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Resume
Primary bone tumors are uncommon and this has certainly contributed to the
scarcity of data about their relative frequency, and to the limited understanding of the
risk factors. Overall, bone sarcomas account for 0.2% of all malignancies, and the
adjusted incidence rate for all bone and joint malignancies is 0.9 per 100,000 persons
per year, while the 5-year overall survival rate is 67.9%. The age specific incidence
rates of bone sarcomas show a bimodal distribution, with a first peak occurring in the
second decade, and a second peak occurring in patients older than sixty, in relation
with the age distribution of the main histological subtypes. Several bone tumor types
occur in the setting of inherited syndromes, while some other develop in association
with non-neoplastic precursors or in the setting of previous benign tumors. In recent
years, significant advances have occurred in the molecular and cytogenetic
characterization of benign and malignant bone tumors. The detection of clonal
chromosomal aberrations, specific molecular genetic changes, and the identification of
growth related tumor cell signaling pathways have resulted in a better understanding
of the pathogenesis of several neoplastic entities, and have provided the basis for an
improvement in the diagnostic workup and differential diagnosis of several bone
tumors presenting with overlapping clinical, radiological and pathological features, as
well as for the identification of new prognostic factors and therapeutic targets.
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[lepBuuHbIe OMYXOJM KOCTEH BCTPEUAIOTCS PEAKO, U ITO, O€3yCIOBHO,
CIIOCOOCTBOBAJIO HEXBATKE JIAHHBIX 00 UX OTHOCUTEJIbHON YacTOTE U OTPAaHUYCHHOMY
MOHMUMaHU0 (haKTOPOB prcKa. B 11e110M, Ha KocTHBIE capkoMbl ipuxoauTcs 0,2% Bcex
3JIOKQYECTBEHHBIX OMYyXOJeH, a CKOPpPEKTUpOBaHHAs 3a00JICBAEMOCTb  BCEX
3JIOKAYECTBEHHBIX OMyXoJiel KocTei u cyctaBoB cocTtaiisieT 0,9 Ha 100 000 genosek
B TOJ, B TO BpeMs Kak oOmas S-JIeTHSAS BBDKHBAEMOCTH COCTaBisieT 67,9%.
Bo3pactHeie mokazatenu 3a007€Ba€MOCTH CapKOMaMHU KOCTEH JI€MOHCTPHUPYIOT
OMMOJIaIbHOE paclpeeieHle, MpUYeM TMEpPBbIM MUK NPUXOAMUTCS Ha BTOPOE
NECATUIIETHE, @ BTOPOM MUK BCTPEUAETCS y MAlMEHTOB CTaplIe MIECTUICCITH JIET B
3aBUCHUMOCTH OT BO3PACTHOTO PACHPEIEICHUS OCHOBHBIX THCTOJIOTMYECKHUX
noATUNoB. HeKoTophie TUITHI OMyXO0JIeH KOCTEN BOSHUKAIOT Ha (JOHE HACIIEACTBEHHBIX
CHUHJIPOMOB, B TO BpEeMsI KaK JIpyTrUe Pa3BUBAIOTCS B aCCOIMALIUN C HEOIIACTHYECKUMHU
MPEANIECTBeHHUKAMA WM Ha (OHE MPEANIeCTBYIONMUX J0O0POKaYECTBEHHBIX
omyxoJyiei. B mnocnegHue roapl ObUIM JIOCTUTHYTHI 3HAUWTEIBHBIE YCIEXU B
MOJICKYJIIPHOM UM IUTOTEHETUYECKOW XapaKTEPUCTHKE JOOPOKAYECTBEHHBIX U
3JIOKAYECTBCHHBIX OITyXOJIEH KOCTEH. BBISBICHHE KIOHAIBHBIX XPOMOCOMHBIX
abeppanuii, crieupruyecKuX MOJEKYISIPHO-TCHETUYECKUX U3MEHEHUN U BBISBJICHUE
CBSI3aHHBIX C POCTOM IYTEH CUTHATIU3AIMU OMYXOJIEBbIX KIETOK MPUBEIO K JyUIlIEMY
MMOHMMAHUIO MaTOreHe3a psiia HOBOOOpa30BaHUM, a TAKXKE MOCTY>XUJIO OCHOBOM sl
VIYUIICHUS AUArHOCTUYECKON padoThl U nuddepeHImanibHOl TUAarHOCTUKU psijia
OMYXO0JIEN KOCTEH C MEePEeKPHIBAIOIINMUCS KIMHUYECKUMU, PEHTT€HOJIOTUYECKUMHU U
MaTOJOTUUECKUMU TIPU3HAKAMHM, & TAKXKe JJISI BBISABJICHUS HOBBIX MPOTHOCTUYECKUX
(haKTOpOB M TEPANEeBTUUECKUX MUIIICHEH.

KawueBblie cjioBa: OMyXojdud KOCTEH, OSIHUAEMHUOJIOTHS, Kilaccudukaims,
MaToJIOTUS

Pe3ome

bupnamum cysk ycmanapu kKam yupaiiad Ba Oy, anbaTTa, yJapHUHT HUCOMIA
4acTOTacu TYFPUCHUJATH MabIyMOTJIAPHUHT KaMJIMTUTa Ba XaB() OMMLIAPUHUHT

YeKJIaHTaH TyIIyHYacura Xxucca Kyuau. YMyMaH oJiraHja, Cysik capkoMmayiapu Oapua
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xaBpu yemanapausr 0,2 (GOU3MHU TAIIKWJ 3Tafu Ba Oapya cysk Ba OVFuM XaB(hiu
ycManiapy yuyH Ty3aTwiran kacauianuin aapaxacu vuiura 100 000 kummura 0,9 Hu
TAIIKWI KA, S WHJUIMK YMyMHM OMOH KOJIHII Aapaxacu 3ca 67,9 ¢housHH Talikui
staau. Cysk capkoMacuHUHT ¢&mra OOFIMK YacTOTacH acOCHM THUCTOJIOTHK
CyOTHIUTApHUHT €mra OOFJMK TaKCUMJIAHUIIM OuiaaH OOFIMK XojJa OumMopjan
TaKCUMJIAHUIIIHU KypcaTaau, OUpUHYY YYKKH UKKUHYY YH HIIDIHKAQ, MKKHHYY YYKKA
sca ONTMHUIN EijiaH omraH 6emopinapaa yupaiiau. Cysdk ycMamapuHUHT OUp KaHYa
TypJIapy UPCUM CUHIpOMIIAp Maxajiuja rnanao 0yinca, 6ab3u Oup Typiapy HEOILIACTUK
OynMaran YTMUIIJoNUIap OwiaH Oup accoluanusaa €K wirapu nainjgo Oynraxn
xaB(cuz yecmanap Maxanuaa maio oynaau. CYHITH Wuiuiapja CysiKHUHT XaB(cu3 Ba
xaB(au ycMamapuHU MOJIEKYJISIp Ba CUTOI€HETHK TaBcU(amaa Cce3wiapiu
I0TyKJ1apra spuniiay. Kinonan xpomocoma abeppanusiiapu, y3ura Xoc MOJIEKYJIsp-
TEHETUK Y3TrapuIlUIapHU aHMKJIAIl Ba YCUII OWIaH OOFIHMK YcMa XyKaipalapuHUHT
CUTHAJIM3alMsl HWYJUIApUHM  aHMWKJalm OWp KaTop HEOIUIAaCTUK  Ty3WujaMajap
MAaTOT€HE3UHU SIXIIUPOK TYIIYHUIITAa 0MO Kelau Ba Oup-Oupura yxmiami KIWHUK,
PEHTICHOJIOTHK Ba MATOJIOTUK XyCyCHSITIIapra 3ra Oyiaran Oup HeuTa CysiK yCMallapyuHU
Tamrxucjaall Ba I[I/I(i)(bepeHL[I/IaH TAalIXUCJIAIHU TAKOMHAJIAIOTUPHUII, ITYHUHTACK, SHI'A
MIPOTHOCTHK OMIJIJIAP Ba TEPANEBTHK MaKCaAJapHU aHUKJIAII YIyH acoc OVIIIH.

Kaaurt cy3aap: cysk ycmanapu, S0UAeMUOJIOTUACH, TACHU(HU, TATOJIOTUSICH

Primary bone tumors are relatively uncommon and this has certainly limited the
collection of data about their relative frequency and to the insufficient understanding
of the risk factors. Although the incidence of benign bone tumors is higher than the
incidence of primary malignant tumors, it is likely that benign lesions are
underestimated because they often are asymptomatic and not clinically recognized. In
addition, primary bone tumors are outnumbered by metastases from carcinomas,
melanoma, or hematologic malignancies, such as plasmacytoma.

According to the analysis of the Surveillance, Epidemiology and End Results
(SEER) Cancer Statistics Review of the National Cancer Institute, it is estimated that

2,810 men and women (1,620 men and 1,190 women) will be diagnosed with and 1,490
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men and women will die of cancer of the bones and joints in 2011[7].Overall, bone
sarcomas account for 0.2% of all malignancies diagnosed in the United States, and the
age adjusted incidence rate for all bone and joint malignancies is 0.9 per 100,000
persons per year. The overall 5-year relative survival for 2001-2007 was 66.3% and
the age-adjusted death rate based on patients who died in 2004-2008 in the US, was
0.4 per 100,000 men and women per year [1,2].

In Italy, according to the 2006 report on tumors by the AIR-TUM (Association of
Italian Tumor Registries) primary malignant bone tumors represented 0.2% of all
malignancies diagnosed in males and females in the period 1998-2002, while mortality
represented 0.3% of all cancer deaths in both sexes in the same period [11].In the area
covered by the Italian Network of Cancer Registries, there were on average 1.3 new
bone malignant tumors diagnosed per 100,000 males/year and 1.1 per 100,000
females/year [3].Overall, in the year 2002, there were 208 deaths in Italy due to bone
cancer among males and 145 among females. As expected, bone cancer was relevant
among young subjects, since more than 50% of cases were diagnosed before the age of
59 years [12].The cumulative risk (0—74 years) of developing a bone cancer was 0.9%o
among males (1 case every 1,099 men) and about 0.7%0 among females (1 case every
1,370 women) while the cumulative risk of dying from this cancer was 0.5%0 among
males and 0.4%o0 among females, respectively [17]. Incidence rates for primary
malignant tumors of bone vary considerably across Italy, with a ratio between areas
with higher and lower rates of approximately 3 to 4 times [8].These differences may
be explained, at least in part, by the use of different coding rules for the bone site,
which may have determined the inclusion, especially for cancer deaths, of secondary
tumors [14]. Considering time trends, bone cancer shows a stable incidence over time,
while mortality is decreasing. The most frequently diagnosed histologic subtypes were
chondrosarcoma (30% in males and 29% in females), osteosarcoma (16% in males and
17% in females) Ewing’s sarcoma (14% in both males and females) and chordoma (8%

in males and 5% in females) [11].
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The age specific incidence rates of bone sarcomas typically show a bimodal
distribution, with a first peak occurring in the second decade, and a second peak
occurring in patients older than sixty years of age. This is related to the different age
distribution of the main histological subtypes, since Ewing’s sarcoma and
osteosarcoma are the most frequent histologic subtypes in the first two decades, while
chondrosarcoma, malignant fibrous histiocytoma, chordoma and secondary
osteosarcoma show an increased incidence after the fourth decade. On the other hand,
the majority of benign bone tumors and tumor-like lesions occur in the first two
decades of life. In general, there is no significant gender predilection, although some
tumors (e.g. Paget’s sarcoma, chordoma) show a higher prevalence in males.
According to SEER data, in the period 2004-2008, the median age at diagnosis for
cancer of the bones and joints was 40 years of age. Approximately 29.0% were
diagnosed under age 20; 15.4% between 20 and 34; 10.5% between 35 and 44; 13.0%
between 45 and 54; 11.4% between 55 and 64; 8.3% between 65 and 74; 9.1% between
75 and 84; and 3.5% over 85 years of age [5,9,10].

Osteosarcoma derives from primitive bone-forming mesenchymal cells and is the
most common primary bone malignancy. The incidence rates and 95% confidence
intervals of osteosarcoma for all races and both sexes are 4.0 (3.5-4.6) for the range 0-
14 years and 5.0 (4.6-5.6) for the range 0-19 years per year per million persons. Among
childhood cancers, osteosarcoma occurs eighth in general incidence and in the
following order: leukemia (30%), brain and other nervous system cancers (22.3%),
neuroblastoma (7.3%), Wilms tumor (5.6%), Non-Hodgkin lymphoma (4.5%),
rhabdomyosarcoma (3.1%), retinoblastoma (2.8%), osteosarcoma (2.4%), and Ewing
sarcoma (1.4%). [4]. The incidence rates of childhood and adolescent osteosarcoma
with 95% confidence intervals areas follows: Blacks, 6.8/year/million; Hispanics,
6.5/year/million; and Caucasians, 4.6/year/million. Osteosarcoma has a bimodal age
distribution, having the first peak during adolescence and the second peak in older
adulthood. The first peak is in the 10-14-year-old age group, coinciding with the

pubertal growth spurt. This suggests a close relationship between the adolescent growth
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spurt and osteosarcoma. The second osteosarcoma peak is in adults older than 65 years
of age; it is more likely to represent a second malignancy, frequently related to Paget's
disease. [13].The incidence of osteosarcoma has always been considered to be higher
in males than in females, occurring at a rate of 5.4 per million persons per year in males
vs. 4.0 per million in females, with a higher incidence in blacks (6.8 per million persons
per year) and Hispanics (6.5 per million), than in whites (4.6 per million).
Osteosarcoma commonly occurs in the long bones of the extremities near the
metaphyseal growth plates. [18]. The most common sites are the femur (42%, with 75%
of tumors in the distal femur), the tibia (19%, with 80% of tumors in the proximal
tibia), and the humerus (10%, with 90% of tumors in the proximal humerus). Other
likely locations are the skull or jaw (8%) and the pelvis (8%). Cancer deaths due to
bone and joint malignant neoplasms represent 8.9% of all childhood and adolescent
cancer deaths. Death rates for osteosarcoma have been declining by about 1.3% per
year. The overall 5-year survival rate for osteosarcoma is 68%, without significant
gender difference. The age of the patient is correlated with the survival, with the
poorest survival among older patients. Complete surgical excision is important to
ensure an optimum outcome. Tumor staging, presence of metastases, local recurrence,
chemotherapy regimen, anatomic location, size of the tumor, and percentage of tumor
cells destroyed after neoadjuvant chemotherapy have effects on the outcome [16,17].
Another recent interesting advance in the field of bone and soft tissue tumors, has
been the recognition that myoepithelial neoplasms may occur primarily at these sites,
which are otherwise entirely devoid of myoepithelial cells. This further underlines the
concept of a non-feasibility of a histogenetic approach to the classification of bone and
soft tissue tumors. Indeed, these tumors show the same morphological spectrum as
their salivary gland counterparts, including the presence of an epithelial component, in
which case they are better regarded as mixed tumors. They occur both in adults and in
children, and, in most cases, behave in a benign/locally aggressive fashion [9]. A subset
of these lesions shows features of malignancy and follows a metastasizing clinical

course [10].Recently, it has been shown that primary myoepitheliomas of bone
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frequently present EWSRL1 gene rearrangement, a feature that could be useful in the
diagnosis of difficult cases [11].

The WHO classification currently recognizes chordoma, which is defined as a low
to intermediate grade malignant tumor that recapitulates notochord, as the only member
of the group of tumors of the notochord [5,7].However, several reports support the
existence of notochord-type lesions of the axial skeleton that are radiologically and
histologically distinct from chordoma [12,13]. These lesions appear to be benign and
should therefore be recognized by radiologists and pathologists and treated
conservatively. The relationship of these lesions to chordoma remains an open
question, although it has been suggested that these benign lesions may undergo
malignant transformation to classic chordomas [16,17].

More recently, further molecular abnormalities have been identified in primary
bone tumors, some of which appear characteristic of single tumor types. These findings
are fostering new changes in the classification of bone tumors. A significant example
may be aneurysmal bone cyst (ABC). This is a benign bone lesion described in 1942
by Jaffe and Lichtenstein and until recently considered as a reactive process with the
potential for local recurrence. The term secondary ABC has been used to designate
those lesions occurring in association with other processes, mainly fibrous dysplasia,
chondroblastoma, osteoblastoma and giant cell tumor of bone. The identification of a
recurrent chromosomal translocation t (16;17)(g22; p13) has supported the notion that
at least a subset of ABC have a neoplastic nature. This translocation fuses the promoter
region of the osteoblast cadherin 11 gene (CDH11) on chromosome 16422 to the entire
coding sequence of the ubiquitin protease TRE17/USP6 gene on chromosome 17p13.
Interestingly, this translocation is present only in the spindle cell component of primary
ABC, and it is not detected in secondary ABC. Recent observations indicate that the
cells affected by TREL17 rearrangement and overexpression in ABC are indeed
Immature osteoblasts, and that TRE17 appears to simultaneously inhibit osteoblast
maturation and stimulate osteoclast activity, thus favoring the growth of ABC.

Altogether, these findings support the notion that primary ABC is a mesenchymal
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neoplasm possibly of the osteoblastic lineage, whereas secondary ABC, although
morphologically similar to primary ABC, most likely represents a common endpoint
of differentiation in various non-ABC bone tumors [11,15,17].

Primary malignant bone tumors are rare and as such they represent a difficult
category of tumors for appropriate recognition, classification and treatment. Although
the occurrence of bone sarcomas is low, they affect particularly children and
adolescents, which implies that they have a major impact on the life of patients and
their families. In recent years, advances in medical and surgical treatment modalities
have resulted in an improvement of the outcome and survival of primary malignant
bone tumors. This has been paralleled by significant developments in the molecular
and cytogenetic characterization, which in combination with light/electron microscopy
and immunohistochemical techniques, has contributed to a better understanding of this
group of tumors.
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