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- Incidence and epidemiology
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Primary Bane tumnoars are mre, accousting far < 0.3% of makig-
trapd feapininss registered in the TURDCARE {Burcpean Cancer
Registry basedd study en survivel and care of cances patients) dats-
brase [ 1], DEfenent bome tusnosir subtypes have distine patiorms of
Inchderwe, uned pach has o mare then 0.3 incidest cases per
100 00 per year, Ostevsarcoma (O8] and Ewing sarcome (ES)
have & relazively high incidence in the second decade of lifz, where-
ws chomdrosarcerin |C8) § more commen Jiz vlder age (2],

OF Is the At primary canodr of bone (ineidence: 03 per
100 000 per vear), The dncidence is higher in adolescents (0.8-1,1
[rer D00 000 pur year aLage 1519 yoars] [2-3]. The mabe to female
ratie s Ldil Mot ©8s of younger patients arkse in an extremity,
while the propartion of axial tumour sites increases with nge.
Risk Eactors for the cecurrence of 08 Include proviows radither-
apy [RTL, Pages discase of bone and germline genetic abnormal-
Il wsmaciated with Li-F i wyrad Wrner spnuls
Rathemund-Thomson sypndrame, Bloam spadrame and heredl-
tary retinchlastama [5].

C8 i the most frequent bene sarcoma of sdulthosd, The inel-
dence i5 ~ 0.2 per 100 000 per vear, with & median age at diagro-
adn bebween 30 andd S0 ypears. No gender predominance has been
reparbed (14, 6],

5 s thse third most commean primary malignant bope tumoar,
It oeears most Frequently in childsen and adalescents, bt is alsa
seen in adults, Medlan age at diagrosis i 15 ywars and there is a
male predaminanes (150} In white Caucasians > 25 years obd,
ES has i incidence of 0.8 per 100 800 per yenr [1=4], and 1t §s
even rarer in the African and Asian population, The genele basls
for the difference hetween ellinical groups bas been recenly
linked 1o & common genvmie gernsis varian, which extends o
micrusatellite, therey facilleating the bindiag of the FWSR)-
FLID chimeric proateis to the EGRE gene locus, leading 1o higher
expresslon of the tmnscription. foing early growth respense 2
(BGR2) and incrensed suscepelbility to B3 [7]. The most commuon
ES primary sites re the extremity borses (50% of all cases), fil-
luwod by vl ribs and vertebea, However, any bane can paten.
tadly b alfected and a soft tlssue origin Is alsn possible, especially
{ey adules {34 of mses).

Chordomas are enen earer compared with other subtypes, witk
an Incidence af ~ 0,5 per millivn per year [1-4].

High-geade spindle'plaamaorphic sarcomas af bane are a
heteragetenus group af prinvey maigras bone tumours that do
e fulfil the histobagical criteria for 4 dingnosis of OF, C8 ar B5 (2],

Gilant cell tumsour [GCT of hoar s a benign, bocally aggressive
and rerely metastatle intramadullary bene tumour somposed of
mananuclear cells and osvecelast-tke multimucleated gland cetls,
with a variable and anpredictable potentlel for aggresslve growh,
It raprasents ~ 5% af primary bone tumosrs, with an ineldence
afapprogimately | per millior per year (9]

sympiema sach as duration, intensity and timing of pain. The
presence af persistent non-mechanical bune pain, predaminantly
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w1 night, should prampt a mdiolegical rmessmuei, Swelling and
fanetional impeirment can be presént if the fumour hos pro-
gressed through the cortex and distenaded the peripsleum, hat
they are often later signs. The differentlal disgnusls of o bone sr-
carpa incud orelitls, beniga o aed here
sew all of which satnumber pritsry hooe sarcamas | 10-12]. The
Usagmanis can be strongly oriented by patient nge. Fur patients
< 3years eld, a destructive bone kesion could be Interpreted pre-
domdnantly as either mtastatle neurchlistuma v Langerhans
cell hiszloeytoals (LCH). Bar patients aged = 3 pears ald, the e
lisaod ol a primary boue skreoma ls higher, It adult petients,
uber i years of age, hone metastases and myebama are the most
cammin diagnoses [12],

Conventianal radiograph In two phanes | the st radlolagleal
Imvestigation, When the diagnesis of malignancy cannot be
excluded with certadnty on radiographs, the next gep shoubd be
magslic resonance imaging [MRI) of the whole compartment
with adjacent judnes, which is reganbed today as the best modality
for local staging af extremity and pelvic tumours [13], Computed
tamagraphy (CT) may previde addstbonal lsformaion by allosw-
Ing a betver visualisation of caleifeations, perioseal beme forma-
et and cortleal destruction. 1t is gereralty the imaglng modakity
af choice of cihwr primary sites,

All patients with a bose luslon that s Hkely to be  primary ma-
lignani hoe tumeat oo 4 mdiologbee] basis should be referred o
 bane sarcoma centre ot an Ibstinlon belonging to n special-
ised sarcoma netwark [ 14=15], Children and adalescents should
be referred to centres which in additinn e ige-specific ex-
pertise, The biopsy and the pathalugleal dagnests reguire experi-
ise n the fidd and shoubd be discussed | & mulsidisclplinary
wetilng.

The binpay of o sspected primary mallgnopt hone tumour
shivalil be enrtied out al the refesunce centre fur bone garcomas,
with & primary biopsy under the supervisien of & purgical team
wihsa will carry out the dellaitlve tumour resecthizn or by g ded-
eated Interventionsl rdlsbaglat | L4-17]. In st puilents, o core-
needle hiopsy, tken ander imaging contral, can e an appropri-
ate aleernative to apen biopsy, Contaminatlen of justounding ti-
sute should be minimised, and adequate maltiphe sampling of
represtrtntive areis must always be provided, The blopay sp-
pruach and ares af tamsair 1o be ampled are pro-determined
after muktidisclplinary review of insaging, If osteamyelltis s a dif
Errentlal diagnasis, mmples should ke sent for méeroblolagical
cubture, If required. an open bopsy should be carried vt aslng a
langitudinal inclsion, In aggressive and malignant tumioars of
bana, the blopsy traer and 1he channels thraugh which draing
bt hioent placeid muse bt idated to ba p lally ¢ i
mated arkd tivust [ater he remaved, ingether with the resection spe-
cimem, In an effart to minimise the flak of & loeal recurrence,
Theeefure, blopsy tracts should be cleary marked by mians of 2
senall incislom o an knk fabioa 1o ensiwre that the location is reeng-
nlaed at the time of the definitive procedura, In st of splial cal-
uftsn |mvalvement, lsminectomy or decompression should be
avalded unless mecessary |o relieve sploal cond compression, and
tissus sempling must be cartied aut whenever o bone sarcama ls
saspiied,

Samples mast be imerpreted by an experimced bone sarcoma
pathelogist, in collaberation with the mdéalogis, and dlscussed
in a multidisciplinary teams, The request form should be
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comnpleted with all detnils that might be relevant for disgnosls,
including patient’s age, the slte of the tamour, mdbolugical And-
ings, presence of multiple lesions, family hisory and precperative
treatmerits for surgleal specimens,

With the increasing capahility for aecurate malecular diagnnals
and nest-generation sequencing (NGS| technalogles, samples
should be quickly submisted for pathalogicsl assesenent. The
collectlin of fresl froven cissue is strongly encouraged, to enshle
miolecular dingnostics, As an alsernative, decalcification in ethyly-
nediamineteiraacetic acid (ELUA) instend of methanobe scid cas
he eonaldered, Tumour imprings (towch preparations) are waed
oy soeme, but not all, expert instiations: they might be asefied for
tasaur-specific tramslocation by Austecent in st bybrdisation
{FISH} In some Instétutions. Informed cansent far tamuour bank.
ing should be rautinely snxight as fior all mee mallgsancies, ens-
billisg later analyses for research, depending on bocal regulitions,

The asture of the bone specimm received for prthokogy
reparting should be recorded, Le, needle blapsy, curettage of ox-
cislon [e segmental resection, lmb mlvage amputation, or an.
ociber eomnplen resectiog, such s a hemipelvectomy), B bs unaadly
mioraary to decalcify the hane tumnar biapey wsing specific
standard aperating procedures The histobagleal featuees of the
timeur should be described and the tamsour type (and subtype)
specified according to the mes recent version of the World
Hewlth Organgzation (WHO) classification [18, 19]. The resulis
of relevant ancillary lrnvestigations (eg. immunnhdstachemistry
of malecular ssessments) should be accurately recorded.
Molecular disgnostic techniques currently availshle include
FISH. reverse tramscription-pelymerase chain remction (RT-
PCR] ard MGE wechnelogivs, Fxamples inclisde transbacation de-
tectlon in ES and mesenchymal CS, liocitrate dehydrogennse
UBHL and DA mutations in conventional CF and MDM2
amplification in parostenl and intramsdullary low-grade 08,

At the time of the resection of the primary tamour, the slze of
the tumour in the resecied bone should be recorded [three-
dimensional mensusement in txm) [19, 20]. The petbology re
port shoidd also describe the extent of Incad tumsawr spresd,
inchuding invelvemens of spectfic anatomscal saft tissue and bore
campartments, [ should be recorded whether the resection mar-
gims are either clear ar infilicated and the distpce of wmour
fram the nearsl resectlon mangin measured (e mm),
Photagraphs shoald be tken of the lnier speclmen aned of the
tumour dlabs sfier sawleg. & camplels, representative slah of the
turnwur, usially in the leagloudinal axis ss guided by the radio-
lugieal Inages, should be embedded in a grid manner fer miceos-
copy, This s especially relevant after neosdivant chematherapy
{CHT] to assess response, The tumeur sheuld be coded uslng
Systemitic  Nomencliare of Medlelne (SNOMED) or
:.Hai_r_:r__ Classification of DMivased for Oncology (1CD-00
cudes

Staging and risk assessment
All mevw cases af bune tamours should be formdlly discussed in g
multidisciplinary veam at o bane sarcoma referesce centre with
the radiodogiss, the pathobogiss, the surgeon, the mdlstion
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cncologial and the medical andior paedintric oncologist, The
output of the multidisciplinary dlscussion must be reconded.

Severnl saging systemd for bone lumoues are n use [20-22].
However, nene of them is perfoct ar genesally sccepiod, Tumowr
bupder {valume) and b presence of detectable metestases are
the twi madn factard that ane taken into consideration in the din.
ienl staging uf these disenses. General staging should be carried
ot 1o asseis the extent of distant disesse, Inclading bune sclmig-
raphps chest radiographs and CT (23], Whele-bady MRT #nd
pasition emission omegraphy (PET-CT ar PET-MRI are in.
croniligly used for staging (including detection of "dip’ hone
lesinnig) [24], Additional approprinte imaging studies end biap.
sied can be taken From susplciows sltes, as the oxact stgging of the
dlsease has an impactan creatmest and sutceme,

Mo specific lbaratory tees for the dingnasia of hane sireoma are
rotinily availahle. Baseline perim amalyss in B8 and OF shoald in-
dinle alkaline phingphatase (AP and Inctate debydragenase (LD},
givett dhelr proven prognostic value [25=27], Prognostic features
s finélude clinice! presentation: 4 pathalogles! fmeture may lead
ter the disseenliarion of tumour cells into sarrounding tissues and
Iiverense the rlak of local recurrence. In cases of fracture, internal fix-
atlon 1s cantralndicased s it di the tumour frther Imo
hoth bowe and saft tissues and incresses the sk of local recurremce.
Extermal splintags ls recammended,

CHY con result [o resal. caradlae and auditery dysfunction.
Eefinte stnrting the treminent, baseline renal fancting testing, as-
seamnent of cerdiac functlon [left vemiricular gection fmctian
(LYEF)] and pudlogmm {n the case of platinum dervatives)
shold b= careled out. Speem storage §s reconimended Tor male
patlents of reprodactive age. For female patbents, a fertility phys-
ledan in rowtinely consulted ahnut patential owmrian tssue sam-

pling and ervapreservation in wome but not all eountrles,
redlecting a variability of healthcare policles acrass nathana.

Given the mrity of the disease and the compleiy of mansge-
mert, the necepled standard for bona sarcomas I ireatment at
reference centras andfar within reference networks able o
provide access to the full spectrum of care and age-specific ex-
pertise (10 AL [n these cantres/meworks, therapy |s wsually
givers within either the feamewark of prospective, often collab-
arstive. clinical studies or established 1reatment protocals.
In the case of gh-grade 08, B3 or pleomorphic sarcema, fal-
lawlng binpay proven-diagnosis, primary ChT Iy generally rec-
ommended by expert centres.

Osteosarcoma

O wsually arises in the metaphysis of & long bone, mast énm-
monly arausd the kiee in children and adolescents, Invalvement
of the axial geeleton and craniofacial boses s primarily chserved
in older petiende. High-grade OF frequently metastasioes, the
lany boing the mest Peguent melastatic site by far, followed by
dstant hones.
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Conventiona] 08 s ahways high-grade, Parastenl 08s are bow-
grade mallgnanches, slihuugh they may nceease bn siee and In-
vaidie thi iredulda of b, and tratafisrm to high-grade saroama,
whireas perivsteal OF s an intermedidte-prade chondroblastic
18, sarnetimes difficult to distingudsh frams high-grade nurface
08, Advérse peeganstic ar predictive ictars for enmveitlanal 08
Inclusle ditectable primary metastases, axlel ar praximal exrem-
Iy tumous site, large temour site, devared seram AP or LDH
and obder age (11, B] |25 2a]. As mentioned showe, staging
shuuld include bocal Imoglng studies, speclioally plabn radio-
fraphs and MBS of the whale sffeced extreminy |15 AL

Curasive tréntiment af high-grade O3 conslsts of CHT and sur-
wery [ AL Gomparsd with sungery alone, multimodal ChT
Irestment of high-grade Incalised OF increases dismse-free swr-
wival probability from VoH=20% 1o > 60%, In genenad, ChT is
admindstered hefore and after surgery. although & formal prand
than ghving ChT prenpesatively imprenves survival s lacking. The
watent of histelaglcal rpons to preaperative ChT predicts st
vival [25-27].

Low-grade pazostes] Ofs are malignancies with a lnwer meta-
statie patertial nisd shoubd he wreated by sargery alose [1V, B,
Although ChT hes been used for perinsteal O8s, no henefi fiar
CRT waa shawn [n retrospective analyses [28-30], and i e i
nod routinely recommendied in this seiting |1V, D).

Surgery should e carrled out by a surgical eam mmiliar with
the wide range af surgical reconstructive options. Paediairic and
adolescens paslents seed 10 be treated by sumpecns with great ex-
perience In the field af paediatde bane tumeurs, Inclading age-
apecific teconsttisction challenges, such as the reconsiructian of
jgrawing bones, Thie gual of sungery i bo safely résnivve the tumour
and yet preserve as much functlan & possihle, striviig o obtaln
mderoscopically clear cargleal manging [27], Maost patlents sheuld
be cunildered eandidates fur Hmb salvage, Eitbier Entralesional ar
maarginal margin increase the local rebipsa rate, which is sssociated
with redusced uverall survival. Thus, chear manging are the first geal
of surgery [[1, B]. Areas where there |s suspicion of dess margins
shoudd e eackied an the surgloal specimien sent o prthalngy.

Pathodogical fracture does ot wecessarily necesstiate an amp-
ttion, In chemuosensitive tamours, primany necadjuvant ChT
can be wsed with the expectation that it will ellaw the fracture
haematame fo contract and dlow subsequent resection af the tu-
st sl 1hse levalved soff dssues |30].

Dngprubdetn, eliplacin, high-dese methatrezsde (HID-MTX)
anil [Fosfamide bave amibamour acivity in OF |1, A] [¥2=
35, The MAP {donorubicindclaplatin/HT-M1X) regimen s
myat frequeily used a3 the hasls of reatmint i children
anl yeurg adult patlents [30]; bowever, HD-MTX can be
difficult tn menage In aduls, ln patiests aged = 40, regl-
mns combining doxarwbiein, cisplatin and fusfambde with-
ot HD-MTX can also be sed in these patients (101, B]
[33=36]. These drugs shauk) be administered with adequate
supperiive aee by experlenced pankistrle oncolaglies or
middeal eneologise ol reference [nslitutions with appropriate
infrastmictare and o eubidiselplivary treatment approach,
Mest current protocols Indude a period of preaperative
CHT, e fuciliiate local sargical treatmens and Lo aBow (ke
aspnsizent of tumeour eesponse [32-41), The BURAMOS |
prospective  trial aimed to establich  whether  PEGylated
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Interferon alphs-2n (PEG-I¥Na-2b), in sddstian to standand
MAF CHT given postoperativey, goall dmprove ougeme In
patients witk ool hiskological pespome S0 preoperative
MAP. The results showed that many patients filed e glart
and complete Interfernn treatment, and there was no sigadf-
cant averall survival advatage [1, Cf [34, 35). The sudy
alser evaluated I lterisg postaperative ChT in poor mespond-
ers bo precperative syibernic therapy might have any impact
an aubcsme, and, again, no survival benefit was proven, In
case of poar pathobagical responiie to the preaperative MAP
reflmim, the postoperative sddition of iosfamide and etopa-
wide ta MAP filed to improve the susvisnl and inceeased the
ridk of scandary malignancy compared with those pationes
treatind with the MAP regimen oaly |1, C] [34]. Whenever
possible, patients with 08 shoald receive Ch I the conter
afl prrspective studie.

Innate immune-modalatian has beas stempind in OF with
ather agents, in particalar musamyl tipepeide, As deseribed
aberve, the wse of interferon filed vo show & warvival advaniage in
patients with o gond hieiologlcal responss ta an MAP-
preaperative reglmen, Micrumyl iripeptide added i postope-
tlve T was assoclated with a sigalficant sdvaringe | averll
warvival and a non-significant trend i event-froe survival in one
large randemised erial [T, C] [41]. Murnmpd tipeptide bas been
approved in Burope for patiends < 30 yoars of age with complete-
Ty vesected Jocalised O, bat It §s vot refmbupsed in all Baropean
enunttles, There ls ne consermus in the sareomn cammunkty on
tha use of this drisg, dust to weakiesses I the daba fram the andy
trial currently available [41, 42). Further stodies are needed 1w
identlify any subgroup of prtients who could henefit from im-
s mevl g agenes,

Dryeumic MRI is eellahle for evalustian of changes [n tunsaur
vascularity smd bo give additionnl infarmatlon on tumour re-
spunie b primary Ch'l 43, 44). The value of diffusion MR &
currently under evaloation [44].

The multimadal treatment principhes detalled shove were gen-
ernbed In children, adnlescents and youeg adults with high-grade
cuntral OF, but akes relate to aclube [0, B], Adubt paslbents may re-
quire tallared régimens, dapecally as fr as HD-MTE B con-
cerned, | particular for thase aged = 40 veara. Some studles bave
et d theeshold af 22 yedrs of nge o remeve HIRMTX from the
Induction reglenen [45], while others ineluded HI-MTX for
alder patiemte [46]. Daxordhicln plus cliplatln and'ar ffosfamdde
are cummonly used with age-adapted doses. Recently, the add-
It of aeledronde acld was tested in o rendamised setting and
falled 10 densnnsrnte an lmiprovemant in relapse-free ar cverall
survbvil or hisbologieal respomse. 1ts use Iy, therefare, nat recom-
s euasiide elinical trinls |1 1),

In genural, there s no indication far KT, bue tbete are anatom-
Ical bocations In which the possibility of complete surgloal resec-
thom is [Lmited, In these cases, after o multhllsclptinary dlscassion,
KT may be an aptian oy to exiend the progresson-free ntee-
val. This must be discisased in a multidisciplinary team bafuore-
haieed and with the patient, and it should be made clear az the rime
of surgery that the goal is not an RO resection {excision whose
maargina are clear of tumiar cells) ¥, G, Mew RT Lechnigues
[eg. protan and casban ban beam BT} showdd be conaldered, par-
Heulardy for ansesectable primary fansoun [47].

el | Casall et al,

Volume 25 | Supplerrent 4 | October 2018

CEURL WOUE PR

PRI e

BT My £0 U0 ysant Ag oSEEE S



Annals of Oncology

Primary metnstatic OF packents ane treated with a curative in-
tent follawing the sans princkples of nos-metestatic OSs |42). In
fact, there are subsets of patimis who can have a very similar
progreosis 1o thot of localived disease, provided surgical remaval
al all kitown maetastatic depasits is achiewmble J1L 8] |49].
Approximately 25% of sll patlenss with primery metastatic 05
ane > 40 of those whv acldive 4 complete sargicl remission
may berame long-term surdvoon.

High-grade craninfacial 0% should be treated the meme way ns
luigh-grade 0% of ather Lscations, although prospective eddence
s lecking due to the shsence of selectlve clinleal studies bn this pa-
tiestt papulation [V, B], PET-CT scanning eay be sdvancageois
Far resporse nasesment [30]. BT, preferably within clinical stud-
les, can be proposed when complete surgery {5 not feasthle [1V,
BY. The value af pratandcarhon lan beans BT in tlsls setting ds cur-
reaitly ander study. Adfuvent KT follvws the same recommenda-
hans s that for nther sives (see ahewve),

The management of recurrent 08 needs to mke into account
the timing of recurrenies/metnstases, the number of metastnics
aril the metastatic sltes. O scan can over- anid wnder-estimate
the pumber of pulmonary metastasss, bat the recent results hove
imyprowed with piral CT. The treatisient of recurrent OF is pri-
marily sargical I the case of isolabed lang metastases, Complete
remaval of all motastases muast be attempied [10L B), as the dis-
eaee I oiherwise almost universally Rl more than & thled af
patlents with a complete second susgical rembsslon sarvive for
> Syears [51]. Even putlents with subsequent recuiftences may
he cureid as bong as recurrences are resectahle, nnd repeated thom-
catarhies are siten warratted |31], Por lung metrtnses, stereo-
et BT, radiafrequency ablation or copetherapy might be used
&4 abternative options lo patlents wnit for surgery [IV, B). Some
groups glsa consider sadisfrequency ablatien [52, 53} and steren-
tactie BT [54] 12 be potenibad alterrative local trentment optlong
fusr primary lurg os bahe mictastases [57-54].

The rule of second-line chematherapy for recursest ©8 s
much bess wel defined. Ureatenens cholos may take inba aceount
the prine disemse-free interval, amd oftes includes Hosfamide ar
cyclophaosphamide, passilsly in asociation with stoposide sndior
carbuplain (11 B]; other sctive drugs snd combinations ircads
gemcitahing and docetawel {1V, C], srafenib [11); B] or regarafe-
aills (1L, B, as well as samariue {""'Sm); the evidense for Ses
drugs is limited and there are relmbursement consraines [55-5a],
Ery the wos Inrgest reported series, the use of second-tine ChT coeve-
It withs Eimited prolorgation of survival in patients with imoper-
ahle metastatic recarrences, while a positive carrelation in aperalile
disense was cheerved In anly e of the twa (49, 500, However,
radiclaglcal responses and ellnical benefis are commandy winessed
an bt kv s sheuld be considered |1V, B).

RT may biwve 2 rale in palliatien, In genersd; deplie secend-
lire treatmeni, the prognosis of recisrrent dissass has remalned
pisar, _rsr a boisg-term post-relpsr survival ride of < 30% (44,
49,511,

Ewing sarcoma

ES is a smyadl, hlue, round eell tunoiss, perlodic ecid-Schiff (PAS)
posisive and CDY9 (MICI)-pasitive, All Sy are high-grade
tumaure. They can arlse bath fram hone, soft tssuss ar viscenl
sites. displaying the same behaviour is princple,

The definitive diagnosls is made by blopsy, providing sufficlen:
materidl for conventlonal hilstology, immunokismodsemisiey,
muleculer pathidogy aml bichanking, Moleoular biology studies
have shown that gimest all of these tamaurs share a common
TET-ETE gene rrarcangement involving the TWER! gene on
chramosane 22 [R1=h4]. In mne cases, this involves & reciprecsl
transbocation W X)gd q30 [47) bat f120: 2201923 q12),
arvd uthers may sl ecour [#7; 22), 0007 220 and 2 22)] |61-
64], In rucent yeass, new imall round cell sarcoma endities hawe
been recogrived, with movel manalocations, smang which BUZLE
enrpraians (HCOR - rearranged iarcoma preferentially affects
the bae. (iber examples of rectrrent molecubar alteratinns
found in these ealignancles include EWS RNA binding protein
I——nuekear Bactor of activabed T cells X (FWSRI-NEATCY), FUS
RMA binding protelpe—nuclear fctor of detivared T cells 2 (FLS-
NFATCL), eapleua transcriptiong] repressor—Farkhend bex 04
(CIC-FONO4) pe caploon seanseriptional  pepressor—douhle
bameaben 4 (CIC-DUXA ranslocations (see Table 1} |65-47].

Curseitt investlgaibons have shawn that tumour bialogy and
praginils of these tamnurs, which are probably different noso-
logical entities rather than maleculor wirdants, actislly differ
framy classical ES, making molecalar testlng  macdatary.
Carvenly, patients preseiting with these varians are treated
with Esing-like tegimeny, althaugh their best treatment and even
their natural history are poorly kepwen [e5-67]. Inelusion in pro-
speciive regittries is worthwhile [a Europein Heference Metworks
on adult rare solid cancers (EURACAN] sarcomn projecs &
pamned].

Although most BS tumoars can be recagnlsed with chissical
haematoxylin and eowin [H&E} stain, immunohbschemistry
malecilar confirmation s maisdatary for the kentlfication of the
clnsales] and distinet modeculsr shtypes s desesihed abewve (101,
Al [18; 62=6T]. The |eburatory shauld b eiinolled in an external
queality dssurancs programme, When fromen tisue is available,
techidques that identify both fuslon partners (ie RT-PCR or
anchored. maltiples PCR-baped, tirgeted RGS) are the techni-
ques of chinice. The larter can alio be applied to non-decalelibed
or EIFTA-decaleifiod, Gormalin-Hzed porafin-embedded (FFPE
s, FISH |8 0 good chaice when only FFPE tasue |ar touch
preparatinbs (Emprints]| are svailable. There are several commer-
clal sources for EWSR1 break-apary probes, Assays using EWERI
breali-apart probes do pat detect EWS-FLIT fuslans, bt anly
EWSHI rearmpgements, which shauld mot be a problem when
interpreted in the approprate clinical and pathalogienl context.
K& dhould be conmidersd when noe plead trenslotion bhas
ben detected by conventional gethads.

Bome marrow hinpsies and asplentes (feem slbes distant 1o the
priary of knowis melastte ledans) may be considened in the
staging, bt peveral expurts undsrling that thare s & very low ind-
dirice af bune Marsny metistases in localisd disease IF the PET
sedn [ negative (e8], The added prognostic value of maleculer
paltivity aver gt mécroscaple evalumtbon has non vet been pro-
wen [TV, C1,

Betwieers 0% and 25 of patlents are disgnosed with medastat-
ie disense |lung {10%); bonefone marrow {10%) combinations
ot athers {5%)] [p9, 20], Slaging must be orlented 1o detect lung
berne ansl bans martew metnstases and should incsde Blopsy in
case af daubiful ledoms, Mubiple bane melastases comfer a
pauser outcomse than hing/plearal | 30% comparned
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readlier.

wiith 20%—10%: S-yeer survlval), ibver knows adverse prognes-
He factars are labge tumour size or volume, devated serum LOH
levels, nom-extremity localisatlon and age = 15 years. A poor
histological response 1o preaperative ChT and incomplete or no
surgery for local therapy are Further sdverse pragnostic fclars
[71=75]. The mokcalar sraciure of the EWSHI fasion tran-
seripis bas mab hien shewn ta be of progoastie value with ¢usnent
Heptment protocols, Genomic aralysls with the asstesment of copy
ninsher variation bas heen shown fo be of prognosthc value [75,
7a), i addition, STAGE, TP5) and CIKN2A nautations canfer
pearer autcoamed. Witk surgesy or KT alone, Le. withaut sysemic
treamerls, S-wenr sarvival was < 109, Witk the carrenily recam-
miervled multimodal appreaches including ChT, S=vear survival is
-~ B%-75% in locallsed and ~ 20%-—40 |n etnstntic disoase, re-
spectively, depeniding an meiastatic shies and burden (Figare 21

Current iriads eonplay 26 cycles ol inlilal combinadon ChT
adver hiapay, fdlowed by locel therapy, and anather =10 cpcles of
CHT, weially applied at 2- to doweek imervals. Trestment dur-
ation 1s thus 10=12 manths, Agents canaidered to be most actin
imclude daxemableln, crelophosphamide, afamide, vnerlsting
dagtbnemyeln aind eloposide | 77-81]. Almnse all active protacals
are hased on fve- (o alz-drug comblnatians of these sl

[0, Al Ikuse-dende reglmens [with interval compression) were
sasaclited with a positle eutcomse i paediaric and adolescens
(<18years) patienis In 2 prospective Morb American shady
|11, B] [A2].

The uie of kigh-dase CHT with escalited alkylating agent dose
and hlood stemn cell rescue has attracted much attention in BS
sivee the 1970 Ondy recently have the results of randomised
stindies with bupalfan amd melphabin (Bubdel) indicated that this
approach resubis In o survlvil advaniage for vightly defined and
highly selected patients with pear response 1o induction ChT
anidar tumour valume > 200 mL (1, B] [k3, &4, No soch advan-
e s rvient fiar paiencs preseting with pulmonary measta:
aew [0, 1] (Flguse 10,

S dn @ radiosensitlve tamour 01 lower doses than O34, The goal
of loeal therapy for the pricnary tuenodr is to ensare 1has the en-
Hre vodume of tuue invelved at dingnosls |s irested, Complete
sungicnl exclsdon, where feadlble; is regarded ae ths bst modality
uf bocal cantrol ghven the higher riak of Tocal recurrence when BT
{5 used ne the sale creatmend of the primary tamour, Surgery mus
lewalve exciilon of afl tiowes arginally invalved with tumour
(vt just the tanie that s left wfter ChT shrinkage] ar be sipple-
mented by AT. AT alene iin the rarge of 43=60 Gy, Jepending on
loewtban} showld be appliad if complite sungical exclslon [x lm-
pealbde, Pastapsraiive KT should be given in cises ol insdequate
swrgienl margins drd discassed when histologicnl respanse i the
sngécal specimen was pong (e > (1% viable tumour cells} [IV,

WV
~ Siaging: CT scan, PET scan,

Flgurs 1. Gereral diagrasiic swategy for Done sanoomas.
B, ke mamoe; CT, compubed tomagraghy; MR magrask: reson:
ance maging, PET, poskron embalon amograpiy.

Bl [78]. The dos of pastaperative [T bs alio 45-60 Oy, depenid-
ing ne margina, fespanse and bacation, Imralesianal surgery must
e avoided, as there ls na benefis when compared with RT slune
[78], Change |n the siee of the soft thisne masa i caily evalumted
ot MRT and is ¢ goad predioer of nemour sesponee [43, 44].
Dynaric MR is ot as reliable as in 08 [44]. a8 remalnlng snall
tamnur freci may oot he detected. Sequentlal FDG-FET evalu-
wtien mighe be of additions] value [£5].

Thu treatmans af adule patlents folless the snme principles =
for children, However, iedermbility of therapies in older patients
needs o be laken inls account when lransforring cretment
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Figuare 2. Geernl thesriapmsthe. sirategy for the traee most iequird hons SImmas
*The traatroen of prirmary bone sarcoma miest e caerind cus i hone saetoma ieference centre.

"Dlepend.ng on the chondesacoma subbype, teatrrent can be soegpery, recadiucart and sdiuant CHT o AT,
Bube], buraalfan and mefpbalar; OhT, dhesnolbeegny; 8T, sadiotheapy
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pratocals conctived for children and patlents of age = d0-
Sopents, Treatrnent of paticngs with extraskeletnl BS follows the
same principles s for bone B2, thus incomporating ChT in all
cases a8 well a8 postaperative BT in most cases, with the possible
exceptlen af supedficlel Leslons, For extraskeletal ES, postopera-
tive BT ds generally ased, with the possible exceptian of good
prognngis, superficial ES,

Patlents with motastases ot dingnosis are treated with the same
trvatmunt apprasch ag patients wich lockised disense but have a
wugsd prognoels, I patlesis with leng meastsses, whele-Jusg Ie-
radiation may eonder n murvival advainge [, ©] [286]. The role af
wurgical ressetion of resldual metasases ik ess well defined.

Pur patients presenting with extra-pulmonary metasiass.
aurvival i even worse { < 36%) [87]. ChT is similar 1o that for
loeallsed disesse but sesponies are less durable. Trestment of
the primary tuitiour s often appropelave, especially n the pres-
enee of responding metastatic disease, Thera [ o foermel evi-
demce fur high-doge ChT in this situatian; therefore, practices
diverge among centres. Ne mndomised studies have been
teported lor this appraach,

Toecurrent BS, whethier local or with distaen metasases, bs almnst
akwmy Eatal, evert though farther resporses ta CHT are froquent
and vabuabde, The only prognostic facior identified in relapsed
patiends secems w0 be Hme te rapse: patients relapsing later
than 3 years [mem dndilal diagunsls have a betier oucome [BR].
Dogomablein therapy Is asually ro banger femalble due to previcusly
achieved cumulative doses, ChT reglimens In pelapee situatlons ase
et stapdardised and inchide alkylating ngems [ eyclaphoasphamide
sl high-dose [fosfumidel in combination with topeisonyers:
Ieshibitnes (eteposlde and topotecan), Irinotecan with temorala-
mlile |IIL B} ar gemeitabics diwd docetaxel, or high-dose lleafamice
or enrhoplatin with etapeside [Re, 50, The relalive plvasinges ef
these different regimens are curtenily heing tesed in an inter-
rational rendomised study [Furapean Organisation for Besearch
anid Treatmend of Cancer (BORTC) irial 1403 Eurvpenn Clinical
“Telald Dhrtabase {BudraCTlh 2014-0000559- 99 SRCT S5 57904].

High-grade spindle/pleomorphic sarcomas of bone

Pleansorphie suscomus of bone comsprize n disgnnstically heternge-
neois grovp of makighant fumouss inchiding undiffereniiated
pleemorphic sarcuma [8], They arlse in a similar age group to C8,
Iaut tha sbelietnd llsteibution bs mere like O8, They typically present
with pain and have o Blgh Incldence of fractares at presentatinn.
They represenit hetween 2% anid 5% of prinsry hore mallgnascies,
Mubes are mnre frequenily affected than females An sssociation
with pre-exifling disease  Paget dlsease o bon infarct) or histary
af previous irendiation has been reparted, [t s ot ursisual for &
wpinelle cell sarcoma to be fowund 1o be elther o dedifferentiated C8
ar 08 after exarnlaing fariler different sectlons af the esection,
"Therefore, the dingnosis should he estiblished in 4 maliddiseiplia-
ary secting and LDH mistalien analysds shoald be cansidered when
the raudiolugienl imags sagge 4 U3,

Meamarphie ssreamas typleally present & olider patlents with a
htic lewing in howe, A metastatic lesloa |s aften a differential dingna-
ils Full saglng and biopsy are required to reach o disgnesis,
Pathalogical fraciuses are comman and, a6 mentioned in the letro-
dusetion, svould mot endesgo internal fxetion 91, 2], Treatment
sirwegies mlmic those of 08, with ChT and complese #n bloc

Annals of Oncoloagy

resection induding any soft tissue comporent. Theds sensitivicy to
T i pusarky known, and studies oo specific histalogies s curtently
chillmweil [especially after reapprwisal of hisologies previously knawn
s malignant Shrous Ristioeytems [MEH)], are highly required. BT
may be cansidered in inopersble kedans, A globed effort 1o callect
these cases would be helpfil ie extablish diagoestic anel prognestic
criteria ps well as recarrmended treatments, far the whobe group 18
weudl as far the differeent hlshlogles,

Chondrosarcoma

Mest C3z arlse as primary mallgnant tumsours. The majority of
T34 are low-grade, locally aggresslve, non-metadtasising sumaurs
(atypical cartilaginous tuimoun'CE grade 1), miber than high
grade (grodes 11=101) |18, 53]. Grade 1 CSs can be labelbed atypical
cartilaginous tumours, as curvently deficed by the WHO 2013
chassifieation, since they uswally do nat metastisise [ 18], Grade 1
CSa may be treabed with BT when lecated at critical sltes such as
the sleull base. Most CSe arise centrally in the metaphyseal reglon
of Iniag banes, hiat they can dlen devalop In fa boaes such os pel-
vl rib ansl seapube. High-gmide C8 frequanaly arises in the asial
sheletors amd leng boses, (3 cam atlse i pre-cxisting benign
lesions swch a8 enchonidrema and esteochandemma (&), In thess
circumistances, they are referred Lo o secoradary central CHe and
secondary periphenal Cls, respeetively, The magority af G55 are of
the conventional sibtype, but rarer subtypes inchide mesenchy-
mal and clear cull €333, 94], In rare ¢ircumstances, conventban-
al Gl can “dedilferentise’ inie o vory high-grade lamour with &
dismal prognosls the eo-called dedifferentiated C5 [33, 94
Most CSs are solitary, hut they can oocur s enultiple lesdong
in spedeamsde patiests with maltiple ceteachandramas and
echandromatasls [6],

Piin % the site af a cantilaginuus lesion may be an indicatar of
malignarcy. In the cae oFC3, & cantrust-pkagoed MR can reveal
high-greade areas, This provides a vsesl goide to the slie of Bapsy
[95], Fur large axial and pebvic C8, heterogeneity b commats, and
st Jesiomi cansain high-grads demers, The differentimian be-
tween bertign enchandroma or aswwchandrar and atyplcal car-
tilagimous uenmeur/CH grade | can be dilficult, b con be alded by
the s of dynamlc conirist-emhanced MU [96]. 15 the phalanges
of the hards and feet, malignancy |s extremely tare, but in the ather
liseng bsnies carstrnd castlliginuus |ebans ahubd be considered atpp-
ical cartilagimeous tamaur unless proven etherstie [94].

tnoperable, loeally advanced and metastatic high-grade Chs
liave 4 pooe progaols [57]. Prognosis depends on histologleal
prade. However, histelagical chaslfication ls subject i vardahllisy
in interpretstion, with grae (1 and 1 C3a ofien grouped to-
jethvar, even though there bs o wide specirem of auicome and hes-
erngeneity of grade chements withln tumours [74]. Alse, grade 1
numougs (atyjpioil cartilagineas tumnuee) are sot nsceiarlly oae-
able In all canes, nualaly due 1o probleiils Incal reeurnence or
progression to high prade Cenversely, dedifferentinted 5 in
paricular are aggresdive snd fraquanily metastastie [23, 54,

Aasensingg the grade of C8s 8 dilficult and discrepar dlagnoses
are eomenon even amang experts |93, Atypleal cardliginaus
tamauss are anbikely to metnstasise, but may recur boeally.
Atvpical earilaglanis wumeurs in the log bones of the limbs
e managed by curettage with or withowt loeal sdjevang leg phe-
nal, cement and cryutherapy), with a high chance of socgess,
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Low-grade peripheral Cfa (arlsleg from  osteochandromas)
shauld be surgically excised, almbng to exclie the amosre with a
covering of nusmal thsue over it Higher-grade CSa {grade [T aml
(11} and &l C8s of the pelvis or azial skebeton should be surglcally
exclsed with wide msangin [TV, B].

Evidence suggests that mesenchymal €5 b more sensitive to
CHT and therefare usually comsllernd for adjuvant or neoadiu-
vant therapy [V, ] [98, 99]. Most authors suggest 8 Ewing-type
CWT reglenen,

DiendilTisrentiabed C4 is often iredbed s a high-grade bone samona,
with systetrile aiwd bacal theraples that need fo be adapted 10 prtlent’s
age [V, C] 100, 101 ], There ls d very high risk oflocal recurrersce fol-
fawing excisan of dediiferentiated CF, particularly in the presence
af o patkedogical fracture. If wide margine cannot be reliably
achived with limb sabvage, ampusation sheuld be considerad.

The role of BT in C8 & Emited, bt may be apprapeiate in highty
eelected caset ar far pallintion, Excellent outenmes have bien
repurted for skull Base Cls with high-dose RT, induilding protan or
carbaon lon beam BT, ackieving 804-50% local contral mbed |102),

With regard ta ChT, drags sctive in sarcomas such as doxn-
ruhizin and ifosfamide may prove active ln C3, especlally in ligh-
gride leslovw [97]. The activiey af gemciiabine ln combinasion
with docetaxel s been reported [ 103].

Glant cell tumour of bane

GET oof bane bs o benign, Incally aggressive and rarely metisalic
tumeur of the geeletan |9, 104]. GET 5 classlfied in the inter-
miedlate category, a8 GCT can be aggressive and recuss Jocally in
up 1o 30% of cases [9, 1], Solt tissae extension I significamtly
nsmociabel with the risk of local recurrence. Up 1o 3% of GCTe
mctnsbagbes o the lungs, and taosformation te o high-grade ma-
ligmancy though debated, may oecur in 1%=1% of patients, GCTs
af hone contain mutations |n the HAFAA gene {predeminanmtly st
the G posttion) which can be detecte] welig matation analysls
ar immunchisocheamlstry useng mutstbon-specific antibodies
[104, 105],

Treatment aptions indude i o excliion (1%, A] &nd intrale-
sdonnl curetinge with of withowt adjwvant ls carefally selected
cnses. These have been assessed in a fow prospective studies [ 106,
107, Denvsamab, & kuman moroclonal antibody to recepior ac-
it of muclear factor kappa B ligand {RANKL}, knwsm to be
overexpressed in GO, i standurd treatment in unreisctable or
mietastatic GET (UL A] [107], Its use bn the meoad juvamt settlg s
debated and shauld be carrled et exclusively in expe: centres,
arel ddeally within a clinleal tral. There Is increasing avidence
that, If belrg used preaperatively and before curetings, suirgery is
Isent carried aust fier a few months of treatment, a8 atherwise ex-
tensive asalficatlon may take place, making 1t difficult to define
the extenit af the beslen |V, C] [108]. It ean also he usd in unre-
wectable disease and rare metagtatic disense. [n this seiting, rewd-
mint imtereaption |y usually Solkowed by progressien, so that
Lreatment needs i he maintalmed [109], Patentia maxillar and
skeletul side effects need to be monltnsed (aseanecraals of the
Jaw, atypleal fractares), The optimaad schedule and duration af
treatment with denosumab in surghenlly unsalvagemble GCTw is
Atll o be sertbed, and the possibde lung-term side efects are still
largely unknuwm,
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T can prowide a sstisfactary bocal comtral by GCT {S<year con-
tral petw of BORG) |1 00]. Hiowever, the uss of raslletherapy can be
asexciabed with a ridk of GCT transformation inte o high-grade
sarénma and ¢an make sungical resection challenging if required.
Therefare, the iste of BT in GCTe should u—i-_ﬂu e disoaased i a
mnlthiEisciplinary setting anil be limbted ta cnses in which surgery
Tele du uraccupiable msorbidity and denosumab Is ineffective or
contraindicated [TV, D),

Chordorma

Chondomia i a fare bene bemowr lincidemos 0,1 per 100 000 per
vear) arising from the persislent nolochordal dements in the
spine {pomaim $0% and hones fram the nvohlle spine 200} and in
tive shisd] bane { 30%), Extrasieletal cases are extremely pare.

Muillan oge 2 60 yoars, bt ikall base preserstations con olsc af
fect & younger population, induding children ans adolocenis
Canventivnz] chorduma is o low-grade, Jocally-invasive malig-
natey. Imenunchistockemistry nucless posltlvity for Brachypary
s thee dlagnestic hallmark and its assessment is strangly recem-
mernled [111], Dadiferantlated chonlomas secount for less than
5% of all cases and behave more aggressively than the conven-
tintal counterpart. I ewpression can be lost in dedifferentiated
chordama. Approximately 30% of patients with chardama will
develop metastases, asually late in the natwral history of the dis-
ensie, nid mestly afier loeal pecarrenie,

Becaose af the uxirame tarity and the challerging slies of ori-
gin. chordoma management should be carried out st referead
centred adior refereal netwosks, with a pubidisciplinary team
Igselading expert patholagias, adicloglits, dedicated surgenns,
redlavion ancologlits with access to hadeon Tacdlitien, medbeal
unielugiets anal & palllative care e,

Loscal stoging shiuld be carrbed aut by MRL Chorduma should
he differentiated from henlgn wotachoedal cell tumers, henign
lesinisy with peculiar radindogleal feanimes belleved o be chor-
domsa precursers [112], 1F radiolagical appearance bs iypical for
benign nntochotdal cell tumoars, blapsy i rot Fecommended
unless the lesion changes over time. Pur chordoma, preaperative
corp-needle hiopey 1s recommended and the biopsy track needs
e e includdind i1 the surglcal pesectian. Far skull hist chordosma,
preaperative biapsy |8 wol recommended iFthe tumeur canmal be
reached enslly or safely, ar if there is & bigh dsk of wmoar cell
sewiling [V, C) [113],

En plo; KO resection ls the recommended treatment, wisen fma-
Ibde and sequelne are scoepted hy she patient [IV, B]. The
exprched S-yrar recarrence-free parvival & = 50%. Ror saceal
churdomn, surgery showlid definitaly be offured a6 o firs cholee in
case of leswng erlsing fram 54 (seral spined nerve 45 and beluw,
[t ahealid abwiys be discussed in the contest of oiber alternatives
Far iranars atiginating abeve 83 (secral apinal nerve 3), glven
the neurnlogleal sequelne associated 10 surgleal resection, For
shuall base and upper cervical tragk chardema, RO resection can
raredy be done. I [microloopic postiive marging dhould be the
gl of surgery in ihese cises [V, B], Adjuvam BT shoubd always
ba eensidered for skull base and cervical spine chordomns, and
far sacral amd mnkile splse choedoma iF BLL-resected cherdamsa s
ohuervied In the fimad pathalogieal examinatng,

1F o Blpe RO resection & not feasdble, the patient is inoperable
ur gurgleal sequiclae are not accepted by the patient, definitive BT
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alnie {without debulking] is wn alberiatlve [V, C]. Particle ther-
#py (high-dose protons ar casbon icns) provide o better bcal
canarl, survlvnl wnid allow bower doses to be given ta normal tis
sues g ghould, therefore, be considered the treatment of chaice
[V, Bl [0 115), Very conformal phaton |rradiation should
oaly he proposed when simdlar doss unifoemivy witbin the et
vulumie and dose oo crgand at Hik can he achleved |V, B Duw e
the relative radiation resistance of chirdomas, £ high dose [up 1o
at loask 74 GyE in conventional frectionatian (1.8=1 GyE] for
phiton dnd prabon therapy| is required.

The e of nenadfuvant BT should be discnsed with the single
patient and praspective studies encouraged,

Local pelapse his extremely povr survival rabes and local
conitral 1s rarely schievble, 1o the case of local relapse, possible
salvage trentment can inclide surgery amdior BT andior eadia-
frequency ablations andiof sysemic trentment, balanelsg mar-
bidity, quality of [ife and expected disemse camrol [116],

Tor aligemetastatic dissise, surgery, tadicfrequency ablations
of stereatactic rmidithon can be conildered in selected cases, T
s Insctive and is generally not recommendad [V, 0], Al eacep-
ticn can he high-grade dedifferentioted charidoma (aneedetal
respanses to Ch'T have hean reparted). Thene |s uncantrolled evi-
dence thas imatinib and sorafenih can be beneficial in advanced
chardama in torms af progresson-free parvival and malaly non-
dimenséanal tanour resporses [117-11%], There are dats on the
activity of epldering growth faciar receprtar and mammaekien tar-
get af mpamycin (mTOR) Ishibitars, Prospective studies are
argaleg.

Fellow-up is deslgned to detect elther local recuemence of miena-
static dismase af & time when easly irdatmnent b still possihle and
might be efectivie. Follow.ip of high-grade tumosirs should Is-
ke bath a plvslcal examination of the tumeur site and assess-
ment of the Rinctlen and pussible complications of any
reconstruction, Local lmaging and chist X-papfCT could be o
prapaed strategy, Steict rules canmot he prevdded in the shamen
of any formal praspective studies, aned in the context of differing
epimlens in this panel of sxperte A necaminsended fallew-up pol-
ey mny fereses inservali berween checks after the completion of
ChT, approximitely every 3 monthe for the el 3years) every
6 muantha for yedrs 1=% every =12 fonths for yeass 3=10, asd
therenfter every 051 veats accarding tn local practice and ciher
fagtars, Chast CT. If used inscead of chest Xerays, shoulid be car-
rieid out with lew-dose, mdiatun-sparing techniques, particular-
Iy In younger patlenss wha will have ¢ kigher lielme risk o
experience second, radiation induced malignanciee.

s the case af Jow-grade bone sareoms, the frequency of
Fullew-1pp vislts mwy be lower (g, & inorths for 2 years and then
annaally), Late masioics g well 3 local recusrences and func
tlanal deflelts may oceur > 10 years alter dlagnosis and there &
ne univerdally acéepted stopping polnt far tamour survedllanee,

In E8, where nsseous mietnstises are kikely, lsotope hone stian-
ning ean ke ased n additlon fo X-my Imaging bt should be
wulghud againg the sdditlonal mdiar posare, partlcularly in
younger patients, More modern wechniques (a4 FET ar whale-

w88 | Casali et al,
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by BRI} are Increasingly being adopted insn routine practice
but reulre fusther evaluntian n cligieal srials, This s a gereral
prioiey far all cancens,

There {5 a lack of consensus amony exprts sbout aptimal
fllow-up policies, taking ierto consideredion the specific risk and
perfarmanse of systemstic Imaging follow.up regarding the -
ign and leng-term rik of semnd cancerns. Sonse panellists pro-
pase Gemonthly followsup, wheres others suggest 3-manth
intervale Sume propase inberruplion of syslematic follow-up at
§ yewrs, while athers malniain it beyond 10 years. National gubde-
lines pay alen be different noross countries | 120], The lack of cot-
st asd the very llmited rumber of prospective trials point 1o
the need to generate prospeciive <linlcal criaks on this tople dn the
Turiame,

It I= important to évalunbe the lang-teeim taxle cffects aff ChT,
wirgery and BT for cured patients, glvin the mcidence of late
eomplicatings, Monlioring far lae effecn should be contivaed
fisr = |0 ywars after treattnent, Sepanaling en the ChT protocal
anil redistion wsed and in corjunctiun seth lote effects services
whes available. Long-term cardize evaluatian is of majer impon-
ance snee [t has been shetwn that detesiarstion af cardinc
fanetian can stlll eecor decades after anthmacreline trentimsent
[120=122],

Secondary cancers may arise bn survivuss of buse saccomns, <f-
ther relased Lo, ur independent af, iradiation, Secomdary leukne:
min, pericularly acwte myelold lewkiemds, may vy he
observed followlng ChT, s carly a3 2<5yenrs after treatment.
Develnpments I genebe understasding of hone sereoms point
to the importance of obtaining a detalel Gmily histary and of
genetlc evalustsan in high-risk families. Patiants with carcer pre-
dispesition.  syndronyes (g Li-Fraumenl ar Rotheand-
Thinmson syndrames) reqalre special care ond follow-ug.

These Clirdeal Practice Guluelines have beem produced by ESMO in
passnenhip with EURACAN, the Bxrapen Refervnce Notwork for
rare adidht wodid carcers, These Clindcal Proctice Guidellives were
dieveloped ity necardance wich the ESMO standard aperming proce-
dueres for Clinkedl Praciie Guhlelines development (httpuiwas,
amoatgCuldeline ESMO-Guldulines-Methodology), They s
conceived b privide the stansdind approach b disgtals, tratment
and survivarshlp on sarcomas, GHSTs and bone sarcomas,
lheeommended interveitlons are intended o comeipand to the
‘sianidard’ appraaches, acconding tn curtent cnndensi amarg the
Eurapean mathidisclplinary srcema commuaity of experss, Thes
wre reprosented by the members of the ESM0 Sarcuen Faculry and
experts appolaied by FaedCan and all insizutinns belonglng to the
Sercnis dovnadn af EURACAN,

Experimensal interverrtions conslderad o0 be beneficial are
Igbelled as ‘investigational’. Other non-standand approaches may
be proposed to the single patient as “options’ for a ghared patient
physlclen declsion in copditions of unceraloty, 2 bog ar some
spporting  evidence (though not conelusivel s avadlable,
Algariihens aceamypany the texd, caverlng the main fipleal presesia-
tions of disease, and are meant to gubde the user throughout the
teat. The relevant lierature has been sdlected by the expen suthors,
A summary of secommendations (8 shown in Table 2, Levels of
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Annals of Oncolegy

Diagnaals and pathategyimslecular bislogy

* Menagement of bene sireommat should be corted 0u i a refarence canis for bone ssreemas, with  crimany biopsy uncer e supsrilen of § surgics
teair o dedcatied Inenveninsgl redisingis

* Fehagics dagnois sheud be made Moeiding 10 e 30 3 Wed caaicaton

* Mecieyl hislndy shouid Sonis en chaiachesstic samonsers 1uch i durrion, Imensty and Aming of pain, perkstest nor-rodtaril bose pain, sweling end
functisnal Impaiment

* Dusgniogy can he mennghy cntntod by palkint age

Staging and riak nsseeament
! W.Hm._.u_ :H.___.d_ thaalike e carbect i o pueid st e of distant dusnia, nchadieg benm scieligrapty, e dloarashs and CT, whale-body M8 and
o FLT-MH

Traaimunt Becorsgional sl sdvanced dissmse)
Sancaineasg

* Adverie progrestic er e iesve factons Fdude deteczabie prienasy rastastanes, idal of prosi ma’ etremity tumeur dte, large tumeur stoe, skevated senim
AP g LM and older age 11 B

* Stegiey should Inchadi ool imaging stusbes, spactics by laln rackogeapts and MR of e whoke aPected ooy [H, 4]

* Curathve traatmery of Pigh-grace 06 consats of O ard sigery 1 &; mullivodal CHT teserer Is prefened

* Lewegrade parotua! Uss ane malignances vth & kwer metasunc potoretal and shodd be meated by srgery done v, 8]

® Domdrubkn, chplatn. HO-MTE ol Fealamride have sntitumour acthedy b 05 1L AL 0 paiancs sgied = o0, prefered regimecs clles comvicins cosnnisics,
clrplnie, gnd Hosfarride vithou HDSATY, (14 B]

* I Fmied caes, BT inchudhng now techriques (g, preten and cardaen ion beam A7) sheuld be considered, perscutry for unsesectabl pimary fumsurs

* Py metatan 15 patierr ane tieited with 3 cunive o folong the tamme prncedes of non-mesasatic 08

*+ Highrgrads cuniofacial 05 shoud be teed the sime way a5 hla orace G of other leetioni, Bihaugh preapatibe svidence s eckng [V, EL AT,
posferaty within diical studes, com be propesed when camplete surgen s mot feasible 7V, 8]

* The traatment of recussent 025 16 glmarky srglcal is the cine ol isslated hag sasaie, shhough stmeotecis BT, rdlobequancy astition o coethessy
T B s 88 altemative SpBCAL IR patients unfe Tor surgery [V, B]

* Fackofrequeny abfutiun aed weieosactic N7 e patental ot local insaiment optioes o pmary oeg o bone matostzees

® Secend-bre CAT for mecurmem OF inchude Tadwmice or eycnpncanfamide, poisbly i aswecliiien wik sepestde andior sarbapini B, B o o acthe
drugs Ineiuding gemekating and docetsest 4, C1, suralends (8, 8] o negorfends 1) B o el 1 'V5m
Sh_u_do. il

® E5 I8 five tumaour and i sy Uewied Wwithin Spacifc ChT segimong

* Traament of putlanch with exireshatensd E5 Fotlows the same orntloles o Tor Bane 25 end Ingongertes CINT in o) eases, o8 wal i podtcperstive AT 0 mox
s

* Compivts wigical exilon whare fav bl ather thin 2T dlone i segerdig g8 S bet maday of kel turmeu conbsl

* AT aiehe sl b ppepbes ¥ enmpiete surgicsl exchien i3 impoisbie

* Poatupanetive W swuld be given in coies of Nadegutte urgical matging snd dscusied when hatoegicn fmporse 1 the sangloal soecimen was poor
o

* Frrariud CRT optichs (i kide daxonublol, cycontegaride, Fodimite Wnaine, dactinoman ond stoposide, wih Mt actve protocsls besed on
v 8 kg soenbinalions of these nubstance [, &

3 Dﬁ._i.&:&_.;ﬁ:t:ﬁ_izif KT s bicpay, ol ol Ly local thivapy, and! avether 510 cycer of CHT, usssky sppited 2.3 1o
Frwoak nieals

* Datier-ddefiie regirmins iwith ivenval comewibon) wom asotied Wit § posiw ciroome i geediae and sdoloscent (<18 reary paeets 1, B

* Recunt studies recommmnd the use of Bubtel for hichts selicsed natkenis mith poae neirame = ndusticn SAT ndtor tamowr vokame > 200 mL [, 6]

* Far patients wth mitataies st disgrovh, ChT is sbmitr b ther for ocelsed choaes, bt respone i lasp dutib and patherts hive a warse rognmis

* ChT regimens In felamse skationg s red slandardies and inchude ekl ng spants fpcophosphamie and Nigh-cdoss Fesamiosl in tombingtion wis
Iopoisameist mhidian nop ad [ with semagalemide |14 0] &r gemichubire and docotasel, or ighedass fafamice or cibo-
B0 w kR mopoaics
Highgrade stvraipilamanive sarovmar of bane

* Traatmant siabegion mimic thoss of O sd mehace 1T and somaliss o bio ressction Indluding asy so¥ dius compenent

 IT miy e eergieieied i inoperans ledens
Chandmtnmes

* Mesprchyreal C5 B unialy eanikdened b be sensittve fo adivent ar seoadusant Saupms IV, CJ and s ssewted wsing 4 Baing-ype ChT segimen

* Dectaipviabd £ & often trasbed an d high- i bune sarcama, with sateic and kooa Thersies Ban resd T be adapted % pillents s V.51

* Sl hase Co cen be teated with Sigh-dese AT inclaieg praion er s jor beam ST

* Dimiorubicin and Fosfarvde may prove sctve in O, sspecialy n high-geade kiors, and gemeiabene In combivetion with docesasel his e bien rperted
Ir e offmcibee

Conninund
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Annals of Cncalogy

* Theatrewe: optiens for GCTs Inchade én Bloc eecaan [, 8] and Insledonal conattage with orwithodt wdhaand in ey meced coies

¥ Dargwaral: 5 datdand esmam In cnissectable o meade GCT (N AL aithough its use n dhe Fecac)owark seiting b debates

* B cen proside bocat coneal In GET bur car e asocated vith eanformation i a bigh-gre secome, end shiukd be Fmited e cies 1 wikch wgery
Ieirch Ta unadcetatle modbid Ty and dandsumab i insfisctee of costraindicated IV, 0

Chardome

* CHuToric a1 vy (e Lumii, and managemant shaukd be carded aut ut eefemal cemires andivor referal nevanrks with a muitiéiciolnary team

* En bine 0 seseerion b aandard traatmant I, AL sy othaewe, defirithe BT alore shaukd be cosnidened a8 & vebd alasmative [V,

* Por s3cvel cherdoma, surgen: Wi ba sfeced 11 e chordne adses em 4 and below or dscunsed in the conte of sther sismalis o bamous asgh
riking akve 51, Surgery b peefirmed for iumoirs odgirating fram 51, iapecially if the preservatisn of 52 reals b paiabile

-

R1 ooy plus high-done AT i Uhe teeatmeni bf chos fr thid ate 0t ugee! osfdics imct choedema

* Indicetars for doflfelbee AT indiids urmociabio dhens, inoperabie patents st newsslogionl Impairmant not dcceniad by the et BT ahaidd be een:

Aickaed ' the cise & A1 esections

- -

Ifi B i of ieenl relagie, resornmiendid limameint il uckes Suigary andkioe AT and/or fymemic meatmant
Far elyormwtanali: dliene wurpensudabequency aslationsiaerectsctc radintion of metadizss con be coridwed In selected ceses

* Imatinia or iemfadih may bo benefizld in advanzed cherdama In temis of progisssas-fiee wirdier? and maisty sen-dmentdonal fumour epa e

Follow-up, lang-tare impllcatisss and sursivaridip

* Feliw-up el Wh-grade tumaus sheud inchade bown o phedcel maringriee of B temeur she ind sssment of the frctiae ind posble domploton
af ary racorabucton, Locsl imaging and chest -ry T could be & propaaed stranagy

® A moorsmending folkow-up Bality vdies amang experts brd may foreues ek Deteeen checks aer the Sompletion of Cnl, angraximately deery
Amenths e the Bl 3 yearg very 6 menths for yoan 3=5 avery -1 2 manthe bor yar S-10 atd thereater vy 082 bean

* Chet C7, F ied Inptead of chew Meray, sroutd b caned cun with wcus, udimos-pating Sethigues

® Far lpwegrde bone sircoa, the fregquincy of follove-up visis may be iowe (ag € manihs for 3 ysas and 1Pen snnualy)

* I 5 whete ot metatings o' Ry, isofope bore Scanning can be used In addivon bo -y maging but thould ke weighed again the addlional -

diation expamure

* Mare modem techilques feg. PET o whotrody MAI st ncraasingy belng adapsed Ines rewmine practios bt nsouine Surther evaiuatien n dinicel seals
* Leng-ierm 1o eFect of ChT, surgarny and AT thould bé esakiabed. and monimring for labe affecls should be condmosd far 2 105ean abar eament.

depursadiog 4 i CHT il and rdiion used

* Longvem cardiad mvabanon [ impaniant, o it hat bees fnown that delednntion of candisd funcrion o il ocour decades sfter snthiecycing treatment
* Seoorafeny caldaty may s 10 pueeern of Bora sarcemat, wiher ndated b, or ndependent of, radtation, Secordin ke, partieuar: s tysicd
leincherria, oy rinely be chodregd fallowing ChT. a8 sary 21 3-8 years afver veaumeny

#P, akdira phodnon; Bubel pusullin and melphalan; ChT, chesmethamame CF, chascimspasma CT, sorpined mmagraphy: B5, fadeg samema; GCT,
ganl ool maar HO-RTH, Pig-cose mathotreats; LOH, lactne debrdiogendie, WAL magnetic resonance imeqleg: O, oiecsasorra PET, postron
smbsan 1nTegrashy B na frmol: of $e maging A, micsdopk ot ie the mamgi; BT, cadintherapy 4354, dicral spinal nerse 2-4; WHIL Wordd

Heath Cegarizatier:,

evidence and grades of recommendstion have been applied using
the eystens showen in Table 2. Statements without grmding were cus-
shlered fustified sindard clisical pracelos by e experts,

=
E &

(Rl r!._mﬂu_“:_up adwisury roles for Theciphira Fhormaceuticals,
Elsal, EE| Lilly, Meltar Thenapeation, speakier's b {a from

Plizer, Mowariss, Bolfal and Clinigen asd conduciad shidies
sponsored by Janssen-Cilag, Rlai and Loxo Onecbogy; SHo has
reported hoanrarla and travel gramts fram Manohiotls and Lilly
and received travel grants from Pharmaban 18 his reported re-
search Furmls fratm MAD, Brlsbal-Myers Squibl, Bovartls, Rache.
Regemeron, Amgen, Astra-fenech, Bovhdnger Iagelheim and
Genesls and advisory boanls, henonirium and travel expenses
from MSE, Bristal-Myers Squibb, Mevarlis, Boche, Amgen,
Astra-Zepece, Bochrlnger Ingelhelm, LEQ Pherma, Galenles,

Eisal, Eld Lilly, Pieer, Pharraahar, s eofiductod studles spari-
sored by Amgen Dompd, ARDG Bayer, Hluepring Medlcises, Eli
Lily, Datlchl Sankyo Phariea, Epleyme, GlaoSmithKline,
Nawiribs, Phzer, PharmeMar 581 bas reporied advisorydconsuli-
amt roles for Lily, Bayer, Ploer, Novarls, lsolfol and Clinigen
aml eonducted stadies gponsornd by Innssen-Cilng, Elsed anid
Loge Oneology; SBa has reported research suppart from
Navartis, Incyte, Blugpsing Medicines, has received hanararia or
comsuliation fees from Nevaris, Lilly, Mimr, Pharmabar and
Rayer; 501 bas reparted advisoryiconiuant robes far Lilly, Bayer,

Cenwsis and Sasofi IVMGH has recelved a ressarch grant from
Survier and hunoraria from Mancblvdix for reviewing cases fur
thele trlali TH has reporied henofada from Reche and
FharmaMar and advisney hoard and honerari from Amgen,
Bryer, Movartis, Bisal and Eli Lilly, TVB has reperted consultlng
adwiacry rale far Pharmabar, Lilly, Bayer, Novartis and being a
memibsr af the speaker’s bures for PharmaMar anl received
travel grants from PharmaMar asd Lilly; EDA has recelved hano-
ratla from PharmaMar, Boche, Lilly and Pfizer and travel grants
froim Roche: APDT 15 & mensher of the speakiers’ burean for Lilly,
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Annals of Cnoalagy

Lavuls of wvidanca

| Bdiaence freim at l2an sna lime andasie, ceniizbed i of geod mekodsingical nusiy Sow penanaal fer bas) or metranalyses of

weel-conducted randamied iriah wihow hetermgenety

I Sl randomised trlah.or laige erdamiud trial vett 5 sapicior. of blas Tower methodolo@zsl queing o reta-indlies. of sach riald or

af triah with demoniiraied Fetifcqersity
[} Frospecthe sshee st
K Rimrcapectin cubart wiadies o1 cese-sontiol fudes

L Stuches withow corfral groun, case sy, igaris cpinians

Sirarng widence fa efficsy with a substiniial dinkcel benett, fianghy scom™anded
Sunng 01 mederais modeecn o STy Bl with & Fmied dicizal BerefiL, generlly mosmmended

Maderite evicence agilral efficazy or lor adverss ouboome, gananly not oo mended

A
]
Lo IrutEient sviderce for slMicacy or berwft dees not cutwegh tee riv or the deadaniages (eoverue everis, co. .. | optional
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