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1. INTRODUGAO

O tumor de células gigantes 6sseo (TCGO) constitui rara neoplasia benigna
primaria, localmente agressiva, que corresponde a cerca de 5% de todos os tumores
0sseos.?

Histologicamente, o TCGO ¢é composto por células histiociticas
mononucleares precursoras de osteoclastos (semelhantes a macréfagos), células
gigantes multinucleadas reativas do tipo osteoclasto que expressam o receptor
activator of nuclear factor kappa-B (RANK), e por células neoplasicas mononucleares
estromais que expressam o RANK Jigand (RANKL)."®* O TCGO acomete
preferencialmente a faixa etaria entre 20-40 anos, mas pode ocorrer em qualquer
idade, com discreta predilegcao pelo sexo feminino. As localizagbes mais frequentes
sdo os segmentos epifisiometafisarios dos ossos longos ao redor do joelho (segmento
distal do fémur e proximal da tibia), seguidos pelo segmento distal do radio."*®°
Raramente se localiza no esqueleto axial, e quando isto ocorre, afeta
predominantemente o sacro e os ossos pélvicos.® Disseminagédo metastatica é rara,
ocorrendo em torno de 1% dos casos."®”® O TCGO também pode, raramente,
apresentar transformagao maligna.'48

As manifestagbes clinicas do TCGO incluem dor, edema, derrame e
limitagdo da amplitude articular,’ muitas vezes suficiente para levantar suspeita de
tumor 6sseo. O exame radiografico do segmento afetado estabelece a base da
avaliacdo por imagem e € o método de escolha na avaliagdo inicial dos tumores
0sseos primarios de acordo com os critérios de adequagao do American College of
Radiology (ACR).%'® Ao exame radiografico, o TCGO inicialmente se apresenta como

lesao epifisiometafisaria, litica, excéntrica, limites precisos, sem esclerose reacional,



entretanto, quando o diagndstico € negligenciado, a progressao pode ocorrer
rapidamente, com ruptura cortical e invasdo dos tecidos moles, tornando a leséo
extracompartimental. Campanacci et al. (1987) classificaram o TCGO em trés graus,
dependendo de sua aparéncia radiografica: lesdo de grau 1 (latente), que possui
margens bem definidas e cortical intacta; lesdo de grau 2 (ativa), que possui margens
relativamente bem definidas, porém sem borda esclerética — a cortical encontra-se
afilada e moderadamente expandida; e, lesdo de grau 3 (agressiva) que apresenta
bordas indistintas e destruicdo cortical.>® Considerando as caracteristicas de
agressividade local e o potencial metastatico dessa neoplasia, exames de imagem
adicionais (ressonancia magnética, tomografia computadorizada e cintilografia 6ssea)
sao necessarios para avaliar a extensao local e detectar eventual disseminagao a
distancia, seguidos pela bidpsia da les&do.%°

O TCGO, sempre que possivel, deve ser tratado mediante intervencao
cirurgica. O controle local da doenga € fundamental para reduzir a possibilidade de
recorréncia e/ou disseminagdo metastatica (pulmdes). Alguns autores tém
demonstrado que a resseccdo ampla diminui as taxas de recidiva. Entretanto, essa
modalidade de tratamento pode se associar a maior morbidade e déficit funcional.
Uma vez que a maioria dos pacientes acometidos € composta por adultos jovens e as
lesbes apresentam localizagdo justarticular, o tratamento preferencial deve
contemplar a remocédo completa do tumor, preservando a fungcdo do segmento
afetado. Assim, o tratamento mediante curetagem intralesional (que preserva a
articulagédo), associado ou nao a adjuvancia local (eletrofulguragéo; laser de argdnio;
instilacdo de alcool absoluto, fenol, peroxido de hidrogénio, dentre outros) seguida
pelo preenchimento com polimetilmetacrilato, enxerto (autdlogo, homologo ou
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heterdlogo) ou substituto ésseo € o mais realizado."*>""-13 Eventualmente a



amputacao € necessaria, sobretudo nos casos em que ha comprometimento local
avancgado ou em determinadas localizagbes anatémicas.?

O tratamento sistémico do TCGO surgiu como alternativa nos casos em
que a abordagem cirurgica da lesdo se associa a grande morbidade local, nos caos
considerados “inoperaveis” e no tratamento de eventuais metastases pulmonares.?
Nos ultimos 20 anos, a compreensado sobre o papel da interacdo RANK/RANKL,
principal responsavel pela formagao, migracdo e ativacdo das células gigantes
multinucleadas, gerando extensa reabsor¢cdo Ossea, despertou o interesse no
emprego de bifosfonatos e do denosumab no tratamento desta doenga.!31%13 Com
base nas novas descobertas a propdsito da biologia funcional e genética do TCGO,
novos alvos para terapia sistémica podem ser explorados, visando especificamente
as células neoplasicas estromais, buscando transformar a terapia sistémica em um
tratamento definitivo para o TCGO. Estudos recentes tém pesquisado a mutacao de
histona (H3F3A) nas células neoplasicas do TCGO, e testado (in vitro) drogas
epigenéticas, com o objetivo de identificar reguladores nas células neoplasicas.
Resultados promissores foram encontrados com drogas que atuam nas classes de
inibidores de tirosina quinase, aurora quinase, janus quinase e enzimas histonas
desacetilases (HDAC). A associagdo de denosumab com terapia epigenética parece
promissora, por atuar nas duas linhagens celulares principais do TCGO,
principalmente nos casos localmente avangados e metastaticos.

Os bifosfonatos previnem a reabsorcdo 6ssea mediada por osteoclastos.
Presume-se que sua ligagdo ao mineral 6sseo iniba a formagcdo e a atividade
osteolitica das células gigantes multinucleadas, em locais de reabsor¢ao 0ssea, além
de promover apoptose destas células. Em alguns trabalhos, a estabilizagédo local da

doenca e o controle das metastases foi alcangado com o uso do acido zoledrdnico,



embora espécimes histolégicos tenham demonstrado presenca de células gigantes
apos o tratamento. Estudos recentes demostram que os bifosfonatos podem ter um
efeito antitumoral mais direto, atuando nas células neoplasicas mononucleares
estromais. Estas descobertas sugerem que os bifosfonatos devam ser mais estudados
no tratamento do TCGO.3

O denosumab é um anticorpo monoclonal humano com forte afinidade pelo
RANKL. Sua administragdo impede a ligagdo da molécula RANKL ao receptor RANK
inibindo, assim, a reabsorgdo 6ssea. Essa droga tem sido utilizada no tratamento da
osteoporose, metastases dsseas e, mais recentemente, tornou-se parte do arsenal
terapéutico da TCGO, indicado principalmente no tratamento de lesdes irressecaveis,
ou quando o tratamento cirurgico prevé ressec¢gao em bloco ou amputagéo, pois
permite controle local e, eventualmente, procedimento cirurgico mais conservador, ou
transforma lesdes “irressecaveis” em passiveis de cirurgia.*'41® Redugdo ou
estabilidade do tamanho do TCGO, borda calcificada ao redor do tumor e ossificagao
intralesional sdo observados, na maioria dos pacientes, durante o tratamento com
denosumab. As complicagdes e efeitos adversos relatados durante o tratamento com
denosumab incluem dor éssea, fadiga, dor de cabega, nausea (18-25%), hipocalcemia
(3,2%), hipofosfatemia (2,7%) e osteonecrose da mandibula (1-2%).1-314.16

O esquema terapéutico que utiliza o denosumab — droga de alto custo- para
o tratamento do TCGO ainda ndo € consenso na literatura. A dose utilizada é
geralmente de 120 mg, via subcuténeo, a cada quatro semanas, porém o numero total
de doses no tratamento neoadjuvante e a utilizagdo de doses de ataque ainda néo
estdo padronizados, a duragao do tratamento varia entre os estudos, bem como entre
individuos, de um mesmo estudo (quatro a 55 meses)."® O tratamento vitalicio pode

ser indicado em casos de metastases pulmonares e tumores irressecaveis, embora



nao esteja claro a dose minima efetiva, ou o intervalo de tempo que o denosumab

pode ser administrado com segurancga.3'



2. OBJETIVOS

O objetivo deste estudo € avaliar a eficacia de diferentes esquemas
terapéuticos com denosumab em portadores de TCGO, em relagao aos desfechos
clinicos [beneficio clinico (BC), redu¢do da dor (RD), melhora funcional (MF) e
mobilidade (MM)], resposta de imagem (RI), recidiva local (RL) e efeitos adversos

(EA), além de desfechos secundarios relacionados a idade e ao sexo.



3. METODOLOGIA

3.1. Registro da revisao sistematica

Esta revisdo sistematica foi elaborada de acordo com os Preferred
Reporting Items for Systematic Reviews and Meta-analyses Protocols (PRISMA-P)'7-18
e foi cadastrada no International Prospective Register of Systematic Reviews

(PROSPERO) sob o registro CRD42020190503.

3.2. Etica
A aprovacgao ética nao foi necessaria para esta revisao sistematica, e a
metanalise ndo contém nenhuma informacgao privada sobre os participantes ou viola

seus direitos humanos (Anexo 5).

3.3. Critérios para os estudos incluidos na revisao

3.3.1 Tipos de estudo

Foram incluidos estudos clinicos controlados ou n&do, randomizados, néao
randomizados, e séries de casos com pelo menos cinco pacientes com TCGO,
tratados com denosumab. Estudos escritos em idiomas que nao inglés, portugués e

espanhol foram excluidos.

3.3.2. Tipos de pacientes

Foram incluidos pacientes esqueleticamente maduros com TCGO

confirmado por estudo anatomopatologico, sem restricdo de sexo ou etnia.



3.3.3. Tipos de medidas de desfecho

Esquema de denosumab adotado, incluindo dose, via de administragéo,
dose de ataque e duragéo do tratamento em numero de doses (>6 doses, <6 doses e
nao relatado). Resposta ao tratamento com denosumab, baseada no esquema
terapéutico adotado, quanto aos desfechos clinicos (beneficio clinico, redugéo da dor,
melhora funcional e mobilidade), resposta de imagem, recidiva local e efeitos

adversos, além de desfechos secundarios relacionados a idade (em anos) e sexo.

3.4. Estratégia de busca

Foi realizada busca sistematica da literatura nas bases de dados
PubMed/MEDLINE, Embase (utilizando Periédicos CAPES), Science Direct/Elsevier,
Scielo e Biblioteca Cochrane, bem como em registros de ensaios clinicos
(ClinicalTrials.gov e Registro Brasileiro de Ensaios Clinicos - ReBEC), sem restrigdes
temporais. Para exploracdo da literatura cinzenta, foram consultadas as bases de
dados de Teses e Dissertagdes em Acesso Aberto e a Biblioteca Digital Brasileira de
Teses e Dissertagdes. Também realizamos pesquisa por referéncias em cadeia ("bola
de neve") para identificar estudos adicionais, buscando as listas de referéncias de
publicacdes elegiveis para revisdo de texto completo, para recuperar estudos nao
identificados previamente.

No levantamento bibliografico, adotou-se o vocabulario controlado Medical
Subject Headlings (MeSH), o Embase Subject Headings (Emtree) e o Descritores em
Ciéncias da Saude (DeCS), sendo os unitermos agrupados e/ou cruzados com 0s

operadores booleanos "OR" e "AND", como mostra a Tabela 1.



Tabela 1. Estratégia de busca.

Databases

Strategy

MEDLINE via PubMed

#1 - "Giant Cell Tumor of Bone"[Mesh] OR osteoclastoma
#2 - "Denosumab"[Mesh] OR (Xgeva) OR (AMG 162) OR (Prolia)

#3 - #1 AND #2

SciELO

#1 - "Giant Cell Tumor of Bone" OR "Tumor Oseo de Células Gigantes" OR "Tumor de Células
Gigantes do Osso" OR Osteoblastoma
#2 - Denosumab OR Xgeva OR AMG 162 OR Prolia OR Denosumabe

#3 -#1 AND #2

Embase

#1 - 'osteoclastoma'/exp OR (giant AND cell AND tumor AND of AND bone) OR (giant AND cell
ANDtumor, AND bone) OR (giant AND cell AND tumour AND of AND bone) OR (giant AND cell
AND tumour, AND bone) OR (polyostotic AND osteoclastoma)

#2 - 'denosumab'/exp OR (amg AND 162) OR amgl162 OR amgiva OR prolia OR xgeva

#3 - #1 AND #2

ScienceDirect

#1 - ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Cochrane Library

#1 — MeSH descriptor: [Giant Cell Tumor of Bone] explode all trees
#2 — osteoclastoma
#3 —#1 OR #2
#4 — MeSH descriptor: [Denosumab] explode all trees

#5 — Xgeva

#6 - AMG 162
#7 - Prolia

#8 - #4 OR #5 OR #6 OR #7

#6 - #3 AND #8

Clinicaltrials.gov

#1 - (Giant Cell Tumor of Bone OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Registro Brasileiro de

Ensaios Clinicos

#1 - (Giant Cell Tumor of Bone OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Open Access Theses and

Dissertations

#1 — ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Biblioteca Digital Brasileira

de Teses e Dissertagdes

#1 — ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)
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3.5. Triagem e extragao de dados

As buscas nas bases de dados foram realizadas e importadas para o
software EndNote®, um programa de gerenciamento de referéncias bibliograficas, que
removeu duplicatas automaticamente e permitiu a inspecdo manual para identificar
possiveis duplicatas remanescentes. Apos a remocgdo, um avaliador (CLSLP)
exportou os resultados para o aplicativo web de gerenciamento de selegdo Rayyan,®
de modo que, de forma independente, dois avaliadores (BGB e FDM) selecionaram
os artigos por titulos e resumos, identificando assim os possiveis estudos elegiveis
para leitura na integra. Todos os procedimentos de selegdo dos estudos foram
baseados no fluxograma PRISMA (Figura 1). Nos casos de divergéncia, os
avaliadores (BGB e FDM) discutiram sobre a inclusdo do estudo e resolveram por
consenso ou com o auxilio ou arbitragem do terceiro avaliador (AG).

Os dados foram extraidos e tabulados em planilha eletronica utilizando o
Microsoft® Excel® (Microsoft Corporation, 2019). Esses dados incluiram o numero,
idade, sexo e localizagao do tumor dos participantes do estudo, autores, ano, local de
publicacdo, entre outros aspectos relacionados aos estudos, esquemas terapéuticos
adotados (dose, intervalos entre as doses, duracdo do tratamento etc.) e desfechos
(resposta terapéutica, efeitos adversos, recidiva local etc.). Para evitar viés no
processo de extragdo, dois avaliadores (BGB e FDM) realizaram as extra¢des de

forma independente.

Figura 1. Fluxograma PRISMA 2020 para novas revisdes sistematicas que incluiu
buscas em bases de dados, registros e outras fontes. PRISMA-Preferred Reporting

Items for Systematic Reviews and Meta-Analyses



11

Identitication of studies via databases and ragisters

ldentification of studles via other methods

|dentification

Records identilied from
Databases (n =1194)
Reqgisters (n = 18)

Screening

Records screened
(n = 1005)

Reports sought for retrieval
(n = 90)

L4

Reports assesseg (or eligibliily
(n = 90)

Y

[ Inciuded ]

Studies included in review
(n =26)

Reporls of included studies
(n=11)

v

Records removed before
screening:
Duplicale records removed
(n = 208)

Records identitied from:
ThesefDissertations (n = 2)
Citation searching (n =10386)

Records removed Screening.
Cuplicate records removed
(n = 1010)

Records exduded
(n =915)

v

Reports nol retrieved
(n=0)

Reports sought for retrieval
(n=28)

Reports not retrieved
(n =0}

b

Reports excluded:
Wrong study design (n= 43)
Foreign language (n = 10)

Repors assessed for engiviiity
(n =28)

a

Reports excluded:
Study or report already
inciuded (n = 28)

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers,
and other sources.

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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3.6. Avaliagao de risco de viés (qualidade)

O risco de viés nos estudos selecionados foi julgado de forma independente
por dois avaliadores (AG e CLSLP). A avaliagdo da qualidade dos estudos foi realizada
utilizando a ferramenta desenvolvida pelo National Institutes of Health (NIH);?° existe
um checklist para cada tipo de estudo, que variam entre nove e 12 questdes - cada

estudo foi revisado respondendo "sim", "nao",

nao determinado", "ndo aplicado" ou

"nao relatado" (Anexo 2).

3.7. Analise estatistica

As analises foram realizadas utilizando-se o software R (The R Foundation
for Statistical Computing), versao 3.5.2, com o pacote "meta" (verséo 4.9-6). Devido a
natureza dicotdmica dos resultados, os dados de eventos e totais foram extraidos para
agrupamento como metanalise de proporgdes. Os dados foram agrupados, conforme
sugerido por Schwarzer et al.,?’ pelo modelo linear misto generalizado (GLMM) de
efeitos aleatorios, utilizando transformacao /logit de proporgdes, enquanto os intervalos
de confianga dos estudos individuais foram calculados pelo método de Clopper-
Pearson.

Para investigar o viés de publicagao, foi realizado o grafico de funil com
contorno acentuado, inspecionado visualmente quanto a assimetria apenas se
houvesse 10 ou mais estudos na analise, conforme recomendado por Sterne et al.??
Analises de sensibilidade por desenho metodoldgico dos estudos foram adotadas para
avaliar sua influéncia entre os diferentes tipos de estudos sobre os achados
agrupados. As caracteristicas do regime terapéutico foram investigadas por analise
de sensibilidade para dosagem de denosumab, dose de ataque, suplementagao e

seguimento.
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Para cada desfecho, a heterogeneidade do estudo foi avaliada com o teste
¥2 (Chi?) de Cochran, assumindo evidéncia de heterogeneidade com p-valor <0,10.
Avaliou-se a inconsisténcia dos resultados entre os estudos utilizando a estatistica I
Adotou-se a descricdo dos limiares para a interpretagdo de 1> como: <50% de baixa
heterogeneidade, 2=50% de heterogeneidade substancial e >75% de alta

heterogeneidade.
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ABSTRACT

The aim of this study is to evaluate the efficacy of different therapeutic regimens using denosumab in patients
with giant cell tumor of bone (GCTB), regarding clinical outcomes [clinical benefit (CB)], imaging response
(IR), local recurrence (LR), and adverse effects (AE), in addition to secondary outcomes related to age (in years)
and gender. A broad and systematic literature search was carried out using the PRISMA guidelines. We analyzed
studies that reported skeletally mature patients with GCTB regardless of sex or ethnicity treated with
denosumab. Articles with fewer than five patients and in languages other than English, Portuguese and Spanish
were excluded. Statistical analysis with proportion meta-analysis was performed due to the dichotomous nature
of the data. One thousand and five articles were screened, of which 26 articles met the inclusion criteria and
were selected, totaling 1742 patients, 51.8% women and 48.2% men, with an average of 35 years of age.
Treatment with denosumab was associated with high rates of clinical benefit and imaging response, without
changing local recurrence rates when compared to patients treated without denosumab, regardless of the
therapeutic regimen adopted and the number of doses applied. The adverse effects presented were mostly mild,

with the exception of a malignant transformation to osteosarcoma.

Keywords: Bone Neoplasms; Denosumab; Outcome Assessment, Health Care; Giant Cell Tumor of Bone;

Systematic Review.
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1 INTRODUCTION

Giant cell tumor of bone (GCTB) is a rare, locally aggressive, benign primary neoplasm which accounts
for approximately 5% of all bone tumors [1,2].

Histologically, GCTB is composed of reactive multinucleated osteoclast-like giant cells that express the
receptor activator of nuclear factor kappa-B (RANK) and by mononuclear tumor stromal cells that express
RANK ligand (RANKL) [1,3]. GCTB predominantly occurs in the third to fifth decades of life, but can occur at
any age, with a slight female predilection. The most frequent sites of involvement are the epiphysial—
metaphyseal segments of the long bones around the knee (distal femur and proximal tibia), followed by the distal
radius [1,4,5]. It is rarely found in the axial skeleton [6]. Metastatic dissemination is rare, occurring in
approximately 1% of cases [1,5,7,8]. GCTB does also have the potential for malignant transformation [1,4,6].

The clinical manifestations of GCTB include pain, edema, joint effusion, and limited range of motion
[1]. Plain radiography of the affected segment is the cornerstone of imaging and is the method of choice for
initial evaluation of primary bone tumors, according to the American College of Radiology (ACR)
Appropriateness Criteria [9,10]. On radiographic examination, GCTB initially presents as an eccentric, lytic,
epiphysial-metaphyseal lesion, with precisely demarcated rim and no reactive sclerosis; however, when the
diagnosis is overlooked, progression can occur rapidly, with cortical breakthrough and soft-tissue involvement,
leading to extracompartmental spread [5]. Additional imaging modalities (magnetic resonance imaging,
computed tomography, bone scintigraphy) are needed to evaluate local extension and search for distant spread
[9,10].

GCTB is treated surgically whenever possible. Local disease control is essential to reduce the
possibility of recurrence and/or metastatic spread to the lungs. Some authors have demonstrated that wide
resection reduces recurrence rates. However, this treatment approach may be associated with greater morbidity
and functional impairment. As the majority of affected patients are young adults and the majority of lesions are
juxta-articular, the preferred treatment approach should include complete removal of the tumor while preserving
the function of the affected segment. The most common treatment approaches involve intralesional curettage
(which preserves the joint), alone or combined with adjuvant local treatment (electrocautery; instillation of
absolute ethanol, phenol, or hydrogen peroxide, among other substances) and filling with bone graft, bone
substitutes, or polymethyl methacrylate (PMMA) [1,3,5,11-13].

Denosumab is a human monoclonal antibody with high affinity for RANKL. Its administration prevents

RANK/RANKL binding and activation of the multinucleated osteoclast-like giant cells, thereby inhibits bone
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resorption. This drug has been used in the treatment of osteoporosis, bone metastases and, more recently, it has
become part of the therapeutic armamentarium against GCTB, especially for unresectable lesions or when
surgical treatment would involve en bloc resection or amputation, as it allows local control with a view to
downstaging for a more conservative surgical procedure [1,4,14-16].

The objective of this study is to evaluate the effectiveness of different denosumab-containing treatment
regimens in patients with GCTB in terms of clinical outcomes — clinical benefit —, imaging response (IR), local

recurrence (LR), and adverse events (AE), in addition to age- and sex-related secondary outcomes.

2 METHODS

2.1 Study registration

This systematic review was prepared in accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-analyses Protocols (PRISMA-P) guidelines [17,18] and was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) with accession number CRD42020190503. The

protocol for this systematic review has been previously described and published [19].

2.2 Inclusion criteria

2.2.1 Type of study

Controlled or uncontrolled, randomized or non-randomized clinical studies and case series of at least

five patients with GCTB treated with denosumab were included. Studies published in languages other than

English, Portuguese, or Spanish were excluded.

2.2.2 Patient profile

Skeletally mature patients with GCTB confirmed by histopathological examination were included, with

no restrictions on gender or ethnicity.

2.2.3 Outcome measures

Denosumab regimen adopted, including dose, loading dose, and duration of treatment in number of

doses (>6 doses, <6 doses, and not reported); Response to denosumab, based on the treatment regimen, in terms
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of clinical outcomes (clinical benefit), imaging response, local recurrence, and adverse effects, in addition to

secondary outcomes related to age (in years) and sex [19].

2.3 Search strategy

A systematic search was carried out in the MEDLINE (via PubMed), Embase (via Periédicos CAPES),

ScienceDirect/Elsevier, SciELO, and Cochrane Library databases, as well as the ClinicalTrials.gov and Registro

Brasileiro de Ensaios Clinicos (ReBEC) clinical trial registries, with no restrictions on date of publication. To

explore the gray literature, the Open Access Theses and Dissertations (OATD) and Brazilian Digital Library of

Theses and Dissertations (BDTD) databases were searched. We also performed a snowball search to identify

additional studies by searching the reference lists of publications eligible for full-text review to retrieve

previously unidentified studies. The full search strategy has also been published in Barreto et al [19].

The Medical Subject Headings (MeSH), Embase Subject Headings (Emtree), and Health Sciences

Descriptors (DeCS) controlled vocabularies were used for the search queries. Terms were grouped and/or

crossed with the Boolean operators “OR” and “AND”, as shown in Table 1.

Table 1. Database search strategy.

Databases Strategy
#1 - "Giant Cell Tumor of Bone"[Mesh] OR osteoclastoma
MEDLINE via PubMed
#2 - "Denosumab"[Mesh] OR (Xgeva) OR (AMG 162) OR (Prolia)
#3 - #1 AND #2
#1 - "Giant Cell Tumor of Bone" OR "Tumor Oseo de Células Gigantes" OR "Tumor de Células
SciELO Gigantes do Osso" OR Osteoblastoma
#2 - Denosumab OR Xgeva OR AMG 162 OR Prolia OR Denosumabe
#3 - #1 AND #2
#1 - 'osteoclastoma'/exp OR (giant AND cell AND tumor AND of AND bone) OR (giant AND cell
ANDtumor, AND bone) OR (giant AND cell AND tumour AND of AND bone) OR (giant AND cell
Embase
AND tumour, AND bone) OR (polyostotic AND osteoclastoma)
#2 - 'denosumab'/exp OR (amg AND 162) OR amg162 OR amgiva OR prolia OR xgeva
#3 - #1 AND #2
ScienceDirect #1 - ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR
Prolia)
Cochrane Library #1 — MeSH descriptor: [Giant Cell Tumor of Bone] explode all trees
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#2 — osteoclastoma
#3 —#1 OR #2
#4 — MeSH descriptor: [Denosumab] explode all trees
#5 — Xgeva
#6 - AMG 162
#7 - Prolia
#8 - #4 OR #5 OR #6 OR #7

#6 - #3 AND #8

Clinicaltrials.gov

#1 - (Giant Cell Tumor of Bone OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Registro Brasileiro de

Ensaios Clinicos

#1 - (Giant Cell Tumor of Bone OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Open Access Theses and

Dissertations

#1 — ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

Biblioteca Digital Brasileira

de Teses e Dissertagdes

#1 — ("Giant Cell Tumor of Bone" OR osteoclastoma) AND (Denosumab OR Xgeva OR AMG 162 OR

Prolia)

2.4 Screening and data extraction

Database searches were performed and the results imported into EndNote® reference management

software, which removed duplicates. The results were exported to the Rayyan systematic review web-based

application [20] and two other authors (BGB and FDM) independently screened the articles by titles and

abstracts, thus identifying studies potentially eligible for full-text reading. All study selection procedures were

based on the PRISMA flow diagram (Figure 1). Any disagreements were resolved by the third author (AG).

Data were extracted and tabulated in a Microsoft Excel® spreadsheet (Microsoft Corporation, 2019).

These data included the number, age, sex, and tumor location of study participants; author, year, and country of

publication, among other related aspects; treatment regimens adopted (dose, intervals between doses, duration of

treatment, etc.); and outcomes (treatment response, adverse events, local recurrence, etc.). To avoid bias in the

data extraction process, two authors (BGB and FDM) performed it independently.



20

2.5 Risk-of-bias assessment (methodological quality)

The risk of bias in the selected studies was assessed independently by two raters (AG and CLSLP) by
the National Institutes of Health (NIH) checklist [21], which consists of 12 items. Each study was reviewed by

answering “yes”, “no”, “cannot determine”, “not applicable”, or “not reported” for each of the checklist items

(Supplementary Table 1).

2.6 Statistical analysis

2.6.1 Data analysis and processing

Per protocol [19], all statistical analyses were carried out in the R version 3.5.2 software environment
(The R Foundation for Statistical Computing), running the “meta” package (version 4.9-6). Due to the
dichotomous nature of the results, event and total data were extracted for clustering in a meta-analysis of
proportions. As suggested by Schwarzer et al. [22], data were pooled by a generalized linear mixed model
(GLMM) containing random effects, using logit transformation of proportions, while the confidence intervals of
individual studies were calculated using the Clopper-Pearson method.

To assess publication bias, a contour-enhanced funnel plot was constructed and visually inspected for
asymmetry only if there were 10 or more studies in the analysis, as recommended by Sterne et al. [23].
Sensitivity analyses by methodological design of the studies were used to evaluate their influence across the
different types of studies on the pooled findings. The characteristics of each treatment regimen were investigated
by a sensitivity analysis for denosumab dosage.

For each outcome, study heterogeneity was assessed with Cochran’s chi-square (%?) test, assuming
evidence of heterogeneity at a p-value <0.10. The inconsistency of results across studies was assessed using the
P statistic. Descriptive thresholds for /7 interpretation were adopted as follows: <50%, low heterogeneity; >50%,

substantial heterogeneity; >75%, high heterogeneity.

3 RESULTS

Overall, 26 studies were selected (Figure 1), enrolling a total of 1742 patients, 896 (51.8%) female and
834 (48.2%) male — only one study [24] did not report the gender of the participants (n=12). The mean age was
35 years, ranging from 13 to 81 years; five articles did not report minimum and maximum age [25-29], only the

mean age, which in these publications ranged from 29 to 34 years (Table 2).
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Total females included across all studies; n (%)
Mean age of participants
Minimum age of participants

Maximum age of participants

896 (51.8%)
35 years
13 years

81 years

cod_study Study Year Sample Males Females Age mean Age min  Age max
1 Agarwal et al. 2018 54 25 29 32 17 67
2 Borkowska et al. 2016 35 14 21 39 19 74
3 Boye et al. 2017 18 13 5 39 16 63
4 Campanacci et al. 2019 36 16 20 36 18 64
5 Chawla et al. 2019a 267 113 154 34 - -
5 Chawla et al. 2019b 253 111 142 34 - -
5 Chawla et al. 2019¢ 12 7 5 34 - -
6 Chinder et al. 2019 123 87 36 29 - -
7 Deveci et al. 2017 13 5 8 38 26 51
8 Goldschlager et al. 2015 5 0 5 36 22 58
9 Hindiskere et al. 2020 84 43 41 30 - -
10 Latorre et al. 2021 14 6 8 35 23 46
11 Lee etal. 2018 12 - - 40 21 66
12 Lim et al. 2020 68 31 37 34 - -
13 Lietal. 2019 125 49 76 34 - -
14 Muller et al. 2016 25 13 12 35 15 72
15 Murphy et al. 2020 154 85 69 35,8 21 51
16 Puri et al. 2019 44 26 18 27 13 47
17 Rutkowski et al. 2018 138 55 83 39 14 81
18 Sahito et al. 2021 70 38 32 30 17 47
19 Sambri et al. 2020 26 13 13 47 20 76
20 Scoccianti et al. 2018 21 11 10 42 17 66
21 Treffel et al. 2020 35 20 15 36 16 72
22 Ueda et al. 2015 17 8 9 36 18 66
23 Yang et al. 2018 16 6 10 33 16 63
24 Yietal. 2018 8 3 5 37 18 45
25 Zhang et al. 2019 11 1 10 38 19 67
26 Zou et al. 2019 58 35 23 33 15 67
Total participants included across all studies (n) 1742

Total males included across all studies; n (%) 834 (48.2%)
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The denosumab regimen adopted for the treatment of GCTB in most studies consisted of 120 mg
administered subcutaneously every 4 weeks with loading doses of 120 mg on days 8 and 15; only Sahito et al.
[30] used a weekly subcutaneous dose of 120 mg for 4 weeks. What did vary substantially between studies was
the duration of denosumab therapy and the number of doses administered. Among the 26 studies, ten

[15,25,28,29,31-36] used more than six doses, ten used six or fewer doses [25,27,30,37-43], and six [24,44-48]

did not report the total number of doses received by participants (Supplementary Table 2).

3.1 Clinical benefit (CB)
Seven studies [15,25,34-36,41,44] comprising 754 patients, evaluated the effect of denosumab on CB.
The pooled findings demonstrated a CB rate of 89% (95% confidence interval [95%CI]: 77% to 95%), however,

significant heterogeneity (1=1.1096; p<0.01) and high inconsistency (/>=71%) of results were observed (Figure

2).

3.1.1 Sensitivity analysis

When evaluating clinical trials only [25,36,44], the observed CB rate was 79% (95% CI: 75% to 82%),
while in case series [15,35,41] it was 96% (95% CI: 88% to 99%), and in the single cohort study included [34],
92% (95%CI: 75% to 99%). Clinical trials alone exhibited absence of statistically significant heterogeneity and

low inconsistency (1>=0, p=0.17; ’=38%) (Figure 3).

3.1.2 Subgroup analysis (number of doses)
Studies that administered more than six doses [15,25,34-36] reported a CB rate of 88% (95% CI: 74% to
95%), while the sole study that administered six doses or fewer [41] reported 100% clinical benefit (95% CI:

72% to 100%) (Figure 4).

3.2 Local recurrence (LR)
Eighteen studies [15,25-28,30,32-37,39,40,42,45-47], comprising 744 patients, evaluated LR rates in
patients with GCTB treated with denosumab. The pooled findings demonstrated a local recurrence rate of 26%

(95% CI: 20% to 32%); however, significant heterogeneity (t>=0.2780; p<0.01) and moderate inconsistency

(I=60%) were observed (Figure 5).
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3.2.1 Sensitivity analysis

When analyzing only case-control studies [27,37,45], the rate of LR was 35% (95% CI: 27% to 44%)),
while in cohorts [26,28,30,34,46] it was 24% (95% CI: 12% to 42%); in the single clinical trial included [25],
15% (95% CI: 09% to 22%); in case series [15,32,33,35,39,40,42,47] ,23% (95% CI: 19% to 28%); and in a non-
randomized controlled trial [36], 67% (95% CI: 22% to 96%). Analysis of cohort studies alone demonstrated
significant heterogeneity (t>=0.6420, p=0.01) and moderate to high inconsistency (> = 68%). Case series showed
no statistically significant heterogeneity (t>=0.0003, p=0.14), as well as low inconsistency (/*=36%), while the

case-control studies were perfectly homogeneous in their results (t>=0, p=0.42, ’=0%) (Figure 6).

3.2.2 Subgroup analysis (number of doses)

In those studies, in which more than six doses of denosumab were administered [15,25,34-36], local
recurrence was observed in 23% of cases (95% CI: 17% to 31%). In studies that administered six or fewer doses
[26,27,30,37,39,40,42], a higher frequency was observed, with local recurrence in 30% of cases (95% CI: 21% to
41%). Both groups showed significant heterogeneity and moderate inconsistency (p<0.10 and />>50%) (Figure

7).

3.3 Imaging response (IR)

Nine studies [24,26,27,34,35,41,44,46,48], comprising 209 patients, evaluated IR rates in patients with
GCTB treated with denosumab. The pooled findings demonstrated a response rate of 85% (95% CI: 75% to
92%), with statistically significant heterogeneity (t>=0.5226, p= 0.05), but low heterogeneity (I’=48%) (Figure

08).

3.3.1 Sensitivity analysis

Across the included case series (three studies, comprising 51 patients) [35,41,48], the imaging response
rate was 94% (95% CI: 83% to 98%); these studies presented consistent results and no statistically significant
heterogeneity (12=0, p=1; I’=0%). The cohort studies (four articles, comprising 93 participants) [24,26,34,46]
reported an imaging response rate of 74% (95% CI: 60% to 84%), with substantial heterogeneity (/>=54%) but
low inconsistency (t>=0.1508, p=0.09). In the sole clinical trial included [44], the imaging response rate was

88% (95% CI: 64% to 99%), and in the single case-control study [27], 90% (95% CI: 77% to 97%) (Figure 09).
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3.3.2 Subgroup analysis (number of doses)

Studies that administered more than six doses of denosumab [34,35] reported an IR rate of 83% (95% CI:
61% to 93%); however, they had significant heterogeneity and moderate inconsistency (p=0.04, ’=77%). Six or
fewer doses [26,27,41] were associated with an IR rate of 87% (95% CI 79% to 92%), with consistent results

and no significant heterogeneity (p=0.52, I’=0%) (Figure 10).

3.4 Adverse effects (AE)

Hypokalemia was the adverse effect most commonly reported across the included studies. Eight articles
[15,29,32-35,38,44], including a total of 425 patients, reported a 6% frequency of hypokalemia (95% CI: 4% to
9%), with no heterogeneity identified across these studies (1=0, ’=0%; p=0.82). The three most frequent
adverse effects were, respectively: back pain, 26% (95% CI: 18% to 37%); fatigue, 25% (95% CI: 20% to 30%);
and extremity pain, 24% (95% CI: 19% to 30%). Osteonecrosis of the jaw was reported in five studies
[15,25,31,33,35] (830 participants), for a frequency of 4% (95% CI: 2% to 7%). Sambri et al. [34] reported a
single case of malignant transformation to osteosarcoma among 26 patients with GCTB treated with denosumab

(Supplementary Table 3).

4 DISCUSSION

GCTB is a common bone neoplasm, accounting for approximately 20% of all primary bone tumors
[12]. It preferentially affects young individuals in the most productive years of life and is highly locally
aggressive, with high recurrence rates and potential for metastatic spread to the lungs; it is currently classified as
an intermediate variant (locally aggressive, rarely metastasizing) of the category of osteoclastic giant cell-rich
tumors [49].

The standard treatment for GCTB is surgical, consisting of intralesional curettage or en bloc resection.
Wide resection provides the best outcomes in terms of preventing LR, but is often associated with local
morbidity and is not always feasible (some tumors are unresectable).

The advent of denosumab has changed the clinical course of GCTB and the therapeutic approach to this
neoplasm [41]. Denosumab has been used as neoadjuvant therapy in patients with locally advanced GCTB, with
the aim of downstaging lesions to facilitate tumor resection; it also allows local control of unresectable tumors
and treatment of metastases [3].

However, there is no consensus in the literature regarding the optimal denosumab regimen for GCTB,
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particularly concerning the number of doses (duration of therapy). Some authors advocate the administration of
more than six doses, while others advocate six or fewer [16,44].

The efficacy of these different treatment regimens in patients with GCTB has not yet been widely
investigated; to the best of our knowledge, no systematic review or meta-analysis has been conducted in this
context. The present study was designed to evaluate the efficacy of different denosumab-containing treatment
regimens in patients with GCTB in terms of clinical outcomes — clinical benefit (CB) —, imaging response (IR),
local recurrence (LR), and adverse events (AE).

The rate of LR after surgical treatment of GCTB without denosumab ranges from 15% to 45% [4,16]. In
our review, we found a mean LR of 26% with adjunctive denosumab, ranging from 3.45% [30] to 66.7% [36].
This significant heterogeneity can be explained by population selection, type of surgery, and site and stage of the
primary tumor. Yang et al. [36] compared the outcomes of treating stage 3 sacral GCTBs with preoperative
embolization and curettage with a high-speed bur with or without neoadjuvant denosumab. The group not treated
with denosumab had zero local recurrence, while those cases treated with denosumab (more than six doses)
relapsed in 66.7% of cases, a fact attributed by the authors to (1) the permanence of tumor cells in the newly
formed bone induced by denosumab after cessation of treatment; and (2) cortical thickening and formation of
new bone matrix, which both made curettage difficult and prevented the surgeon from delineating the true extent
of the tumor. Sahito et al. [30] enrolled patients with grade III GCTB located mainly in the long bones, divided
into two groups: one was pre-treated with denosumab (three or four weekly 120 mg doses) and the other received
no neoadjuvant treatment. The denosumab-treated group had a recurrence rate of 3.45%, while the untreated
group had a recurrence rate of 4.88%.

Regarding study designs, we found homogeneity in the results of case-control studies [27,37,45], which
reported a relatively high rate of LR (35%), explained, among other factors, by the type of surgery performed —
two of the three studies evaluated cases treated by curettage, with 44% [37] and 42% [45] LR rates, while the
other [27] evaluated patients undergoing curettage with en bloc resection and reported a LR rate of 31%. When
considering only those patients treated by curettage, the rate of local recurrence was 36%. Among studies that
used denosumab regimens consisting of six or fewer doses, the overall LR rate was 30% [26,27,30,37,39,40,42],
versus 21% in those which administered six doses or more [15,25,28,32-36]. We did not find a statistically
significant difference in LR between these studies, regardless of dosage (¥*>=2.38, p=0.30). The incidence of LR
appears to be associated with the affected site (sacrum, distal radius, short bones of the feet and hands) and the

type of surgery performed (more frequent with curettage than with en bloc resection).
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Some studies defined clinical benefit as a composite of patient-reported pain reduction, improved
function, and improved mobility, while others analyzed these outcomes separately. The seven articles that
evaluated this item as a composite outcome reported an average clinical benefit rate of 89%. In two of the studies
[36,41] 100% benefit was observed, but these had a small sample size (six and 11 participants, respectively);
Yang et al. [36] adopted a treatment regimen consisting of more than six doses, while Zhang et al. [41]
administered six doses or fewer. Cohort 3 of a phase II open-label trial by Chawla et al. [25], reported the lowest
overall rate of clinical benefit (45%), much lower than other articles and cohorts 1 and 2 of the same study; this
fact was attributed to the selection of participants, who all had unresectable GCTBs.

The main radiographic feature of GCTB is an osteolytic pattern secondary to bone resorption. The
imaging modalities most commonly used in the diagnosis and follow-up of patients with this tumor are plain
radiography, computed tomography, magnetic resonance imaging, and positron emission tomography-computed
tomography (PET-CT). Imaging response after denosumab treatment is evaluated through such scans, seeking to
identify a reduction in the size (diameter) of the lesion, improvement or resolution of osteolysis (ossification of
the lesion), calcification of tumor margins, or reduction of the maximum standardized uptake value (SUVmax)
on PET-CT. There was no single criterion across all studies regarding assessment of IR; however, some
parameters were common to most of the included investigations (reduction, stabilization, or progression of tumor
size; ossification of the bone matrix; calcification of tumor margins).

Of the nine studies that evaluated IR [24,26,27,34,35,41,44,46,48], seven reported an excellent response
(>80%) [24,26,27,35,41,44,48]. Diverging from other studies, Murphy et al. [46] reported an IR rate of 50%, as
they considered reduction in lesion size (20.3%) as the sole criterion for assessment. Goldschlager et al. [48] also
used reduction in tumor size as their sole criterion and reported a 100% response rate; in this study, however,
only patients with GCTBs restricted to the spine were included. Most studies (seven) used more than one
criterion to evaluate IR [24,26,27,34,35,41,44]. Among these, the most common schemes used were the MD
Anderson Cancer Center (MDA) Bone Response Criteria and the Choi inverse criteria. Regarding the number of
doses, three studies [26,27,41] used six doses or fewer and obtained a pooled IR rate of 87%. Sambri et al. [34]
and Treffel et al. [35] administered more than six doses and obtained an 83% IR rate; this difference was not
statistically significant (y*,= 0.32, p = 0.57). However, we observed a better response in absolute figures with
fewer doses, suggesting that GCTBs respond well to denosumab, with IR being achieved after just a few doses.

Overall, the literature pertaining to the use of denosumab and its regimens in the treatment of GCTB

remains controversial, especially regarding the duration of treatment. In some studies, treatment was
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discontinued after a subjective analysis regarding patient response and surgical indication at that time; in others,
a predefined protocol was followed regardless of the response obtained with neoadjuvant treatment.

This review has some limitations. Among them, the quality of the included studies — only four were
clinical trials, and of these, only one was randomized — poses a risk of selection bias. The homogeneity of the
population included across the selected studies is debatable, especially regarding lesion status (first operation or
local recurrence) and type of surgical treatment (curettage or wide resection). There was no uniformity
whatsoever in the inclusion and exclusion criteria used by the authors in the studies. Publication bias — i.e., the
greater likelihood of studies being published if results are positive — must also be considered when interpreting
the results, although this was mitigated by the fact that we carried out a comprehensive search of several

databases, including the gray literature, in three different languages.

5 CONCLUSIONS

This systematic review with meta-analysis confirms the efficacy of denosumab in reducing pain and
improving function and mobility in GCTB. Patients obtained high rates of clinical benefit from denosumab
treatment, and imaging response rates were also high —up to 100% in some studies — and consistent. However,
there was no statistically significant difference in efficacy among the different denosumab regimens adopted,
especially regarding the number of doses. The local recurrence rate is relatively high overall, regardless of the
number of doses administered, but similar to that seen in individuals who do not receive neoadjuvant
denosumab. It tends to be higher in those cases treated with curettage and lower in patients undergoing en bloc
resection, again regardless of the number of doses administered. Several adverse effects were reported; most

were mild, except for a single case of malignant transformation to osteosarcoma.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases,
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registers, and other sources.

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2. Random-effects model for calculation of clinical benefit rates with denosumab therapy.

Figure 3. Random-effects model for sensitivity analysis by methodological design of studies that evaluated clinical
benefit.

Figure 4. Random-effects model for subgroup analysis (number of doses) of studies that evaluated clinical benefit.
Figure 5. Random-effects model for calculation of local recurrence rates with denosumab therapy.

Figure 6. Random-effects model for sensitivity analysis by methodological design of studies that evaluated local
recurrence.

Figure 7. Random-effects model for subgroup analysis (number of doses) of studies that evaluated local
recurrence.

Figure 8. Random-effects model for calculation of imaging response rates with denosumab therapy.

Figure 9. Random-effects model for sensitivity analysis by methodological design of studies that evaluated
imaging response

Figure 10. Random-effects model for subgroup analysis (number of doses) of studies that evaluated imaging

response



—

ldentitication ot studies via databases and ragisters

Identification of studles via othe? methods

Records removed before
screening:
Duplicate records removed
(n = 208)

Records identitied from
These/Dissertations (n = 2)
Citation searching (n =1036)

Records removed screening:
Duplicate records removed
(n=1010)

Records exduded
(n=915)

v

Reports nol retrieved
(n=0)

Reports sought for retrieval
(n = 28)

Reports not retrieved
(n =0}

v

Reports excluded:
Wrang study design (n= 43)
Foreign language {n = 10)

Repons assessed for engibiity
(n =28)

[ =
]
E Records identilied from
= Databases (n =1194)
s Reglsters (n = 19)
-
r
Records screened
{n =1005)
h 4
Reports sought for retrieval
] {n=190)
=
:
8 L4
Reports assessed (or eligibliily
(n =90)
——
— r
o Studies included in review
= {n =26)
I} Reporis of included studes
E (n =11)
e

Reports excluded:
Siudy or report already
incluged (n = 28)

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers,
and other sources.

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

33



34

Study Events Total Proportion
Chawla et al 2019a 209 262 - 0.80
Chawla et al 2019b 197 248 - 0.79
Chawla et al 2019c¢ 5 11 0.45
Treffel et al 2019 31 35 —i— 0.89
Yang et al 2018 6 6 : i 1.00
Rutkowski et al 2018 135 138 P 0.98
Sambri et al 2019 24 26 —— 0.92
Ueda et al 2015 14 17 —-—— 0.82
Zhang et al 2019 11 11 —-—' 1.00
Random effects model 754 —_ 0.89
Heterogeneity: I° = 71%, t° = 1.1096, p < 0.01 ' ' ' !

0.2

0.4

0.6

0.8

95%-ClI

[0.74; 0.84]
[0.74; 0.84]
[0.17; 0.77]
[0.73; 0.97]
[0.54; 1.00]
[0.94; 1.00]
[0.75; 0.99]
[0.57; 0.96]
[0.72; 1.00]

[0.77; 0.95]

Figure 2. Random-ellects model for calculation of clinical benelit rates with denosumab therapy.
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Figure 3. Random-effects model for sensitivity analysis by methodological design of studies that

evaluated clinical benefit.
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Figure 5. Random-etfects model for calculation of local recurrence rates with denosumab therapy.
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Figure 6. Random-effects model for sensitivity analysis by methodological design of studies that

evaluated local recurrence.




37

Study

Agarwal et al 2018
Chinder et al 2019
Puri et al 2019
Sahito et al 2021
Zou et al 2018
Latorre et al 2021
Hindiskere et al 2020

Deveci et al 2019

Lim et al 2020

Sambri et al 2019
Treffel et al 2019

Yang et al 2018
Chawla et al 2019
Campanacci et al 2019
Rutkowski et al 2018

Random effects model

Events

1"
18
12
15

26

17
1
17

6
19

Total

25
42
41
29
58
14
84
293

36
68
11
31

116
36
89

393

686

Heterogeneity: /° = 62%, t* = 0.2543, p < 0.01

Test for subgroup differences: X? =1.12,df=1(p=0.29)

Proportion

<
| | | |

02 04 06 08

95%-ClI

0.44 [0.24; 0.65]
0.43 [0.28; 0.59]
0.29 [0.16; 0.46]
0.03 [0.00;0.18]
0.26 [0.15;0.39]
0.43 [0.18;0.71]
0.31 [0.21;0.42]
0.30 [0.21; 0.41]

0.17 [0.06; 0.33]
0.25 [0.15;0.37]
045 [0.17;0.77]
0.35 [0.19; 0.55]
0.67 [0.22; 0.96]
0.15 [0.09; 0.22]
0.17 [0.08; 0.33]
0.21 [0.13; 0.31]
0.23 [0.17; 0.31]

0.27 [0.21; 0.34]

Figure 7. Random-effects model for subgroup analysis (number of doses) of studies that evaluated local recurrence.
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Figure 8. Random-effects model for calculation of imaging response rates with
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Figure 9. Random-effects model for sensitivity analysis by methodological design of studies that

evaluated imaging response.
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Figure 10. Random-effects model for subgroup analysis (number of doses) of studies that evaluated imaging response.
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5. DISCUSSAO

O TCGO constitui neoplasia éssea rara, correspondendo a cerca de 5% de
todos os tumores dsseos primarios e 20% dos tumores 6sseos benignos.'?> Acomete
preferencialmente individuos jovens na fase mais produtiva da vida e apresenta
comportamento local agressivo, altas taxas de recorréncia e potencial metastatico
(pulmao), sendo atualmente classificada como variante intermediaria (localmente
agressiva, raramente metastatizante) do grupo dos tumores osteoclasticos ricos em
células gigantes.*8

O tratamento padrdo do TCGO é cirurgico, consistindo em curetagem
intralesional com adjuvancia local ou ressecgdo em bloco, associada ou nao a
reconstrugao ou substituicdo do segmento acometido. A ressec¢do ampla apresenta
os melhores resultados quanto a incidéncia de RL, porém muitas vezes esta associada
a morbidade local, além de nem sempre ser factivel (tumores irressecaveis).

O denosumab foi aprovado pela Food and Drug Administration (FDA) dos
EUA em 2013 e pela European Medicines Agency (EMA) em 2014 para o tratamento
de adultos e adolescentes esqueleticamente maduros portadores de TCGO
irressecavel ou nos casos em que a resseccgao dessa neoplasia pudesse resultar em
morbidade grave. Em 2017, a National Comprehensive Cancer Network (NCCN)
passou a recomendar a administracdo de denosumab no tratamento de lesdes
inoperaveis do esqueleto axial (coluna, pelve e sacro) e de lesbes metastaticas.

A introdugdo do denosumab alterou o curso clinico do TCGO e sua
abordagem terapéutica.*® Essa droga tem sido utilizada como terapia neoadjuvante
em pacientes com TCGO localmente avangado, com o objetivo de diminuir as lesdes,

facilitar a resseccdo tumoral, além de possibilitar o controle local de tumores
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irressecaveis e o tratamento das metastases.?

Entretanto, o esquema terapéutico do denosumab para o TCGO,
principalmente quanto ao numero de doses (tempo de uso), ainda n&o constitui
consenso na literatura. Ha autores que defendem o uso de mais de seis doses e 0s
que defendem o uso de seis ou menos doses. 643

A literatura concernente a eficacia de diferentes esquemas terapéuticos em
portadores de TCGO ainda n&o foi amplamente investigada - até onde sabemos,
nenhuma revisao sistematica ou metandlise foi conduzida nesse contexto. Nosso
estudo avalia a eficacia de diferentes esquemas terapéuticos utilizando denosumab
em portadores de TCGO, considerando desfechos clinicos [beneficio clinico (BC),
reducao da dor (RD), melhora funcional (MF) e mobilidade (MB)], resposta de imagem
(RI), recorréncia local (RL) e efeitos adversos (EA).

A taxa de RL apés tratamento cirurgico do TCGO sem o uso de denosumab
situa-se entre 15-45%.4'® Em nosso trabalho, encontramos 26% de média de RL com
o uso de denosumab, variando entre 3,45%2° e 66,7%,3® demonstrando significativa
heterogeneidade nos resultados dos estudos, que pode ser explicada pela selegéo da
populagéo, tipo de cirurgia, localizagéo e estagio do TCGO. Yang et al.3> compararam
os resultados do tratamento do TCGO estagio 3 localizado no sacro mediante
embolizacdo pré-operatoria e curetagem com broca de alta rotagdo com ou sem
denosumab neoadjuvante. O grupo n&o tratado com denosumab evoluiu sem recidiva
local, e os casos tratados com esta droga (mais de seis doses) recidivaram em 66,7%
dos casos, fato atribuido pelos autores a (1) permanéncia de células tumorais no 0sso
neoformado induzido pelo denosumab apds a interrupgdo do tratamento; e, (2) ao
espessamento cortical e a nova matriz 6ssea, que além de dificultar a curetagem, ndo

permitiriam ao cirurgido delinear a verdadeira extens&do do tumor. O estudo de Sahito
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et al.,?® por sua vez, incluiu pacientes com TCG grau 3 localizados principalmente nos
0ssos longos, divididos em dois grupos, sendo um tratado previamente com
denosumab (120 mg semanal em 3-4 doses) e outro, ndo. O grupo tratado com
denosumab evoluiu com taxa de recorréncia de 3,45% e o nao tratado apresentou
taxa de recorréncia de 4,88%.

Quanto aos tipos de estudo, encontramos homogeneidade nos resultados
do tipo caso-controle,?%:36.44 que apresentaram taxa de RL relativamente alta (35%),
explicada, dentre outros fatores, pelo tipo de cirurgia realizada - dois destes trés
estudos avaliaram casos tratados mediante curetagem com 44%3 e 42%% de RL,
enquanto o outro®® avaliou pacientes submetidos a curetagem e ressecgdo em bloco,
apresentando RL de 31% — quando considerados apenas os pacientes tratados
mediante curetagem, a taxa alcangou 36%. Os artigos que utilizaram esquemas
terapéuticos de denosumab com seis ou menos doses apresentaram 30% de
RL,252629.36,38,3941 i3 og que utilizaram mais de seis doses'®2427:31-35 gpresentaram
21% de RL - ndo encontramos diferenga estatisticamente significante na LR entre os
trabalhos independentemente da dose utilizada (x?=2,38 p=0,30). Aparentemente a
incidéncia de RL guarda relagcdo com o sitio afetado (sacro, radio distal, ossos curtos
dos pés e das maos) e no tipo de cirurgia empregada (mais frequente na curetagem
do que nas ressecgdes em bloco).

A dor é o principal sintoma associado ao TCGO, e esta relacionada a
insuficiéncia mecanica resultante da reabsor¢ao (destruicdo) ossea; além disso, ha
diminuicdo da amplitude articular e, em 12% dos casos, fratura patologica ao
diagndstico.?

Alguns trabalhos definiram BC como o relato de redu¢do da dor, melhora

da fungdo e da mobilidade agrupados, enquanto outros analisaram estes desfechos
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separadamente. Os sete artigos que avaliaram este item de forma agrupada
demonstraram média de BC de 89% - em dois dos estudos®>4? observou-se 100% de
BC, porém estes apresentaram pequena amostragem (seis e 11 participantes,
respectivamente); Yang et al.3® adotaram esquema terapéutico utilizando mais de seis
doses, e Zhang et al.*0 utilizaram esquema com seis doses ou menos. A coorte 3 do
estudo open-label, fase 2 de Chawla et al.?* apresentou a menor taxa de BC (45%),
muito abaixo dos demais artigos e das coortes 1 € 2 do mesmo estudo, fato atribuido
a selecao dos participantes, que faziam parte de estudos de TCGO irressecavel.

Em relacdo a redugao da dor, detectamos uma grande discrepancia nos
resultados entre os artigos selecionados. Sambri et al.?3 e Zhang et al.*? encontraram
alta taxa de RD (92 e 100%, respectivamente) enquanto Lim et al.? observaram 30%
de RD. No ultimo estudo, os pacientes selecionados eram portadores de TCGO
inoperavel (sacro, coluna ou multiplas lesdes incluindo metastases pulmonares). Ao
analisar o esquema terapéutico adotado no que tange o numero de doses, 0 Unico
artigo que utilizou esquema terapéutico utilizando seis ou menos doses de
denosumab,*® apesar de ter apresentado a maior taxa de BC e RD em nlUmeros
absolutos, ndo apresentou diferenca estatisticamente significante (x?1= 0.00, p=1.00)
com os demais trabalhos que utilizaram esquema com mais de seis doses.

A caracteristica radiografica principal do TCGO é o padrdo osteolitico,
secundario a reabsorg¢ao 0ssea. Os exames de imagem mais utilizados no diagnostico
e seguimento dos portadores deste tumor sdo as radiografias simples, tomografia
computadorizada, ressonancia magnética e positron emission tomography - computed
tomography (PET-CT). A Rl apos o tratamento com denosumab é avaliada através
destes exames, buscando identificar redugdo do tamanho (didmetro) da leséo,

melhora ou desaparecimento da ostedlise (ossificacdo da lesdo), calcificagdo das
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margens tumorais ou diminuicdo do maximum standardized uptake value (SUVmax)
na PET-CT. Nao houve um critério unico entre os trabalhos no que tange a avaliagao
da RI, contudo alguns parametros foram comuns a maioria (redugao, estabilizagdo ou
progressao do tamanho do tumor; ossificagdo da matriz e calcificagdo das margens).

Dos nove artigos que avaliaram a resposta imagioldgica,?3:2526,33,34,40,43,45,47
sete obtiveram excelente resposta, acima de 80%.232526:34404347 Em discordancia
com os demais trabalhos, Murphy et al.*® observaram RI de 50%, pelo fato de
considerarem apenas a redugdo no tamanho da lesédo (20,3%) como critério de
avaliagdo. Goldschlager et al.#” também utilizaram o critério de redugdo do tamanho
tumoral, obtendo 100% de redugé&o tumoral — neste artigo, entretanto, foram incluidos
portadores de TCGO situados apenas na coluna vertebral. A maioria dos artigos (sete)
utilizou mais de um critério na avaliacdo da RI;23:2526.33,3440.43 dentre eles, os mais
utilizados foram os critérios do MD Anderson Cancer Center (MDA) e o Choi inverse
criteria. Em relagdo ao numero de doses, trés artigos?%2640 que utilizaram seis doses
ou menos, obtiveram Rl de 87%. Sambri et al.33 e Treffel et al.,3* que utilizaram mais
de seis doses, obtiveram 83% de RI - esta diferenga ndo foi estatisticamente
significante (x?1= 0.32, p = 0,57), contudo observamos melhor resposta em numeros
absolutos com baixas doses, sugerindo que o TCGO €& bom respondedor ao
denosumab, ja que apresenta RI com poucas doses.

Esta revisdo apresenta algumas limitagbes. Dentre elas, a qualidade dos
estudos - apenas quatro s&o ensaios clinicos e somente um é randomizado,
constituindo risco de viés de selegdo. A homogeneidade da populagéo incluida nos
estudos selecionados é discutivel, principalmente quanto ao status da lesdo (primeira
operagao ou recorréncia local), e quanto ao tipo de tratamento cirurgico empregado

(curetagem ou ressecgédo ampla). Nao houve uniformidade nos critérios de inclusdo e



44

exclusao utilizados pelos autores nos estudos. O viés de publicagdo também deve ser
considerado na interpretagcdo dos resultados, devido a maior probabilidade de
encontrar trabalhos com resultados positivos, amenizado pelo fato de realizarmos
busca abrangente em diversas plataformas, incluindo literatura cinzenta, em trés

idiomas distintos.
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6. CONSIDERAGOES FINAIS

De modo geral, a literatura pertinente ao uso do denosumab e seu
esquema terapéutico no tratamento do TCGO é controversa, principalmente no que
tange a duracdo do tratamento. Em alguns artigos, o tratamento € finalizado apés
analise subjetiva quanto a resposta e proposta cirurgica naquele momento; em outros,
segue protocolo pré-determinado, independente da resposta obtida com o tratamento
neoadjuvante.

Nosso estudo confirmou a eficacia do denosumab para reducédo da dor,
melhora funcional e da mobilidade. Os pacientes obtiveram altas taxas de beneficio
clinico com o tratamento, a resposta imagiologica foi alta e consistente, apresentando
100% de resposta em alguns artigos. Entretanto, considerando o cerne central deste
artigo - esquemas terapéuticos de denosumab - ndo houve diferenga estatisticamente
significante nos desfechos pesquisados, independentemente do numero de doses
utilizadas, alternando os bons resultados entre os pacientes que usaram mais de seis
doses e entre 0os que usaram seis ou menos doses.

Nossos resultados mostraram que o desfecho beneficio clinico (melhora da
dor, mobilidade e fungéo) e a resposta imagiologica (redugdo tumoral, ossificagdo e
calcificagdo das margens) sdo numericamente melhores com a utilizagdo de poucas
doses (seis ou menos), apesar de nao ser estatisticamente significante.

A taxa de recidiva local é relativamente alta, independentemente do numero
de doses adotadas, porém semelhante aquela observada em individuos nao
submetidos ao tratamento neoadjuvante com denosumab. Tende a ser maior nos

casos tratados com curetagem e menor naqueles pacientes submetidos a ressecgao
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em bloco, independentemente do numero de doses adotadas. Varios efeitos adversos
foram relatados, em sua maioria leves, com excecdo de um caso que evoluiu com
transformagao maligna (osteossarcoma).

Os resultados deste artigo sao promissores, apesar de iniciais, e
acreditamos, para o futuro em uma discussdo ampla sobre a duracéo do tratamento
de TCGO com denosumab. O beneficio desta medicagao de alto custo no TCGO esta
amplamente comprovado, contudo seu uso deve ser criterioso, sobretudo em paises
em desenvolvimento, como 0 nosso.

Acreditamos que novos trabalhos sejam indispensaveis, focando
principalmente no protocolo de uso - quantidade de doses necessarias - para o
downgrade pré-operatorio, uma vez que o esquema terapéutico utilizado para o
tratamento de tumores irressecaveis ja € contemplado por maior consenso na
literatura. Os resultados nos deixam a perspectiva de que, no futuro, tenhamos um
protocolo de uso mais racional, com menor quantidade de doses, aprimorando o

tratamento medicamentoso do TCGO, tornando-o mais adequado e eficaz.
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Anexo 2. Tabelas suplementares

Tabela suplementar 1. Avaliagao do risco de viés dos estudos incluidos

Study (year) QI Q2 Q3 Q4 05 06 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Overall
Case-Control

Agarwal et al (2018) Y Y N Y Y Y N N Y Y N CD - - 7 of 12
Hindiskere et al (2020) Y Y N Y Y Y N N Y Y N CD - - 7 of 12
Scoccianti et al (2018) Y Y N Y CD Y N N Y Y N CDb - - 60f 12
Case Series

Campanacci et al (2019) Y Y CD Y Y Y CD Y Y - - - - - 7 0f 9
Deveci et al (2017) Y Y Y Y Y Y CD Y Y - - - - - 8 of 9
Goldschlager et al (2015) Y Y Y CD Y Y CD NR Y - - - - - 60f9
Muller et al (2016) Y Y CD Y Y Y CD NR Y - - - - - 6de9
Puri et al (2019) Y Y CD Y Y Y CD Y Y - - - - - 7de9
Rutkowski et al (2018) Y Y CD Y Y Y CD Y Y - - - - - 7de9
Treffel et al (2019) Y Y CD Y Y Y CD Y Y - - - - - 7de9
Yietal (2018) Y Y CD Y Y Y CD Y Y - - - - - 7de9
Zhang et al Y Y CD Y Y Y CD Y Y - - - - - 7de9
Latorre et al (2021) Y Y CD Y Y Y C/D Y Y - - - - - 7de9
Zou et al (2019) Y Y CD Y Y Y CD Y Y - - - - - 7de9
Cohort

Borkowska et al (2016) Y Y CD Y N Y CD CD Y CD Y N CD CD 6del4
Boye et al (2017) Y Y CD Y N Y CD CD Y CD Y N CD CD 6del4
Chinder et al (2019) Y Y N Y N Y CD Y Y ¢D Y N CD Y 8 de 14
Lee et al (2018) Y Y CD Y N Y CD CD Y CD Y N CD CD 6del4
Lim et al (2020) Y Y Y Y N Y D Y Y ¢D Y N CD Y 9de 14
Murphy et al (2020) Y Y CD N N Y CD CD Y CD Y N CD CD 5del4
Sahito et al (2021) Y Y CD Y N Y CD CD Y CD Y N CD CD 6del4
Sambri et al (2020) Y Y CD Y N Y CD CD Y CD Y N CD CD 6del4
Clinical Trial

Chawla et al (2019) N N N C¢Db CD CD Y Y Y CD CD N Y CD 4del4
Lietal (2019) Y Y Y N N Y Y Y Y CD CD Y Y Y 10del4
Ueda et al (2015) N N N CD CD CD Y Y Y CD CD N Y C/D 4del4
Yang N N N CD CD Y Y Y Y CD CD N Y CD 5del4

Legend: Y = yes; N = Not; N/R = Not reported; N/A = Not applicable; C/D = Cannot determine; - = No criterion in the scale.

Case-Control study: Q1 = Was the research question or objective in this paper clearly stated and appropriate?; Q2 = Was the study population clearly specified and defined?;
Q3 = Did the authors include a sample size justification?; Q4= Were controls selected or recruited from the same or similar population that gave rise to the cases (including the
same timeframe)?; Q5 = Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select cases and controls valid, reliable, and
implemented consistently across all study participants?; Q6 = Were the cases clearly defined and differentiated from controls?; Q7 = If less than 100 percent of eligible cases
and/or controls were selected for the study, were the cases and/or controls randomly selected from those eligible?; Q8 = Was there use of concurrent controls?; Q9 = Were the
investigators able to confirm that the exposure/risk occurred prior to the development of the condition or event that defined a participant as a case?; Q10 = Were the measures
of exposure/risk clearly defined, valid, reliable, and implemented consistently (including the same time period) across all study participants?; Q11 = Were the assessors of
exposure/risk blinded to the case or control status of participants?; Q12 = Were key potential confounding variables measured and adjusted statistically in the analyses? If
matching was used, did the investigators account for matching during study analysis?; Cases series study: Q1 = Was the study question or objective clearly stated? ; Q2 =
Was the study population clearly and fully described, including a case definition?; Q3 = Were the cases consecutive?; Q4 = Were the subjects comparable?; Q5 = Was the
intervention clearly described?; Q6 = Were the outcome measures clearly defined, valid, reliable, and implemented consistently across all study participants?; Q7 = Was the
length of follow-up adequate?; Q8 = Were the statistical methods well-described?; Q9 = Were the results well-described?; Cohort studies: Q1= Was the research question or
objective in this paper clearly stated?; Q2= Was the study population clearly specified and defined?; Q3= Was the participation rate of eligible persons at least 50%?; Q4= Were
all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study
prespecified and applied uniformly to all participants?; Q5= Was a sample size justification, power description, or variance and effect estimates provided?; Q6= For the analyses
in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?; Q7= Was the timeframe sufficient so that one could reasonably expect to see
an association between exposure and outcome if it existed?; Q8= For exposures that can vary in amount or level, did the study examine different levels of the exposure as related
to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?; Q9= Were the exposure measures (independent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?; Q10= Was the exposure(s) assessed more than once over time?; Ql1= Were the outcome measures
(dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?; Q12= Were the outcome assessors blinded to the exposure
status of participants?; Q13=Was loss to follow-up after baseline 20% or less?; Q14= Were key potential confounding variables measured and adjusted statistically for their
impact on the relationship between exposure(s) and outcome(s)?; Clinical trial studies: Q1= Was the study described as randomized, a randomized trial, a randomized clinical
trial, or an RCT?; Q2= Was the method of randomization adequate (i.e., use of randomly generated assignment)?; Q3= Was the treatment allocation concealed (so that
assignments could not be predicted)?; Q4= Were study participants and providers blinded to treatment group assignment?; Q5= Were the people assessing the outcomes blinded
to the participants' group assignments?; Q6= Were the groups similar at baseline on important characteristics that could affect outcomes (e.g., demographics, risk factors, co-
morbid conditions)?; Q7= Was the overall drop-out rate from the study at endpoint 20% or lower of the number allocated to treatment?; Q8= Was the differential drop-out rate
(between treatment groups) at endpoint 15 percentage points or lower?; Q9= Was there high adherence to the intervention protocols for each treatment group?; Q10= Were
other interventions avoided or similar in the groups (e.g., similar background treatments)?; Q11= Were outcomes assessed using valid and reliable measures, implemented
consistently across all study participants?; Q12= Did the authors report that the sample size was sufficiently large to be able to detect a difference in the main outcome between
groups with at least 80% power?; Q13= Were outcomes reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)?; Q14= Were all
randomized participants analyzed in the group to which they were originally assigned, i.e., did they use an intention-to-treat analysis?.
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Tabela Suplementar 2. Esquemas terapéuticos de denosumab no tratamento do

tumor de células gigantes 6sseo nos estudos incluidos

ID Author Intervention protocol No. doses
1 Agarwal All patients were given subcutaneous injections of denosumab <6
(120 mg) every month (with additional doses on days 8 and 15
during the first month only).

2 Borkowska All patients received subcutaneous injections of denosumab (120
mg) every 28 days, with additional injections on days 8 and 15 of
the first month, in addition to calcium (1,000 mg/day) and vitamin

D (400 1U/day) supplements.
3 Boye Denosumab (120 mg) was given as a subcutaneous injection >6
every 4 weeks (with loading doses on day 8 and 15 in cycle 1).
Planned duration of neoadjuvant denosumab was 6—12 months,
and the duration of adjuvant (postoperative) treatment was 6
months. All patients underwent a routine dental exam before
starting treatment, and were advised to take daily supplements
containing 500—1000 mg calcium and 400—-800 IU vitamin D.
4 Campanacci Denosumab (Xgeva® 120 mg) was given as a subcutaneous >6
injection every 4 weeks (with loading doses on day 8 and 15 in
cycle 1). Planned duration of neoadjuvant denosumab was 6 and
12 months, and the duration of adjuvant (postoperative) treatment
was 6 months. All patients underwent a routine dental exam
before starting treatment, and were advised to take daily
supplements containing 500e1000 mg calcium and 400e800 IU
vitamin D.
5 Chawla Patients received 120 mg denosumab subcutaneously once every >6
(principal) 4 weeks, with loading doses (120 mg subcutaneously)
administered on study days 8 and 15 to patients in cohorts 1 and 2
(patients in cohort 3 did not receive loading doses). Patients who
had complete tumor resection (cohort 2) received adjuvant
denosumab for six doses after pathological confirmation of partial
response or complete response. Patients received concomitant
supplements containing at least 500 mg calcium and 400 TU
vitamin D.
6 Chinder For patients in group 1, 120 mg of denosumab was administered <6
subcutaneously after confirmation of normal serum calcium
levels. Denosumab was administered once every 4 weeks, with
booster doses on day 7 and day 15 of the first month
7 Deveci Subcutaneous injections of denosumab (120 mg) were given >6
every 4 weeks (with additional doses on days 0, 8 and 15 in cycle
1 only). Concomitantly, 1500 mg calcium carbonate + 400 IU
vitamin D were given daily.
8 Goldschlager patients were treated with monthly cycles of 120 mg of NR
denosumab with initial additional loading doses on days 8 and 15.
Patients were given daily supplements of calcium (500 mg) and
vitamin D (400 IU).
<6

A\
=)

9 Hindiskere ~ Until late 2015, before surgery for GCTB, 120 mg of denosumab
was administered once every 28 days, with additional loading
doses on days 8 and 15 of the first month, for 3 to 6 months.
Thus, since late 2015 until the current day, 120 mg of denosumab
is administered once every 2 weeks for 1 or 2 months, depending
upon the response, in all patients being planned for surgery after
downstaging with denosumab
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10

Latorre

The dose of neoadjuvant treatment, as per international guidelines
and recommendations, was 120 mg of subcutaneous denosumab
monthly, with two loading doses in the first month.

11

Lee

The denosumab treatment followed the protocol employed by two
multicenter open-label trials. Patients received 120 mg
neoadjuvant denosumab subcutaneously every 4 weeks with
additional loading doses on day 8 and day 15 of the first month,
then one to four adjuvant doses. Regular renal function tests were
performed for monitoring of blood calcium and phosphate levels.
Calcium and vitamin D supplements were also prescribed.

NR

12

Lim

Perioperative methods to control hemorrhage: Prior to surgery,
subcutaneous denosumab 120 mg was injected on days one, eight,
and 15, with additional doses being given on day 28, and every
four weeks, if required. The majority of patients in cohort 3
received one to four doses of preoperative denosumab.
Postoperative denosumab therapy. For those patients who
received postoperative denosumab therapy, 120 mg was injected
monthly. The continuation of these injections varied among
patients and was based on the progress of each individual at
follow-up.

>6

13

Li

Patients in the DB group received six cycles of denosumab. A
cycle was defined as 120 mg denosumab per 4 weeks, with
additional 120 mg doses on days 8 and 15, administered
subcutaneously in the abdomen, upper thigh, or upper arm. Both
groups also received 500 mg calcium with 400 IU 25-hydroxy
vitamin D/day, continued as needed by the patient.

>6

14

Muller

Patients received open-label subcutaneous denosumab 120 mg
every 4 weeks, with additional doses administered on days 8 and
15 during the first month of therapy only. For patients who
received also a postoperative treatment, denosumab therapy
continued for six additional doses after surgery.

NR

15

Murphy

The treatment regimen for our patient cohort was 120 mg of
subcutaneous denosumab on days 1, 8 and 15 of the first month,
followed by 120 mg monthly for 3—6 months thereafter.

NR

16

Puri

Patients were treated with subcutaneous injections of denosumab
in doses of 120 mg every 28 days, with additional doses on days 8
and 15 of the first month. Concurrent supplementation with
calcium (500 mg/day) and vitamin D (400 IU/day) was given.

17

Rutkowski

All patients were treated with subcutaneous injections of
denosumab in dose 120 mg every 28 days, with additional doses
on days 8 and 15 of the first month, with concurrent
supplementation with calcium 1000 mg/day and vitamin D 400
1U/day.

>6

18

Sahito

Patients received once-weekly denosumab 120 mg for 4-weeks
before resection and reconstruction

19

Sambri

Denosumab was administered 120 mg/day at days 1, 8, 15, 29,
and monthly thereafter. Long-term therapy regimen consisted of a
bi-monthly administration.

>6

20

Scoccianti

Denosumab treatment was administered at the medical oncology
department by a medical oncologist (G. Baldi) according to the
following schedule: 120-mg subcutaneous weekly administration
for 3 weeks and then 120 mg subcutaneous monthly for 3 months.

NR

21

Treffel

All patients received 120 mg of denosumab on days 8 and 15 of
the first month of therapy. In addition, they were administered
subcutaneous injections of 120 mg every 4 weeks.

>6
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22

Ueda

Patients received subcutaneous injection of denosumab (120 mg)
every 4 weeks, with additional loading doses on days 8 and 15.
This treatment continued until disease progression,
recommendation of discontinuation by the investigator or
sponsor, absence of clinical benefit according to the investigator’s
judgment, or patients’ decision to discontinue. All patients
received vitamin D (> 400 IU) and calcium (> 600 mg)

NR

23

Yang

Patients received subcutaneous denosumab 120 mg every 4
weeks, with additional doses administered on days 8 and 15
during the 1st month.

>6

24

Each patient had been administered denosumab subcutaneously
(120 mg) on days 1, 8, 15, and 30, at monthly intervals

25

Zhang

All patients were treated with subcutaneous injections of 120 mg
denosumab (Xgeva; Amgen, CA, USA) every 4 weeks, with
additional doses on days 8 and 15 of the first cycle. All patients
received three cycles of treatment. That is, six doses of
denosumab were administered preoperatively. No additional
denosumab was given postoperatively. Meanwhile, all patients
were given supplements with calcium (500 mg/day) and vitamin
D (400 1U/day).

26

Zou

Pre-operative denosumab was given subcutaneously at dosage of
120 mg on day 1, day 8, day 15 and day 29 as the loading dosage
for the first month, 120 mg per four weeks thereafter.

Abbreviation: IU, international units.
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Tabela Suplementar 3. Efeitos adversos do tratamento com denosumab nos estudos

incluidos
Complications n %AE
Osteonecrosis of the jaw 830 4%
Hypophosphatemia 824 11%
Arthralgia 806 19%
Nausea 682 22%
Fatigue 678 25%
Headache 668 23%
Vomiting 665 8%
Musculoskeletal pain 651 8%
Diarrhea 651 7%
Anemia 651 4%
Back pain 651 26%
Pain in extremity 651 24%
Constipation 639 6%
Nasopharyngitis 543 16%
Toothache 543 13%
Cough 526 14%
Asthenia 526 11%
Peripheral oedema 526 8%
Abdominal pain 526 9%
Upper respiratory tract infection 523 11%
Paresthesia 514 8%
Hypocalcemia 425 6%
Periapical abscess 247 0.4%
Periodontal disease 247 0.4%
Infection 200 12%
Osteopenia 138 1%
Stress reaction 138 1%
Loss of appetite 125 2%
Osteomyelitis 125 2%
Depression 125 1%
Weight gain 125 1%
Fracture 94 3%



Nonunions of the bone graft 1 58 9%

Separations of the distal radioulnar joint 1 58 3%
Carpal subluxation 1 58 2%
Diffuse bone pain 1 36 6%
Musculoskeletal pain 1 35 6%
Malignant transformation 1 26 4%
Dental caries 1 17 24%
Malaise 1 17 24%
Potentially associated with hypersensitivity 1 17 18%
Pyrexia 1 17 18%
Cystitis 1 17 12%
Periodontitis 1 17 12%
Pneumothorax 1 17 12%
New primary malignancy 1 17 6%
Vascular disorders 1 17 6%
Injection site reaction 1 14 24%
Laboratory test abnormal 1 14 14%
Gingivitis 1 14 7%
Influenza 1 14 4%
Alopecia 1 5 4%

Abbreviation: AE, adverse events, k, number of studies, n, number of patients.
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#
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Location where
item is
reported

TITLE

Title

Identify the report as a systematic review.

Page 1

ABSTRACT

Abstract

See the PRISMA 2020 for Abstracts checklist.

Page 2

INTRODUCTION

Rationale

Describe the rationale for the review in the context of existing knowledge.

Page 3-4

Objectives

Provide an explicit statement of the objective(s) or question(s) the review addresses.

Page 4

METHODS

Eligibility criteria

Specify the inclusion and exclusion criteria for the review and how studies were
grouped for the syntheses.

Page 4

Information sources

Specify all databases, registers, websites, organisations, reference lists and other
sources searched or consulted to identify studies. Specify the date when each source
was last searched or consulted.

Page 5

Search strategy

Present the full search strategies for all databases, registers and websites, including
any filters and limits used.

Page 5-6 Table
1

Selection process

Specify the methods used to decide whether a study met the inclusion criteria of the
review, including how many reviewers screened each record and each report retrieved,
whether they worked independently, and if applicable, details of automation tools used
in the process.

Page 6

Data collection
process

Specify the methods used to collect data from reports, including how many reviewers
collected data from each report, whether they worked independently, any processes for
obtaining or confirming data from study investigators, and if applicable, details of
automation tools used in the process.

Page 6

Data items

10a

List and define all outcomes for which data were sought. Specify whether all results
that were compatible with each outcome domain in each study were sought (e.g. for all
measures, time points, analyses), and if not, the methods used to decide which results
to collect.

Page 4-5

10b

List and define all other variables for which data were sought (e.g. participant and
intervention characteristics, funding sources). Describe any assumptions made about
any missing or unclear information.

Page 6

Study risk of bias
assessment

11

Specify the methods used to assess risk of bias in the included studies, including
details of the tool(s) used, how many reviewers assessed each study and whether they
worked independently, and if applicable, details of automation tools used in the
process.

Page 7

Effect measures

12

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used
in the synthesis or presentation of results.

Page 7

Synthesis methods

13a

Describe the processes used to decide which studies were eligible for each synthesis
(e.g. tabulating the study intervention characteristics and comparing against the
planned groups for each synthesis (item #5)).

Page 7

13b

Describe any methods required to prepare the data for presentation or synthesis, such
as handling of missing summary statistics, or data conversions.

Page 7

13c

Describe any methods used to tabulate or visually display results of individual studies
and syntheses.

Page 7

13d

Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify
the presence and extent of statistical heterogeneity, and software package(s) used.

Page 7

13e

Describe any methods used to explore possible causes of heterogeneity among study
results (e.g. subgroup analysis, meta-regression).

Page 7

13f

Describe any sensitivity analyses conducted to assess robustness of the synthesized
results.

Page 7

Reporting bias
assessment

14

Describe any methods used to assess risk of bias due to missing results in a synthesis
(arising from reporting biases).

Page 7




Section and Topic

Checklist item

59

Location where
item is
reported

Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence | (unrealized)
assessment for an outcome.
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records Page 7; Figure
identified in the search to the number of studies included in the review, ideally using a 1
flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, Figure 1
and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics. Page 7-9 Table
characteristics 2 Table 4
Risk of bias in 18 | Present assessments of risk of bias for each included study. Supplemental
studies Table 5
Results of individual 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where | Page 9-11
studies appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible Figure 2-10
interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among Page 9-11
syntheses contributing studies.
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, Page 9-11
present for each the summary estimate and its precision (e.g. confidence/credible Figure 2-10
interval) and measures of statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study Page 9-11
results. Figure 2-10
20d | Present results of all sensitivity analyses conducted to assess the robustness of the Page 9-11
synthesized results. Figure 2-10
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting (unrealized)
biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each (unrealized)
evidence outcome assessed.
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Page 12-14
23b | Discuss any limitations of the evidence included in the review. Page 14
23c | Discuss any limitations of the review processes used. Page 14
23d | Discuss implications of the results for practice, policy, and future research. Page 14
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration | Page 4
protocol number, or state that the review was not registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not Page 4
prepared.
24c | Describe and explain any amendments to information provided at registration or in the Not applicable
protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the | Page 18
funders or sponsors in the review.
Competing interests 26 | Declare any competing interests of review authors. Page 19
Availability of data, 27 | Report which of the following are publicly available and where they can be found: Page 18

code and other
materials

template data collection forms; data extracted from included studies; data used for all
analyses; analytic code; any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71
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Format of articles
Scientific Reports publishes original research
in two formats: Article and Registered
Report. For Registered Reports, see section
below. In most cases, we do not impose
strict limits on word count or page number.
However, we strongly recommend that you
write concisely and stick to the following
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® Articles should ideally be no more
e than 11 typeset pages
The main text should be no more than
4,500 words (not including Abstract,
Methods, References and figure
legends)
* The title should be no more than 20
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Abstract

Please do not include any references in
your Abstract. Make sure it serves both as a
general introduction to the topic and as a
brief, non-technical summary of the main
results and their implications. Abstract
should be unstructured, i.e. should not
contain sections or subheadings.

Keywords

We allow the use of up to 6 keywords/key
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purposes. These should represent the main
content of the submission.

Manuscript

Your manuscript text file should start with a
title page that shows author affiliations and
contact information, identifying the
corresponding author with an asterisk. We
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recommend that each section includes an
introduction of referenced text that
expands on the background of the work.
Some overlap with the Abstract is
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Large Language Models (LLMs), such as
ChatGPT, do not currently satisfy our
authorship criteria. Notably an attribution
of authorship carries with it accountability
for the work, which cannot be effectively
applied to LLMs. Use of an LLM should be
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section (and if a Methods section is not
available, in a suitable alternative part) of
the manuscript. In response to emerging
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around artificial intelligence (Al), we have
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Editorial Policy page. Please familiarize
yourself with this content and comply with
relevant policies.
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the number of display items commensurate
with your overall word length. So, for
Articles of 2,000 words or less, we suggest
including no more than 4 figures/tables.
Please note that schemes should not be
used and should be presented as figures
instead.

Your submission must also include:
® Acover letter
e Individual figure files and optional
supplementary information files

For first submissions (i.e. not revised
manuscripts), you may incorporate the
manuscript text and figures into a single file
up to 3 MB in size. Whilst Microsoft Word
is preferred we also accept LaTeX, or PDF
format. Figures can be inserted in the text
at the appropriate positions, or grouped at
the end.

Supplementary information should be
combined and supplied as a single separate
file, preferably in PDF format.

A submission template is available in the
Overleaf template gallery to help you
prepare a LaTeX manuscript within the
Scientific Reports formatting criteria.

Cover letter

In your cover letter, you should include:
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e The affiliation and  contact
information of your corresponding
author

o A brief explanation of why the work
is appropriate for Scientific Reports

e The names and contact information
of any reviewers you consider
suitable

e The names and contact information
of any reviewers you consider
suitable

Finally, you should state whether you have
had any prior discussions with a Scientific
Reports Editorial Board Member about the
work described in your manuscript.

Revised manuscripts

For revised manuscripts, you should
provide all textual content in a single file,
prepared using either Microsoft Word or
LaTeX. Please note, we do not accept PDF
files for the article text of revised
manuscripts. Make sure you:

e Format the manuscript file as
single-column text without
justification.

e Number the pages using an Arabic
numeral in the footer of each page.

e Use the default Computer Modern
fonts for your text, and the 'symbols’
font for any Greek characters.

e Supply any figures as individual
files.

e Combine and supply any
Supplementary Information as a
separate file, preferably in PDF
format.

¢ Include the title of the manuscript
and author list in the first page of the
Supplementary Information file.
If you do not wish to incorporate the
manuscript text and figures into a single
file, please provide all textual content in a
separate single file, prepared using either
Microsoft Word or LaTeX.

TeX/LaTeX files
If you're submitting LaTeX files, you can
either use the standard ‘Article’ document
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https://www.overleaf.com/latex/templates/template-for-submissions-to-scientific-reports/xyrztqvdccns#.VNzKqC7HTlM
https://www.overleaf.com/

class (or similar) or the wiscirep.cls file and
template provided by Overleaf. For
graphics, we recommend your use
graphicx.sty. Use numerical references only
for citations.

Our system cannot accept .bib files. If you
prepare references using BibTeX (which is
optional), please include the .bbl file with
your  submission (as a ‘LaTeX
supplementary file’) in order for it to be
processed correctly; this file is included
automatically in the zip file generated by
Overleaf for submissions. Please see this
help article on Overleaf for more details.
Alternatively, you can make sure that the
references (source code) are included
within the manuscript file itself. As a final
precaution, you should ensure that the
complete .tex file compiles successfully on
its own system with no errors or warnings,
before submission.

Writing your manuscript

Scientific Reports is read by a truly diverse
range of scientists. Please therefore give
careful thought to communicating your
findings as clearly as possible.

Although you can assume a shared basic
knowledge of science, please don't expect
that everyone will be familiar with the
specialist language or concepts of your
particular field. Therefore:

e Avoid technical jargon wherever
possible, explaining it clearly when it
is unavoidable.

o Keep abbreviations to a minimum,
particularly when they are not
standard.

e If you must use an abbreviation,
make sure you spell it out fully in the
text or legend the first time it appears.

o Clearly explain the background,
rationale and main conclusions of
your study.

o Write titles and abstracts in language
that will be readily understood by any
scientist.

We strongly recommend that you ask a

colleague with different expertise to review
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your manuscript before you submit it. This
will help you to identify concepts and
terminology that non-specialist readers
may find hard to grasp.

Copy editing services

We don't provide in-depth copy editing as
part of the production process. So, if you
feel your manuscript would benefit from
someone looking at the copy, please
consider using a copy editing or language
editing service. You can either do this
before submission or at the revision stage.
You can also get a fast, free grammar check
of your manuscript that takes into account
all aspects of readability in English.

We have two affiliates who can provide you
with these services: Nature Research
Editing Service and American Journal
Experts. As a Scientific Reports author, you
are entitled to a 10% discount on your first
submission to either of these.

Claim 10% off English editing from Nature
Research Editing Service

Claim 10% off American Journal Experts

Please note that the use of an editing
service is at your own expense, and doesn’t
ensure that your article will be selected for
peer-review or accepted for publication.

Methods

We don't impose word limits on the
description of methods. Make sure it
includes adequate experimental and
characterisation data for others to be able
to reproduce your work. You should:

e Include descriptions of standard
protocols and experimental
procedures.

e Only identify commercial suppliers of
reagents or instrumentation when the
source is critical to the outcome of the
experiments.

o |dentify sources for any kits you use in
your procedures.

e Include any experimental protocols
that describe the synthesis of new


https://www.overleaf.com/latex/templates/template-for-submissions-to-scientific-reports/xyrztqvdccns#.VNzKqC7HTlM
https://www.overleaf.com/learn/how-to/How_do_I_download_the_automatically_generated_files_(e.g._.bbl,_.aux,_.ind,_.gls)_for_my_project%3F_My_publisher_asked_me_to_include_them_in_my_submission
https://www.aje.com/grammar-check/
http://authorservices.springernature.com/language-editing/?utm_source=natureGuideToAuthors&utm_medium=referral&utm_campaign=natureGuideToAuthors
http://authorservices.springernature.com/language-editing/?utm_source=natureGuideToAuthors&utm_medium=referral&utm_campaign=natureGuideToAuthors
https://www.aje.com/
https://www.aje.com/
https://www.aje.com/
https://secure.authorservices.springernature.com/en/default/submit/upload
https://secure.authorservices.springernature.com/en/default/submit/upload
https://www.aje.com/go/natureresearch/?utm_source=nroasLetters&utm_medium=email&utm_campaign=scirepsletters

compounds.

e Use the systematic name of any new
compound and put its bold Arabic
numeral in the heading for the
experimental protocol, indicating it
thereafter by its assigned, bold
numeral.

e Describe the experimental protocol in
detail, referring to amounts of
reagents in parentheses, when
possible (eg

e 1.03 g, 0.100 mmol).

e Use standard abbreviations for
reagents and solvents.

o Clearly identify safety hazards posed
by reagents or protocols.

e Report isolated mass and percent
yields at the end of each protocol.

If you're reporting experiments on live
vertebrates (or higher invertebrates),
humans or human samples, you must
include a statement of ethical approval in
the Methods section (see our detailed
requirements for further information on
preparing these statements).

References

We don't copy edit your references.
Therefore, it's essential you format them
correctly, as they will be linked
electronically to external databases where
possible. At Scientific Reports, we use the
standard Nature referencing style.

So, when formatting your references, make

sure they:
e Run sequentially (and are always
numerical).

e  Sit within square brackets.

e Only have one publication linked to
each number.

¢ Onlyinclude papers or datasets that
have been published or accepted
by a named publication, recognised
preprint server or data repository (if
you include any preprints of
accepted papers in your reference
list, make sure you submit them with
the manuscript).
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e Include published conference
abstracts and numbered patents, if
you wish.

e Don’t include grant details and
acknowledgements.

Sorry, we cannot accept BibTeX (.bib)
bibliography files for references. If you are
making your submission by LaTeX, it must
either contain all references within the
manuscript .tex file itself, or (if you're using
the Overleaf template) include the .bbl file
generated during the compilation process
as a 'LaTeX supplementary file' (see the
"Manuscripts” section for more details).

In your reference list, you should:

¢ Include all authors unless there are six
or more, in which case only the first
author should be given, followed by 'et
al.".

e List authors by last name first,
followed by a comma and initials
(followed by full stops) of given
names.

e Use Roman text for Article and
dataset titles, with only the first
word of the title having an initial
capital and written exactly as it
appears in the work cited, ending
with a full stop.

e Use italics for book titles, giving all
words in the title an initial capital.

o Use italics for journal and data
repository names, abbreviating them
according to common usage (with full
stops).

e Use bold for volume numbers and the
subsequent comma.

o Give the full page range (or article
number), where appropriate.

Examples

Published papers:

Printed journals

Schott, D. H., Collins, R. N. & Bretscher, A.
Secretory vesicle transport velocity in living
cells depends on the myosin V lever arm
length. J. Cell Biol. 156, 35-39 (2002).
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Online only

Bellin, D. L. et al. Electrochemical camera
chip for simultaneous imaging of multiple
metabolites in biofilms. Nat.

Commun. 7, 10535; 10.1038/ncomms10535
(2016).

For papers with more than five authors
include only the first author's name
followed by ‘et al.".

Books:

Smith, J. Syntax of referencing in How to
reference books (ed. Smith, S.) 180-181
(Macmillan, 2013).

Online material:

Babichev, S. A, Ries, J. & Lvovsky, A. I.
Quantum scissors: teleportation of single-
mode optical states by means of a nonlocal
single photon. Preprint at
https://arxiv.org/abs/quant-ph/0208066
(2002).

Manaster, J. Sloth squeak. Scientific
American Blog Network
http://blogs.scientificamerican.com/psivid/
2014/04/09/sloth-squeak (2014).

Hao, Z., AghaKouchak, A. Nakhjiri, N. &
Farahmand, A. Global integrated drought
monitoring and  prediction  system
(GIDMaPS) data sets. figshare
https://doi.org/10.6084/m9.figshare.85380
1(2014).
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Statement as described in the Author
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Please be aware:

e The author name you give as the
corresponding author will be the main
contact during the review process
and should not change.

e The information you provide in the
submission system will be used as
the source of truth when your paper
is published.

Competing interests

You must supply a competing interests
statement. If there is no conflict of interest,
you should include a statement declaring
this.

Your statement must be explicit and
unambiguous, describing any potential
competing interest (or lack thereof) for
EACH contributing author. The information
you provide in the submission system will
be used as the source of truth when your
paper is published.

Examples of declarations are:

Competing interests

The author(s) declare no competing
interests.
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scientific advisory board of B and owns
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Data availability

You must include a Data Availability
Statement in all submitted manuscripts (at
the end of the main text, before the
References section); see ‘Availability of
materials and data' section for more
information.

Ethics declarations
If your research includes human or animal
subjects, you will need to include the


http://www.nature.com/articles/ncomms10535
http://www.nature.com/articles/ncomms10535
http://www.nature.com/articles/ncomms10535
http://arxiv.org/abs/quant-ph/0208066
http://blogs.scientificamerican.com/psi-vid/2014/04/09/sloth-squeak
http://blogs.scientificamerican.com/psi-vid/2014/04/09/sloth-squeak
http://blogs.scientificamerican.com/psi-vid/2014/04/09/sloth-squeak
http://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
http://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
https://www.nature.com/srep/journal-policies/editorial-policies#author-responsibilities
https://www.nature.com/srep/journal-policies/editorial-policies#author-responsibilities
https://www.nature.com/srep/journal-policies/editorial-policies#author-responsibilities
https://www.nature.com/srep/journal-policies/editorial-policies/
https://www.nature.com/srep/journal-policies/editorial-policies/
https://www.nature.com/srep/journal-policies/editorial-policies/
https://www.nature.com/srep/journal-policies/editorial-policies/
https://www.nature.com/srep/journal-policies/editorial-policies/#competing
https://www.nature.com/srep/journal-policies/editorial-policies/#competing
https://www.nature.com/srep/journal-policies/editorial-policies/#competing
http://www.nature.com/srep/journal-policies/editorial-policies#availability
http://www.nature.com/srep/journal-policies/editorial-policies#availability
http://www.nature.com/srep/journal-policies/editorial-policies#availability

appropriate ethics declarations in the
Methods section of your manuscript.

Approval for animal experiments
For experiments involving live vertebrates
and/or higher invertebrates, your Methods
section must include a statement that:

1. Identifies the institutional and/or
licensing committee that approved
the experiments, including any
relevant details.

2. Confirms that all experiments were
performed in accordance with
relevant named guidelines and
regulations.

3. Confirms that the authors complied
with the ARRIVE guidelines.

Approval for human experiments
For experiments involving human subjects
(or tissue samples), your Methods section
must include a statement that:

1. Identifies the institutional and/or
licensing committee that approved
the experiments, including any
relevant details.

2. Confirms that all experiments were
performed in accordance with
relevant named guidelines and
regulations.

3. Confirms that informed consent was
obtained from all participants and/or
their legal guardians.

Consent to participate/Consent to
publish
Please note that:

1. Study participant names (and other
personally identifiable information)
must be removed from all
text/figures/tables/images.

2. The use of coloured bars/shapes or
blurring to obscure the eyes/facial
region of study participants is not an
acceptable means of anonymisation.
For manuscripts that include
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information or images that could
lead to identification of a study
participant, your Methods section
must include a statement that
confirms informed consent was
obtained to publish the
information/image(s) in an online
open access publication.

Supplementary Information

You should submit any Supplementary
Information together with the manuscript
so that we can send it to referees during
peer-review. This will be published online
with accepted manuscripts.

It's vital that you carefully check your
Supplementary Information before
submission as any modification after your
paper is published will require a formal
correction.

Please avoid including any "data not
shown" statements and instead make your
data available via deposition in a public
repository (see 'Availability of materials and
data' for more information).

If any data that is necessary to evaluate the
claims of your paper is not available via a
public depository, make sure you provide it
as Supplementary Information.

We do not edit, typeset or proof
Supplementary Information, so please
present it clearly and succinctly at initial
submission, making sure it conforms to the
style and terminology of the rest of the
paper.

To avoid any delays to publication, please
follow the guidelines below for creation,
citation and  submission of your
Supplementary Information:

1. You can combine multiple pieces of
Supplementary  Information and
supply them as a single composite
file. If you wish to keep larger
information  (e.g. supplementary
videos, spreadsheets [.csv or xIsx] or
data files) as another separate file you
may do so.
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Designate each item as
Supplementary Table, Figure, Video,
Audio, Note, Data, Discussion,
Equations or methods, as
appropriate. Number Supplementary
Tables and Figures as, for example,
"Supplementary Table S1". This
numbering should be separate from
that used in tables and figures
appearing in the main article.
Supplementary Note or Methods
should not be numbered; titles for
these are optional.

Refer to each piece of supplementary
material at the appropriate point(s) in
the main article. Be sure to include
the word "Supplementary" each time
one is mentioned. Please do not refer
to individual panels of supplementary
figures.

Use the following examples as a
guide (note: abbreviate "Figure" as
"Fig." when in the middle of a
sentence): "Table 1 provides a
selected subset of the most active
compounds. The entire list of 96
compounds can be found as
Supplementary Table S1 online." "The
biosynthetic pathway of L-ascorbic
acid in animals involves
intermediates of the D-glucuronic
acid pathway (see Supplementary Fig.
S2 online). Figure 2 shows...".

Remember to include a brief title and
legend (incorporated into the file to
appear near the image) as part of
every figure submitted, and a title as
part of every table.

Keep file sizes as small as possible,
with a maximum size of 50 MB, so
that they can be downloaded quickly.

Supplementary video files should be
provided in the standard video
aspects: 4:3, 16:9, 21:9.
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If you have any further questions about the
submission and preparation of
Supplementary Information, please email:
scirep.admin@nature.com.

Figure legends

Please begin your figure legends with a
brief title sentence for the whole figure and
continue with a short description of what is
shown in each panel. Use any symbols in
sequence and minimise the
methodological details as much as
possible. Keep each legend total to no
more than 350 words. Provide text for
figure legends in numerical order after the
references.

Tables

Please submit any tables in your main
article document in an editable format
(Word or TeX/LaTeX, as appropriate), and
not as images. Tables that include statistical
analysis of data should describe their
standards of error analysis and ranges in a
table legend.

Equations

Include any equations and mathematical
expressions in the main text of the paper.
Identify equations that are referred to in the
text by parenthetical numbers, such as (1),
and refer to them in the manuscript as
"equation (1)" etc.

For submissions in a .doc or .docx format,
please make sure that all equations are
provided in an editable Word format.

You can produce these with the equation
editor included in Microsoft Word.

General figure guidelines

You are responsible for obtaining
permission to publish any figures or
illustrations  that are protected by
copyright, including figures published
elsewhere and pictures taken by



professional photographers. We cannot
publish images downloaded from the
internet without appropriate permission.
You should state the source of any images
used. If you or one of your co-authors has
drawn the images, please mention this in
your acknowledgements. For software, you
should state the name, version number and
URL.

Number any figures separately with Arabic
numerals in the order they occur in the text
of the manuscript. Include error bars when
appropriate. Include a description of the
statistical treatment of error analysis in the
figure legend.

Please do not use schemes. You should
submit sequences of chemical reactions or
experimental procedures as figures, with
appropriate captions. You may include in
the manuscript a limited number of
uncaptioned graphics depicting chemical
structures - each labelled with their name,
by a defined abbreviation, or by the bold
Arabic numeral.

Use a clear, sans-serif typeface (for
example, Helvetica) for figure lettering. Use
the same typeface in the same font size for
all figures in your paper. For Greek letters,
use a 'symbols' font. Put all display items on
a white background, and avoid excessive
boxing, unnecessary colour, spurious
decorative effects (such as three-
dimensional 'skyscraper' histograms) and
highly pixelated computer drawings. Never
truncate the vertical axis of histograms to
exaggerate small differences. Ensure any
labelling is of sufficient size and contrast to
be legible, even after appropriate
reduction. The thinnest lines in the final
figure should be no smaller than one point
wide. You will be sent a proof that will
include figures.

e Figures divided into parts should be
labelled with a lower-case, bold letter (a,
b, ¢ and so on) in the same type size as
used elsewhere in the figure.
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e Lettering in figures should be in
lower-case type, with only the first
letter of each label capitalised.

e Units should have a single space
between the number and the unit,
and follow S| nomenclature (for
example, ms rather than msec) or the
nomenclature common to a particular
field.

e Thousands should be separated by
commas (1,000).

e Unusual wunits or abbreviations
should be spelled out in full or defined
in the legend.

e Scale bars should be used rather
than magnification factors, with the
length of the bar defined on the bar
itself rather than in the legend.

In legends, please use visual cues rather
than verbal explanations such as "open red
triangles”. Avoid unnecessary figures: data
presented in small tables or histograms, for
instance, can generally be stated briefly in
the text instead. Figures should not contain
more than one panel unless the parts are
logically connected; each panel of a
multipart figure should be sized so that the
whole figure can be reduced by the same
amount and reproduced at the smallest size
at which essential details are visible.

Figures for peer review

At the initial submission stage, you may
choose to upload separate figure files or to
incorporate figures into the main article file,
ensuring that any figures are of sufficient
quality to be clearly legible.

When submitting a revised manuscript, you
must upload all figures as separate figure
files, ensuring that the image quality and
formatting conforms to the specifications
below.

Figures for publication

You must supply each complete figure as a
separate file upload. Multi-part/panel
figures must be prepared and arranged as
a single image file (including all sub-parts;
a, b, ¢, etc). Please do not upload each



panel individually.

Please read the digital images integrity and
standards section of our Editorial and
Publishing Policies. When possible, we
prefer to use original digital figures to
ensure the highest-quality reproduction in
the journal. When creating and submitting
digital files, please follow the guidelines
below. Failure to do so, or to adhere to the
following guidelines, can significantly delay
publication of your work.

Springer Nature remains neutral with
regard to jurisdictional claims in published
maps and institutional affiliations.

1. Line art, graphs, charts and
schematics

For optimal results, you should supply all
line art, graphs, charts and schematics in
vector format, such as EPS or Al. Please save
or export it directly from the application in
which it was made, making sure that data
points and axis labels are clearly legible.

2. Photographic and bitmap
images

Please supply all photographic and bitmap
images in a bitmap image format such as
tiff, jpg, or psd. If saving tiff files, please
ensure that the compression option is
selected to avoid very large file sizes. Please
do not supply Word or Powerpoint files
with placed images. Images can be
supplied as RGB or CMYK (note: we will not
convert image colour modes).

Figures that do not meet these standards
will not reproduce well and may delay
publication until we receive highresolution
images.

3. Chemical structures

Please produce Chemical structures using
ChemDraw or a similar program. All
chemical compounds must be assigned a
bold, Arabic numeral in the order in which
the compounds are presented in the
manuscript text. Structures should then be
exported into a 300 dpi RGB tiff file before

69

being submitted.

4. Stereo images

You should present stereo diagrams for
divergent 'wall-eyed' viewing, with the two
panels separated by 55 cm. In the final
accepted version of the manuscript, you
should submit the stereo images at their
final page size.

Statistical guidelines

If your paper contains statistical testing, it
should state the name of the statistical test,
the n value for each statistical analysis, the
comparisons of interest, a justification for
the use of that test (including, for example,
a discussion of the normality of the data
when the test is appropriate only for normal
data), the alpha level for all tests, whether
the tests were one-tailed or two-tailed, and
the actual P value for each test (not merely
"significant” or "P < 0.05"). Please make it
clear what statistical test was used to
generate every P value. Use of the word
"significant” should always be
accompanied by a P value; otherwise, use
"substantial," "considerable," etc.

Data sets should be summarised with
descriptive statistics, which should include
the n value for each data set, a clearly
labelled measure of centre (such as the
mean or the median), and a clearly labelled
measure of variability (such as standard
deviation or range).

Ranges are more appropriate than
standard deviations or standard errors for
small data sets. Graphs should include
clearly labelled error bars. You must state
whether a number that follows the + sign is
a standard error (s.e.m.) or a standard
deviation (s.d.).

You must justify the use of a particular test
and explain whether the data conforms to
the assumptions of the tests.

Three errors are particularly common:

* Multiple comparisons: when making
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multiple statistical comparisons on a
single data set, you should explain how
you adjusted the alpha level to avoid an
inflated Type | error rate, or you should
select statistical tests appropriate for
multiple groups (such as ANOVA rather
than a series of t-tests).

e Normal distribution: many statistical
tests require that the data be
approximately normally distributed;
when using these tests, you should
explain how you tested your data for
normality. If the data does not meet the
assumptions of the test, you should use
a non-parametric alternative instead.

* Small sample size: when the sample
size is small (less than about 10), you
should use tests appropriate to small
samples or justify the use of large-
sample tests.

Chemical and biological
nomenclature and abbreviations
You should identify molecular structures by
bold, Arabic numerals assigned in order of
presentation in the text. Once identified in
the main text or a figure, you may refer to
compounds by their name, by a defined
abbreviation, or by the bold Arabic numeral
(as long as the compound is referred to
consistently as one of these three).

When possible, you should refer to
chemical compounds and biomolecules
using systematic nomenclature, preferably
using IUPAC. You should use standard
chemical and biological abbreviations.
Make sure you define unconventional or
specialist abbreviations at their first
occurrence in the text.

Gene nomenclature

You should use approved nomenclature for
gene symbols, and employ symbols rather
than italicised full names (for example Ttn,
not titin). Please consult the appropriate
nomenclature databases for correct gene
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names and symbols. A useful resource is
Entrez Gene.

You can get approved human gene
symbols from HUGO Gene Nomenclature
Committee (HGNOQ), e-mail:
hgnc@genenames.org; see also
www.genenames.org.

You can get approved mouse symbols from
The Jackson Laboratory, e-mail:
nomen@informatics.jax.org;  see  also
www.informatics.jax.org/mgihome/nomen.
For proposed gene names that are not
already approved, please submit the gene
symbols to the appropriate nomenclature
committees as soon as possible, as these
must be deposited and approved before
publication of an article.

Avoid listing multiple names of genes (or
proteins) separated by a slash, as in
'‘Oct4/Pou5f1’, as this is ambiguous (it could
mean a ratio, a complex, alternative names
or different subunits). Use one name
throughout and include the other at first
mention: 'Oct4 (also known as Pou5f1)".

Characterisation of chemical and
biomolecular materials

Scientific Reports is committed to publishing
technically sound research. Manuscripts
submitted to the journal will be held to
rigorous standards with respect to
experimental methods and characterisation
of new compounds.

You must provide adequate data to
support your assignment of identity and
purity for each new compound described in
your manuscript. You should provide a
statement confirming the source, identity
and purity of known compounds that are
central to the scientific study, even if they
are purchased or resynthesised using
published methods.

1. Chemical identity

Chemical identity for organic and
organometallic compounds should be
established through spectroscopic analysis.
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Standard peak listings (see formatting
guidelines below) for TH NMR and proton-
decoupled 13C NMR should be provided
for all new compounds. Other NMR data
should be reported (31P NMR, 19F NMR,
etc.) when appropriate. For new materials,
you should also provide mass spectral data
to support molecular weight identity. High-
resolution mass spectral (HRMS) data is
preferred. You may report UV or IR spectral
data for the identification of characteristic
functional groups, when appropriate. You
should provide melting-point ranges for
crystalline materials. You may report
specific rotations for chiral compounds.
You should provide references, rather than
detailed procedures, for known
compounds, unless their  protocols
represent a  departure  from or
improvement on published methods.

2. Combinational
libraries

When describing the preparation of
combinatorial libraries, you should include
standard characterisation data for a diverse
panel of library components.

3. Biomolecular identity

For new biopolymeric materials
(oligosaccharides, peptides, nucleic acids,
etc.), direct structural analysis by NMR
spectroscopic methods may not be
possible. In these cases, you must provide
evidence of identity based on sequence
(when appropriate) and mass spectral
characterisation.

compound

4. Biological constructs

You should provide sequencing or
functional data that validates the identity of
their biological constructs (plasmids, fusion
proteins, site-directed mutants, etc.) either
in the manuscript text or the Methods
section, as appropriate.

5. Sample purity

We request evidence of sample purity for
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each new compound. Methods for purity
analysis depend on the compound class.
For most organic and organometallic
compounds, purity may be demonstrated
by high-field TH NMR or 13C NMR data,
although elemental analysis (£0.4%) is
encouraged for small molecules. You may
use quantitative analytical methods
including chromatographic (GC, HPLC, etc.)
or electrophoretic analyses to demonstrate
purity for small molecules and polymeric
materials.

6. Spectral data

Please provide detailed spectral data for
new compounds in list form (see below) in
the Methods section. Figures containing
spectra generally will not be published as a
manuscript figure unless the data are
directly relevant to the central conclusions
of the paper. You are encouraged to
include high-quality images of spectral
data for key compounds in the
Supplementary Information. You should list
specific NMR assignments after integration
values only if they were unambiguously
determined by multidimensional NMR or
decoupling experiments. You should
provide information about how
assignments were made in a general
Methods section.

Example format for compound
characterisation data. mp: 100-102 °C (lit."f
99-101 °C); TLC (CHCIx::MeOH, 98:2 v/v): R¢
= 0.23; [a]o = -21.5 (0.1 M in n-hexane); 'H
NMR (400 MHz, CDCls): 8 9.30 (s, TH), 7.55-
7.41 (m, 6H), 5.61 (d, J = 5.5 Hz, 1H), 5.40 (d,
J =5.5Hz 1H), 4.93 (m, 1H), 4.20 (9, J = 8.5
Hz, 2H), 2.11 (s, 3H), 1.25 (t, J = 8.5 Hz,

3H); *C NMR (125 MHz, CDCl3): & 1654,
165.0, 140.5, 138.7,131.5, 129.2, 118.6, 84.2,
75.8, 66.7, 37.9, 20.1; IR (Nujol): 1765 cm-";
UV/Vis: Amax 267 nm; HRMS (m/z): [M]*
caled. for CyoH15CoNOs, 420.0406; found,
420.0412; analysis (calcd., found for
Ca0H15Ci2NOs): C (57.16, 57.22), H (3.60,



3.61), Cl (16.87, 16.88), N (3.33, 3.33), O
(19.04, 19.09).

7. Crystallographic data for small
molecules

If your manuscript is reporting new three-
dimensional structures of small molecules
from crystallographic analysis, you should
include a .cif file and a structural figure with
probability ellipsoids for publication as
Supplementary Information. These must
have been checked using the IUCR's
CheckCIF routine, and you must include a
PDF copy of the output with the
submission, together with a justification for
any alerts reported. You should submit
crystallographic data for small molecules to
the Cambridge Structural Database and the
deposition number referenced
appropriately in the manuscript. Full access
must be provided on publication.

8. Macromolecular structural data
If your manuscript is reporting new
structures, it should contain a table
summarising structural and refinement
statistics. Templates are available for such
tables describing NMR and X-ray
crystallography  data. To  facilitate
assessment of the quality of the structural
data, you should submit with the
manuscript a stereo image of a portion of
the  electron  density map  (for
crystallography  papers) or of the
superimposed lowest energy structures
(210; for NMR papers). If the reported
structure represents a novel overall fold,
you should also provide a stereo image of
the entire structure (as a backbone trace).

Registered Reports

Registered Reports are original research
articles which undergo peer-review prior to
data collection and analyses. This format is
designed to minimize publication bias and
research bias in hypothesis-driven research,
while also allowing the flexibility to conduct
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exploratory (unregistered) analyses and
report serendipitous findings. If you intend
to submit a Registered Report to Scientific
Reports, please refer to detailed guidelines
here.


http://checkcif.iucr.org/
http://www.ccdc.cam.ac.uk/
http://www.dropbox.com/s/0qoca9tdusof217/tables_nmr_f.pdf?dl=0
http://www.dropbox.com/s/eg6yz85szjto36c/tables_xray_f.pdf?dl=0
http://www.dropbox.com/s/eg6yz85szjto36c/tables_xray_f.pdf?dl=0
https://www.nature.com/srep/journal-policies/registered-reports#submission%20guidelines
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Anexo 5. Declaracao CEP
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CEP/LBCC/HAM
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DECLARAGAO

Declaramos para dos devidos fins que, de acordo com normas regimentais da Comissao
Nacional de Etica em Pesquisa envolvendo Seres Humanos (CONEP) do Ministério da
Salde , a pesquisa intitulada ESQUEMAS TERAPEUTICOS DE DENOSUMARB NO TRATAMENTO
DE TUMOR DE CELULAS GIGANTES OSSEO - REVISAO SISTEMATICA COM METANALISE de
autoria do Pesqguisador Bruno Garcia Barreto ndc é passivel de apreciagdo ética pelo
Sistema CEP/CONEP de acorde com a Resolugdo 510/16 do CNS/MS :

Paréagrafo Unico . Ndo serao registradas nem avaliadas pelo sistema CEP/CONEP:

|- Pesquisa de opinifo publica com participantes ndo identificados;

Il - Pesquisa que utilize infermacgdes de acesso publico, nos termos da Lei no 12.527, de 18
de novembro de 2011;

Il - pesquisa que utilize informagdes de dominio publico;

IV - Pesquisa censitaria;

V - Pesquisa com bancos de dados, cujas informacgdes sdo agregadas, sem possibilidade de
identificacao individual; e

VI - Pesquisa realizada exclusivamente com textos cientificos para revisdo da literatura
cientifica;

(...}

Diante do exposto, colocamo-nos a disposigéo para quaisquer outros esclarecimentos.
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