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fatigue [23], one adult reported muscle pain [23], one child and one adult reported vomiting
or gastro-intestinal disorders.[23,25]

After discontinuation, six patients of the paediatric population with a mean age of 9£3,2 years
old presented hypercalcemia, diagnosed at a mean time of 5,3£0,52 months after cessation of
denosumab of whom 5 (83%) needed an admission in an intensive care unit (ICU).

[19,21,23,29,32]

4 Discussion

Denosumab is a fully human monoclonal antibody binding RANKL and inhibiting its effect.
It results in the inhibition of the proliferation of the osteoclasts and interestingly in the case of
ABCs, the proliferation of giant cells [33,34]. Denosumab has a powerfull inhibitory effect on
bone turnover.

Denosumab was approved by the FDA in 2013 and by the EMA in 2014 for the treatment of
GCT in “adults and skeletally mature adolescents with giant cell tumor of bone unresectable
or when surgical resection is likely to result in severe morbidity”, following encouraging
results in a phase 2 trial. [35]. Denosumab is only validated in children skeletally matured due
to concerns about linear growth, teeth eruption and growth plate ossification [36].

ABCs mostly occur in young adults and children, and the use of denosumab is theoretically
contraindicated.

However, its use has been described in osteogenesis imperfecta, juvenile Paget’s Disease,
fibrous dysplasia with reassuring tolerance in children and encouraging results regarding

clinical improvement [37,38].

p. 12

Page 12 of 46



The 43 patients with ABC reported so far presented demographic and clinical features
consistent with the literature [2,3]. However, there was a slightly different location of tumors.
Mankin and al [3] reported 37/150 tibial ABC, 26/150 femoral ABC while our most
represented locations were spine: 14/43 and the pelvis/sacrum with 15/43 cases. This
difference is probably due to the more aggressive disease at spine and pelvic/sacrum sites,
more susceptible to lead to an unacceptable surgery at once, and therefore be eligible to
denosumab.

To the best of our knowledge, there is currently no published clinical trial about the use of
denosumab in ABC. Our literature search found only case reports and cases series with
different denosumab regimen. Some authors decided to use the GCT denosumab protocol
[14,35] while others proposed protocols based on previous studies evaluating for example the
use of denosumab in children presenting fibrous dysplasia [39].

This makes any comparison difficult, but most of all, it highlights the need of well conducted
clinical trials to investigate the optimal dosage of denosumab in ABC.

About the analysed outcomes, it is noteworthy that no matter the denosumab regimen, every
patient with available data presented rapid and sustained pain relief and neurological
improvement under denosumab. This is of particular importance in those mostly young
patients to preserve their function and quality of life.

When available, radiological follow up reported a positive response in 26/29 patients treated
by denosumab. This radiological improvement can be compared to the one in GCT where
denosumab induces new bone formation in the lesion [40-42].

The bone filling is particularly important in pelvic and spine regions as it can improve the
local stability and reduce the risk of fractures related to the local aggressiveness of the ABCs.
It can also facilitate a secondary surgical management even if curettage following denosumab

therapy is still under discussion in GCT [33,40]. One must notice that only 6 cases underwent
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surgery after denosumab. Three of them presented a recurrence after surgery. This result
should be interpreted with caution, but it is noteworthy that the intra-lesional bony formation
under denosumab seems to be a problem for surgery as in GCT. It has been hypothesized that
some tumor cells could be trapped in the new bone formation, not in reach of the surgeon,
causing an incomplete procedure [40,43]. This supposition needs further research in ABCs.
Histological examination after denosumab therapy was consistent with what is known about
GCT modification under denosumab therapy: disappearance of Giant cell, new woven bone
formation and lamellar cortical bone at the surroundings of the lesion [33]. The cysts were
also filled with a collagen rich, ossified connective tissue. The typical aspect of ABC was lost.
This supports the ABCs response to denosumab therapy and its effectiveness in controlling, at
least in part, the disease. It is important to note the presence of a hypo cellular stroma but we
did not find a more precise description in the reports, despite the fact that it is of importance
because the residual presence of spindle cells could reflect that denosumab brought the
suspension of the disease but not its cure as it was previously reported those stromal cells are
the one producing the RANKL.

Overall, recurrence occurred in 8 cases (18%) during or after denosumab therapy. The 6
recurrences after discontinuation occurred in the first 2 years post denosumab. None of those
patients had received another treatment before the recurrence. The fact that most recurrences
occurred in the first two years after discontinuation is in line with what was also found with
other treatments (sclerotherapy, surgery) used in ABCs [3]. This is also similar to the delay of
recurrence seen in GCT after denosumab therapy [33]. Firstly, this might be explained by the
rapidly reversed effect of the denosumab after discontinuation [44] and secondly it must be
kept in mind that denosumab suspends the progression of the disease through the inhibition of

the RANK/RANKL pathway but do not destroy the stromal cells. Finally, the question can be

p.14

Page 14 of 46



asked about the role in tumour recurrence of the sometimes very significant increase in bone
remodelling after denosumab cessation.

This 2-year cut-off has a huge impact on the validity of the cases reported in the present study
because of the 37 remaining cases, only 8 reported a duration of follow up of more than 2
years after denosumab discontinuation. Thus, 29 cases were either still treated or reported a
follow-up < 2 year. This might underestimate the recurrence rate of ABCs after denosumab
discontinuation and needs further investigations.

An important aspect of the results is the statistically significant difference of recurrence rate
between the adult and paediatric population. One point of particular interest is the regimen of
denosumab found in the recurrences after denosumab discontinuation: 4/6 of the patients
underwent a denosumab therapy with lowered adapted dosage but most of all, % of those
recurrences were adults which could signify that this decreased dosage has a deleterious effect
and could strongly diminish the efficacy of denosumab. Moreover, the dosage adaptation is
currently not recommended by the FDA nor the EMA. This increased risk of recurrence in
patients treated with low dosage denosumab needs further confirmation.

It is however also important to remember that denosumab is used in the most severe cases of
ABCs and that 82% of stable and controlled disease is still an acceptable result in those
difficult cases.

Studies about the use of denosumab in osteoporosis and GCT reported an increased risk of
osteonecrosis of the jaw (ONJ) (1,1 — 2,0%), arthralgia, anaemia, or gastrointestinal disorders
[14,45-47]. In our literature review, 6 patients reported low grade and transient adverse
events: fatigue, muscle pain and gastrointestinal disorders. Those mild adverse events appear
to affect mostly adults. No ONJ was reported.

About the calcium levels perturbation, our review highlights that all the cases are reported in

the paediatric population.
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Four patients with a mean age of 9,8+2,4 years presented asymptomatic hypocalcaemia
ranging from 1,9 to 2,03 mmol/l during the early stage of denosumab therapy, none of the
patients required a denosumab dosage adaptation nor discontinuation. A routine dosage of
calcium, phosphate, creatinine and vitamin D levels at the initial stage of treatment seems
necessary to assess this complication and adapt the supplementation dosage.

When regarding serious adverse events reported in our review, 6 cases of symptomatic
hypercalcemia were diagnosed 5 to 6 months after denosumab was stopped in patients aged of
9+3,2 years. Among these 6 cases, 5 patients were admitted in ICU. Hypercalcemia after
denosumab discontinuation is a potential life-threatening side effect which should be
systematically investigated and managed with attention, firstly because of the increased use of
denosumab in children [45,48], and secondly because this post treatment hypercalcemia has
already been described in children after stopping denosumab in GCT or fibrous dysplasia
[45,49]. It is supposed to be caused by a rebound of the bone remodelling, particularly
osteoclasts activity hence a huge increase in bone resorption and calcium release [50]. Levels
of bone resorption markers C-Telopeptide rebound to 60% above the pre denosumab level in
post-menopausal women [44] while it was increased to 250% from pre denosumab levels in a
child suffering of fibrous dysplasia [49]. This difference in the level of bone resorption after
denosumab cessation explains why hypercalcemia mostly affects children. Harcus and al [21]
proposed a close monitoring of calcium levels every 2 months after denosumab
discontinuation that could be most widely used by clinicians. This is probably not enough and
bone-remodelling markers, such as serum crosslaps, could be used to monitor the cessation of
denosumab. Maybe the use of bisphosphonates to reduce the risk of remodelling rebound, as
it is advised in osteoporosis could be useful. Another concern could be the consequences of
this huge increase of bone resorption, as post denosumab withdrawal vertebral fractures have
been reported in post-menopausal women [51,52].
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There are concerns about denosumab inducing skeletal perturbation in skeletally immature
patients such as linear and teeth growth disturbance, growth plate ossification [36]. In our
review, we only found one case of growth plate ossification without reported clinical
consequences, Wang and al published a histopathologic study highlighting that denosumab
did not adversely affect growth plates [38]. No case of dental growth disturbance was
reported. However, one must note that the mean duration of follow up was <2 years and

indeed long-term consequences of denosumab use in those patients are still widely unknown.

5 Conclusion

Our literature review supports the use of denosumab for lesions that are unresectable or with
multiple recurrences and no alternative. In the short term, denosumab appeared to be highly
effective in pain relief and neurological improvement, fulfilling the goal of the therapy: allow
a return to a pain free life for those young and active patients. There was a significant
radiological response in most of the reported cases and the new ossification allowed a less
morbid surgery in some patients. However, the success must be appreciated with caution
because even if it appeared to be well tolerated, on the one hand five patients (11%)
developed a symptomatic hypercalcemia with admission in ICU and on the other hand, the
recurrence rate after or under denosumab is 18% but with a mean reported follow-up duration
after cessation < 2 years, which could underestimate the real recurrence rate. Most of the
recurrences occurred in a population of adults treated with low dosage denosumab, bearing in
mind that dosage adaptation is not recommended by the FDA and EMA.

Still, this 18 % of local recurrence rate is similar to the other reported method of treatment in
non-operable disease. If denosumab in ABC seems very promising, many questions remain

unresolved, particularly risk factors of recurrence and potentially life-threatening side effects
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such as hypercalcemia. There is a need for a careful collaborative evaluation in clinical trials
before routinely using it in hospital facilities. The results of an ongoing Phase 2 clinical trial

could answer many pending questions [53].

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

The authors declare that they have no competing interest.
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Figure 1: Flow Chart

PubMed : 25 articles Cochrane : 0 article

Google Scholar : 585
articles

585 title/abstract
screening

18 articles underwent
full text analysis

17 published articles
included in the study

567 excluded ; other
pathology or reviews

1article presented
insufficient data
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Histological
examination
after
denosumab

Reported Reported

Author Gender Location ; Denosumab regimen clinical Radiological
Number presentation
outcomes outcomes

Patient Clinical

Denosumab sc 120

. Ossification
1 Fontenot 13 F E_)IStaI Pain i ey 1125 Pain relief at 12 +
fibula one month then
months

monthly

Denosumab sc 120
3 Durr 15 F Radius Pain 3 Gy el ; - -
one month then

monthly
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Journal Pre-proof

Pain
Lombar Denosumab sc 70 improvement 37 %
5 Kurucu 10 F T Pain mg/m2 weekly 1 after 1 month, volume -
month then monthly pain relief at 3 increase
months

Denosumab sc 70
7 Raux 14 F Sacrum Pain mg/m2 weekly 1 Pain relief Ossification -
month then monthly

9 Subramanvam 13 F Sacrum Pain Denosumab sc 60  Pain relief after Ossification N
¥ mg monthly 2 months at 6 months
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Pain

. Denosumab sc 1,2 improvement 30 %
PRIl i mg/kg/dose weekl at 2 weeks, no volume
11 Pelle 5 M Sacrum neurological &/%6 v N -
TS 1 month then 1,6 neurological  decrease at
ymp mg/kg/dose monthly symptomes at6 7 months
months

Pain
Denosumab sc 70 improvement 45 %
13 Kurucu 12 M Pelvis Pain mg/m2 weekly 1 after 1 month, volume -
month then monthly pain reliefat3  decrease.
months

Pain
Denosumab sc 70 improvement
. Stable
15 Kurucu 8 M Humerus Pain mg/m2 weekly 1 after 1 month, -
. . volume
month then monthly pain relief at 3
months
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Journal Pre-proof

. Pain and e
Cervical . Denosumab sc 70 . . Ossification
17 Lange 8 M . neurological Pain relief -
spine mg/m2 monthly at 4 months
symptoms

Lombar Pain and Denosumab sc 70 nePL?rlglgniial
19 Raux 8 M . neurological mg/m2 weekly 1 & Ossification -
spine symptomes
symptoms  month then monthly .
improvement
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21 Harcus 13 M Tibia

Table 1: Clinical presentation and clinical outcomes by age <15 years

Denosumab sc 70
mg/m2 weekly 1
month then monthly
for 6 months. After 6
months : 1 dose
every 2 months. At
12 months : 1 dose
every 3 months. At
27 months : 2 doses
at 6 months interval
then
discontinuation.

Pain

Pain relief at 6
months

Volume
reduction
and
ossification
at 6 months
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Histological
examination
after
denosumab

Patient Clinical Denosumab AT AT

Gender Location clinical Radiological

Number presentation regimen
outcomes outcomes

Pain relief Volume
Cervical Pain and Denosumab and reduction
22 Dubory 26 F i neurological sc120mg  neurological and -
symptoms monthly improvement ossification
at 4 months at 3 months

Denosumab
23 Pauli 21 F Radius Pain sc120mg  Pain relief
monthly

Ossification
at 1 month

Denosumab
sc 120 mg
24 Durr 30 F Pelvis Pain day A5 - - -
29 one
month then

monthly

Denosumab
sc 120 mg
25 Durr 16 F Tels Pain day 1-8-15- .
29 one
month then

monthly
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Journal Pre-proof

Denosumab
sc 120 mg

26 Durr 16 F Femur Pain day 1-8-15- ) _
29 one

month then

monthly

Denosumab Pain

7th costo sc 70 improvement 81,7%
28 Kurucu 16 F vertebral  Pain =iz after 1 . volume -
junction weekly 1 mqnth, Pain eduction
month then relief at 3
monthly months
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Journal Pre-proof

Denosumab
sc 120 mg
day 1-8-15-
29 one
month then
monthly

30 Palmerini 17 F Tibia Pain Pain relief Ossification +

Denosumab Volume
sc 120 mg reduction at
32 Asi 32 M | s CCLIEIELERRRERES o g SIIEIEE,
epistaxis 29 one ossification
month then at 18
monthly months
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Journal Pre-proof

Denosumab

sc 120 mg

day 1-8-15- Pain relief at Ossification
29 one 2 months at 4 months
month then

monthly

34 Skubitz 27 M Sacrum Pain

Denosumab Pain

sc 70 improvement 47 3%

36 Kurucu 16 M Mandible  Pain =l after 1 . volume -
weekly 1 month, pain .
month then relief at 3 reduction
monthly months
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Journal Pre-proof

38 Palmerini 19 Humerus Pain

Denosumab
sc 120 mg
day 1-8-15-
29 one
month then
monthly

Pain relief Ossification +

Pain and
neurological
symptoms

40 Palmerini 25 Spine

Denosumab
sc 120 mg
day 1-8-15-
29 one
month then
monthly

Pain relief Ossification -
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Journal Pre-proof

Denosumab
sc 120 mg
42 Palmerini 16 M Lo.mbar Pain day 1-8-15-
spine 29 one

month then

Pain relief Ossification -

monthly

Table 2: Clinical presentation and clinical outcomes by age >15 years
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Duration of Receiving

Patient Author Age Gender Location denosumab Recurrence denosumab FOIIOW-UP Adverse event
Number therapy at period (months)
(months) publication
1 Fontenot 13 F Distal fibula 12 No No 36 -
2 Kulkorni 14 F Thoracic spine 6 No No 24 -
3 Durr 15 F Radius 6 No No 36 -
Severe hypercalcemia at
4 Kurucu 5 F Cervical spine 12 No No 12 discontinuation
5 Kurucu 10 F Lombar spine 6 Non responsive to denosumab
6 Palmerini 14 F Sacrum Not reported No Yes Not reported Grade 1 vomiting
7 Raux 14 F Sacrum 4 No No 24 -
8 Raux 7 F Femur 4 No No 28 -
9 Subramanyam 13 F Sacrum 12 No No 12 -
Mild hypocalcemia
during denosumab,
severe hypercalcemia at
10 Upfill-Brown 10 F Pelvis 12 No No 13 discontinuation
11 Pelle 5 M Sacrum 12 No No 12 -
Severe hypercalcemia at
12 Durr 6 M Sacrum 12 No No 12 discontinuation
Severe hypercalcemia at
13 Kurucu 12 M Pelvis 14 No No 10 discontinuation
14 Kurucu 6 M Pelvis 9 No No 20 -
15 Kurucu 8 M Humerus 12 No No 12 -
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17 Lange 8 M Cervical spine 4 No Yes 4 -

Mild hypocalcemia
during denosumab
19 Raux 8 M Lombar spine 17 No No 6 therapy

Mild hypocalcemia
during denosumab
therapy, growth plate
ossification, Severe
hypercalcemia at
21 Harcus 13 M Tibia 34 No No 16 discontinuation
Table 3: Recurrence and adverse events by age <15 years
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Duration of Receiving

Patient Reference . denosumab denosumab Follow-up Adverse
Gender Location Recurrence .
Number Numer therapy at period event
(months) publication
22 Dubory 26 ; Cervical 16 No No 19,5 -
spine

. Yes 1 during
Multiple denosumab, 2 Yes at lon Not
24 Durr 30 F Pelvis denosumab ! &
. after course reported
therapies

discontinuation

26 Durr 16 F Femur 24 No No 24 -

7th costo Yes 16 months Ves at lon

28 Kurucu 16 F vertebral 12 after 8 21 -
. . . ) . course
junction discontinuation

© I
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30 Palmerini 17 F Tibia 9 No No 17 -

Journal Pre-proof

32 Asi 32 M Skull base 18 No Yes 18 -

34 Skubitz 27 M Sacrum 12 No No 12 -

Fatigue,
mild gastro
intestinal
disorder

36 Kurucu 16 M Mandible 11 No No 20

38 Palmerini 19 M Humerus 5 No No 11 -

40 Palmerini 25 M Spine Not No Yes Not Gra(':le.: !
reported reported vomiting

42 Palmerini 16 M LR 7 36 No No 24 ;
spine

o
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Table 4: Recurrence and adverse events by age >15 years
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Patient Number 1 p) 3 4 5 6 7

Age (year) 21 18 16 17 35 8 30

Localisation Distal radius Sacrum 7th costo Pelvis Pelvis Cervical spine Pelvis Lom|
vertebral
junction

Denosumab Sc 120 mg Sc 120 mg weekly  Sc 70 mg/m2 Sc 70 mg/m?2 Sc 60 mg Sc 70 mg/m2 Sc 120 mg Sc 70 mg
Regimen monthly 1 month then weekly 1 month weekly 1 month monthly weekly 1 month weekly 1 month 1 mo
monthly 12 then monthly then monthly then monthly then monthly m

months. Dose
decreased 12
more months

Duration of 5 months 24 months 12 months 14 months 12 months 12 months 8 months 23 |
Denosumab
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Date of recurrence 19 months after 12 months after 16 months after 3 months after 6 months after 10 months after At 8 months
the second discontinuation  discontinuation discontinuation discontinuation discontinuation
surgery

Table 5: Demographic, clinical characteristics and medical history of the 8 recurrences reported in the studies.
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Patient Number 1 p) 3 4 5 6 7

Age (year) 21 18 16 17 35 8 30

Localisation Distal radius Sacrum 7th costo Pelvis Pelvis Cervical spine Pelvis Lomt
vertebral
junction

Denosumab Sc 120 mg Sc 120 mg weekly  Sc 70 mg/m2 Sc 70 mg/m?2 Sc 60 mg Sc 70 mg/m2 Sc 120 mg Sc 70 mg
Regimen monthly 1 month then weekly 1 month weekly 1 month monthly weekly 1 month weekly 1 month 1 ma
monthly 12 then monthly then monthly then monthly then monthly m

months. Dose
decreased 12
more months

Duration of 5 months 24 months 12 months 14 months 12 months 12 months 8 months 23 |
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Denosumab

Date of recurrence 19 months after 12 months after 16 months after 3 months after 6 months after 10 months after At 8 months
the second discontinuation  discontinuation discontinuation discontinuation discontinuation
surgery

Table 5: Demographic, clinical characteristics and medical history of the 8 recurrences reported in the studies.
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