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Abstract: Background/Objectives: Musculoskeletal neoplasms are rare and challenging
diseases. Their geographic pattern varies worldwide, and no studies analyze their distri-
bution in Italy. The aim of this study was to investigate a possible association between
clinical variables to a period of diagnosis and geographic origin in Italy. Moreover, we
wanted to describe the survival rate of bone osteosarcoma (OS) and Ewing sarcoma (EwS)
from the Rizzoli Orthopaedic Institute (IOR) experience. Methods: We retrospectively
reviewed 3098 diagnoses of high-grade bone OS and EwS made at the IOR in the past
40 years (1982–2021). Incidence, measures of associations, and survival rates have been
analyzed. Results: The time of diagnosis and geographic origin were associated either
with each other or with age and stage of tumor. Overall, the 10-year survival rate was 54%
(95% CI 52–56) and 53% (95% CI 50–56) for bone OS and EwS, respectively. Multivariate
analyses showed that adverse factors at diagnosis are age, location, stage, and time of diag-
nosis, in both cohorts. Conclusions: We confirmed known prognostic factors, and owing
to the large cohort, we highlight their importance in clinical practice. No differences were
observed in patient survival associated with different areas of Italy, although geographic
origin was associated with most clinical variables analyzed, suggesting a further factor
to investigate. Given the above-mentioned results, a Sarcoma Specialist Network with a
recognized expertise is determinably in charge of the management of sarcomas.

Keywords: bone osteosarcoma; ewing sarcoma of bone; geographic pattern

1. Introduction
Primary malignant bone tumors are rare neoplasms, and they account for 3 to 5%

of cancers in children and adolescents [1–4]. Bone osteosarcoma (bone OS) is the most
frequent primary bone sarcoma (incidence: 0.3 per 100,000 per year). Its incidence is higher
in adolescents (0.8–1.1 per 100,000 per year at age 15–19 years) with a male to female ratio of
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1.4:1 [5,6]. In younger patients, bone OS arises mainly in correspondence with extremities,
while the number of axial tumors increases with age [7]. Ewing sarcoma (EwS) is the second
most common bone sarcoma in children, adolescents, and young adults and belongs to the
group of ‘small round blue cell tumors’, showing aggressive behavior [8–10]. The median
age at diagnosis is 15 years with male predominance (1.5:1) [7].

In Italy, bone sarcomas make up 9% of all sarcomas: bone OS and EwS of bone have
their highest incidence at ages 10–19 [11]. The incidence of primary bone sarcoma in Italy
averages around 1 case per 100,000 people each year, corresponding to 350 new cases per
year; there are about 120 new diagnoses of bone OS/year, and 65 new cases/year of Ewing
Sarcoma (AIRC Foundation for Cancer Research).

Prognosis has improved markedly over the last decades, thanks to more specific
diagnosis and treatments; however, these diseases remain challenging [12,13]. The Rizzoli
Orthopedic Institute (IOR) is the leading reference center in the diagnosis and treatment of
sarcomas in Italy. In the last 40 years, we registered 40% of Italian bone OS cases and 46%
of Ewing sarcoma Italian cases at the IOR.

The purpose of this work is to describe the characteristics and clinical outcomes of
patients admitted for treatment to the IOR from the early 1980s to the present. Moreover,
considering that in the 80s–90s, the IOR was the first musculoskeletal oncologic center in
Italy and later one of the leading local centers; we also described clinical variables and
outcomes according to the geographical origin of patients.

2. Materials and Methods
2.1. Patients

This is a retrospective cohort study including patients diagnosed and treated
for high grade bone OS and EwS at the Rizzoli Orthopedic Institute (IOR), from
1982 to 2021. The study was approved by the Local Ethical Committee (CE-AVEC;
Prot.No.641/2023/Oss/IOR) on 3 November 2023.

The clinical data were collected from the database of the Rizzoli Orthopaedic Institute
(recognized by the Emilia Romagna region by Regional Council No. 862 of 7/3/95) [14].

This Database collects information of sarcoma patients treated at the IOR since January
1982, with the aim of performing clinical research. The data collected are prevalently clinical-
pathologic and include medical history, diagnosis, tumor site, surgery, treatment, and
follow-up. Histological diagnosis was performed according to WHO current classification
of soft tissue and bone tumors [15], by experienced pathologists of the IOR. The diagnosis
previously made in other hospitals was further confirmed at the IOR, and patients were
not formerly treated elsewhere. Follow-up data and patient status were updated on
31 December 2023, through a digital archive.

Clinical data included patient characteristics (age, gender), tumor characteristics (site,
stage), patient demographics (year of diagnosis, area of origin), and clinical outcome (status
at last follow-up). We followed the age stratification employed by our clinicians, dividing
patients into three groups: pediatric (ages 0–14), young adults (ages 15–29), and adults
(ages 30 and above). The 20 Italian regions were grouped into three distinct geographical
zones: north, center, and south and islands (Figure 1).

We have adopted the subdivision of Italy in 3 macro areas (north, center, and south
and islands) according to the ISTAT (Italian National Institute of Statistics) [16]. This
classification is founded on economic, climatic, and geographic attributes and represents
the most prevalent approach to delineate the Italian territory in various types of analyses,
including epidemiological studies [17,18]. Istituto Ortopedico Rizzoli is situated in Bologna,
within the Emilia Romagna region, which is in central-northern Italy. Its central location
renders it a key destination that is readily accessible from all regions of Italy.
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2.2. Statistics

A total of 1893 patients with bone OS and 1205 patients with EwS treated at the IOR
(1982–2021) were analyzed by age (<15, 15–29, >30 years), gender (M, F), stage (localized
or metastatic disease at diagnosis), tumor site (lower extremity, upper extremity, or axial),
time of diagnosis (1982–1991, 1992–2001, 2002–2011, 2012–2021), and geographic origin
(northern Italy, central Italy, southern Italy and islands, and foreign countries). Measures
of association were estimated by the chi-square test or Fisher’s exact test for association
between categorical variables and by the Cochran–Mantel–Haenszel test (CMH) for the
analysis of stratified or matched categorical data. Patient characteristics were reported
as mean along with range and as percentages for continuous and categorical variables,
respectively. All variables were analyzed for their impact on overall survival (OS). Patients
with a missing follow-up (bone OS = 9 and EwS = 5) or those who were residents abroad
(bone OS = 149 and EwS = 87) were excluded from the survival analysis. OS was calculated
from diagnosis to death for any cause or to the date of the last follow-up examination. OS
estimates by univariate analysis were calculated according to the Kaplan–Meier method.
A log-rank test was used for the calculation and comparison of survival curves. Hazard
ratios and confidence intervals (95%) were calculated using the Cox hazards model. The
statistical analysis was performed with Stata software version 17.0.

3. Results
3.1. Patients Characteristics

In the reviewed 40-year period, we identified 3098 patients with a diagnosis of bone
OS and EwS. In detail, the diagnosis was bone OS for 1893 patients and EwS for 1205. A
descriptive analysis is summarized in Table 1.

The average age of patients with bone OS was 21 years (range 2–84 years) and 19 years
(range 0–73 years) for EwS. According to gender, we found 1125 (60%) males and 768 (40%)
females for bone OS; we found 789 (65%) males and 416 (35%) females for EwS.

Among bone OS cases, 78% (1478) arise in the lower extremity, 12% (231) in the upper
extremity, and 10% in the axial compartment. Regarding EwS patients, tumor onset is
mostly in correspondence with the lower extremity (542; 45%) and axial sites (523; 43%),
followed by the upper extremity (140; 12%). Of the 1893 patients with bone OS, 19% of

www.istat.it/statistiche-per-temi/ambiente-e-territorio/
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tumors were metastatic at diagnosis. Considering the 1205 Ewing patients, 24% presented
with metastases at diagnosis.

Table 1. Descriptive analysis of Bone OS and EwS patients.

Bone OS
(N 1893)

Ewing Sarcoma
(N 1205)

Variable Level N (%) N (%)

Age at diagnosis 0 ≤ X ≤ 14 729 (39) 470 (39)
15 ≤ X ≤29 858 (45) 574 (48)
X ≥ 30 306 (16) 161 (13)

Gender Female 768 (40) 416 (35)
Male 1125 (60) 789 (65)

Tumor site Lower 1478 (78) 542 (45)
Upper 231 (12) 140 (12)
Axial 184 (10) 523 (43)

Stage Localized 1532 (81) 916 (76)
Metastatic 361 (19) 289 (24)

Geographic origin North 728 (38) 472 (40)
Center 296 (16) 160 (13)
South and islands 720 (38) 486 (40)
Abroad 149 (8) 87 (7)

Decade 1982–1991 523 (28) 248 (21)
1992–2001 574 (30) 345 (29)
2002–2011 477 (25) 336 (28)
2012–2021 319 (17) 276 (23)

Each group of patients was stratified by geographic origin. Across the bone OS dataset,
728 (38%) came from northern Italy, 296 (16%) from central Italy, 720 (38%) from southern
Italy and islands, and 149 (8%) from abroad. Amongst EwS patients, 472 (40%) came from
northern Italy, 160 (13%) came from central Italy, 486 (40%) came from southern Italy and
islands, and 87 (7%) from abroad.

Patients were divided into decades according to the year of diagnosis: 1982–1991,
decade 1; 1992–2001, decade 2; 2002–2011, decade 3; and 2012–2021, decade 4. Clinical
variables stratified by decade of diagnosis are reported in Table 2 for bone OS and Table 3
for EwS.

Table 2. Descriptive analysis of clinical variables stratified by decade of diagnosis for bone OS.

1982–1991 1992–2001 2002–2011 2012–2021 p-Value

Variable Level N (%) N (%) N (%) N (%)

Age 0 ≤ x ≤ 14 233 (45) 194 (34) 180 (38) 122 (38) <0.001
15 ≤ x ≤ 29 245 (47) 280 (49) 207 (43) 126 (39)
x ≥ 30 45 (9) 100 (17) 90 (19) 71 (22)

Gender Female 230 (44) 230 (40) 196 (41) 112 (35) 0.087
Male 293 (56) 334 (58) 281 (59) 207 (65)

Stage Localized 458 (88) 466 (81) 374 (78) 234 (73) <0.001
Metastatic 65 (12) 108 (19) 103 (22) 85 (27)

Geographic
origin North 212 (41) 209 (36) 174 (36) 133 (42) <0.001

Center 94 (18) 97 (17) 71 (15) 34 (11)
South and
islands 211 (40) 250 (44) 163 (34) 96 (30)

Abroad 6 (1) 18 (3) 69 (14) 56 (18)
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Table 3. Descriptive analysis of clinical variables stratified by decade of diagnosis for EwS.

1982–1991 1992–2001 2002–2011 2012–2021 p-Value

Variable Level N (%) N (%) N (%) N (%)

Age 0 ≤ x ≤ 14 93 (38) 134 (39) 137 (41) 106 (38) 0.009
15 ≤ x ≤ 29 137 (55) 168 (49) 142 (42) 127 (46)
x ≥ 30 18 (7) 43 (12) 57 (17) 43 (16)

Gender Female 86 (35) 131 (38) 115 (34) 84 (30) 0.276
Male 162 (65) 214 (62) 221 (66) 192 (70)

Stage Localized 209 (84) 278 (81) 246 (73) 183 (66) <0.001
Metastatic 39 (16) 67 (19) 90 (27) 93 (34)

Geographic
origin North 102 (41) 143 (41) 121 (36) 106 (38) <0.001

Center 36 (15) 49 (14) 47 (14) 28 (10)
South and
islands 108 (44) 143 (41) 133 (40) 102 (37)

Abroad 2 (1) 10 (3) 35 (10) 40 (14)

The incidence of the two pathologies per year at the IOR is shown in Figure 2.
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3.2. Demographics

Characteristics of the two cohorts of patients were analyzed considering their geo-
graphic origin. For bone OS, all variables, but gender, resulted as statistically significant
when associated with geographic origin (Table 4).
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Table 4. Population characteristics by geographic origin in the bone OS patient cohort.

Geographic Origin

p-ValueNorth
N (%)

Center
N (%)

South/Islands
N (%)

Abroad
N (%)

Gender F 296 (40.66) 127 (42.91) 238 (39.31) 62 (41.61) 0.7491
M 432 (59.34) 169 (57.09) 437 (60.69) 87 (58.39)

Age 0–14 242 (33.24) 132 (44.59) 291 (40.42) 64 (42.95) <0.001
15–29 329 (45.19) 120 (40.54) 333 (46.25) 76 (51.01)
30+ 157 (21.57) 44 (14.86) 96 (13.33) 9 (6.0)

Stage Localized 604 (82.97) 246 (83.11) 572 (79.44) 110 (73.83) 0.0217
Metastatic 124 (17.03) 50 (16.89) 148 (20.56) 39 (26.17)

Concerning the group of patients affected by EwS, there were no significant differences
between origin concerning gender and stage; age resulted significantly associated with
geographic origin (p = 0.0436) (Table 5).

Table 5. Population characteristics by geographic origin in the EwS patient cohort.

Geographic Origin

p-ValueNorth
N (%)

Center
N (%)

South/Islands
N (%)

Abroad
N (%)

Gender F 161 (34.11) 56 (35) 168 (34.57) 31 (35.63) 0.9919
M 311 (65.89) 104 (65) 318 (65.43) 56 (64.37)

Age 0–14 162 (34.32) 65 (40.62) 206 (42.39) 37 (43.53) 0.0436
15–29 232 (49.15) 73 (45.62) 225 (46.30) 44 (50.57)
30+ 78 (16.53) 22 (13.75) 55 (11.32) 6(6.90)

Stage Localized 371 (78.60) 114 (71.25) 368 (75.72) 63 (72.41) 0.1623
Metastatic 101 (21.40) 46 (28.75) 118 (24.28) 24 (27.59)

3.3. Survival Analysis
3.3.1. Bone OS

Of 1735 patients affected by bone OS, the cumulative percentage of overall survival
(OS) was 59% (95% CI 57–62) and 54% (95% CI 52–56) at the 5- and 10-year follow-up,
respectively. Survival analyses are reported in Table 6.

Table 6. Survival estimates and Hazard Ratio from multivariate analysis for bone OS patients.

Variable Level 5-Year OS (95%
CI)

10-Year OS (95%
CI)

HR
(95% CI) p-Value

Age 0 ≤ X ≤ 14 (ref) 64 (0.6–0.7) 57 (0.5–0.6) <0.001
15 ≤ X ≤ 29 60 (0.5–0.6) 56 (0.5–0.6) 1 (0.85–1.18)
X ≥ 30 45 (0.4–0.5) 38 (0.3–0.4) 1.59 (1.29–1.96)

Gender Female
(ref) 61 (0.5–0.7) 57 (0.5–0.6) 0.0044

Male 57 (0.5–0.6) 50 (0.5–0.6) 1.22 (1.06–1.41)

Tumor site Lower (ref) 63 (0.6–0.7) 58(0.5–0.6) <0.001
Upper 56 (0.5–0.6) 50(0.4–0.6) 1.13 (0.92–1.39)
Axial 25 (0.1–0.3) 20(0.1–0.3) 2.56 (2–3.2)

Stage Localized (ref) 67 (0.6–0.7) 61 (0.5–0.6) <0.001
Metastatic 20 (0.1–0.3) 17 (0.1–0.2) 4.44 (3.8–5.2)
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Table 6. Cont.

Variable Level 5-Year OS (95%
CI)

10-Year OS (95%
CI)

HR
(95% CI) p-Value

Decade 1982–1991(ref) 52 (0.4–0.6) 48 (0.4–0.5) <0.001
1992–2001 62 (0.5–0.7) 55 (0.5–0.6) 0.61 (0.52–0.73)
2002–2011 60 (0.5–0.7) 54 (0.5–0.6) 0.62 (0.50–0.73)
2012.2021 67 (0.6–0.7) 62 (0.5–0.7) 0.33 (0.25–0.43)

Geographic origin North (ref) 57 (0.5–0.6) 53 (0.5–0.6) 0.1526
Center 58 (0.5–0.6) 51 (0.4–0.5) 1 (0.9–1.33)
South and islands 60 (0.5–0.6) 55 (0.5–0.6) 0.9 (0.8–1.05)

CI (Interval of Confidence); HR (Hazard Ratio).

Age, gender, tumor site, stage, and decade of diagnosis are independent risk factors
associated with OS (Table 4). Patients over 30 years old have a higher risk of death compared
to younger ones (HR 1.59 p < 0.001). Male patients have a lower survival compared to
females (HR 1.22 p = 0.006). Axial tumors have a worse prognosis than tumors in the lower
extremity (HR 2.56 p < 0.001). The metastatic stage is associated with a higher risk of death
(HR 4.44 p < 0.001). Furthermore, diagnoses in the first decade (1982–1991) are correlated
to a worse prognosis compared to more recent diagnoses (2 vs. 1 HR 0.61 p < 0.001; 3 vs. 1
HR 0.62 p < 0.001; 4 vs. 1 HR 0.33 p < 0.001) (shown in Figure 3).
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Figure 3. Overall Survival estimate in bone OS for patients stratified by decade of diagnosis (years).
Decade 1, 1982–1991; decade 2, 1992–2001; decade 3, 2002–2011; decade 4, 2012–2021.

A significant difference was found comparing decade 2 to decade 4 (HR 1.8 p < 0.001
95% CI 1.4–2.3). Finally, geographic origin did not correlate with survival (p = 0.4329).
Metastases at onset represent a risk factor for all patients with bone OS; by stratifying them
by decade of diagnosis we underlined how this negative prognosis has improved over the
years, going from a 5-year OS of 10% (95% CI 0.04–0.18) in the first decade to 40% in the
fourth decade (95% CI 0.27–0.52). Similar results were found for patients with localized
bone OS (Table 7).
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Table 7. Survival estimate by decade according to tumor stage in bone OS patients.

1982–1991 1992–2001 2002–2011 2012–2021

5-Year OS
(95% CI) p-Value 5-Year OS

(95% CI) p-Value 5-Year OS
(95% CI) p-Value 5-Year OS

(95% CI) p-Value

Localized 58
(0.53–0.62) <0.01 71

(0.67–0.75) <0.01 70
(0.66–0.75) <0.01 76

(0.68–0.83) <0.01

Metastatic 10
(0.04–0.18)

21
(0.14–0.3)

15
(0.08–0.24)

40
(0.27–0.52)

CI (Interval of confidence).

3.3.2. Ewing Sarcoma

Considering a total of 1113 patients affected by EwS, the cumulative percentage of
survival was 59% (95% CI 56–61) and 53% (95% CI 50–56) at 5- and 10-year follow-up,
respectively. Survival estimate analyses are reported in Table 8.

Table 8. Survival estimate and Hazard Ratio from multivariate analysis for EwS patients.

Variable Level 5-Year OS
(95% CI)

10-Year OS
(95% CI)

HR
(95% CI) p-Value

Age 0 ≤ X ≤ 14 62 (0.6–0.7) 63 (0.6–0.7) <0.001
15 ≤ X ≤ 29 53 (0.5–0.6) 48 (0.4–0.5) 1.45 (1.2–1.8)
X ≥ 30 51 (0.4–0.6) 44 (0.4–0.5) 2.01 (1.6–2.6)

Gender Female 61 (0.6–0.7) 56 (0.5–0.6) 0.5281
Male 59 (0.5–0.6) 53 (0.5–0.6) 1 (0.9–1.3)

Tumor site Axial (ref) 51 (0.5–0.6) 46 (0.4–0.5) 0.0003
Lower 65 (0.6–0.7) 60 (0.5–0.7) 0.68 (0.6–0.8)
Upper 66 (0.6–0.7) 57 (0.5–0.7) 0.79 (0.6–1)

Stage Localized 68 (0.6–0.7) 62 (60–65) <0.001
Metastatic 29 (0.2–0.4) 24 (20–31) 3.78 (3.1–4.6)

Decade 1982–1991 46 (0.4–0.5) 39 (0.3–0.5) <0.001
1992–2001 61 (0.6–0.7) 54 (0.5–0.6) 0.52 (0.4–0.7)
2002–2011 63 (0.6–0.7) 58 (0.5–0.6) 0.43 (0.3–0.5)
2012–2021 65 (0.6–0.7) 60 (0.5–0.6) 0.30 (0.2–0.4)

Geographic origin North 61 (0.6–0.7) 56 (0.5–0.6) 0.2545
Center 60 (0.5–0.7) 54 (0.5–0.6) 0.96(0.7–1.2)
South and islands 56 (0.5–0.6) 50 (0.5–0.6) 1.14 (0.9–1.4)

CI (Interval of Confidence); HR (Hazard Ratio).

Age, tumor site, stage and time of diagnosis resulted as independent risk factors when
associated with survival. Precisely, age between 15 and 29 years or over 30 affected survival
(HR 1.45 p < 0.001 and HR 2.01 p < 0.001, respectively). Tumor onset in the lower extremities
resulted in being less risky than axial development (HR 0.68 p < 0.001). The metastatic stage was
associated with poorer outcome (HR 3.78 p < 0.001), a result confirmed in all decades (Table 9).

Diagnoses made in the first decade have a worse prognosis compared to more recent
diagnoses (2 vs. 1 HR 0.52 p < 0.001; 3 vs. 1 HR 0.43 p < 0.001; 4 vs. 1 HR:0.30 p < 0.001)
(Figure 4).

In terms of survival, a significant difference was found comparing decade 2 to decade
4 (HR 1.69 p < 0.0001 95% CI 1.28–2.23). Geographic origin did not correlate with survival.
Finally, comparing patients with bone OS and EwS there were no significant differences in
terms of survival either considering the whole cohort of patients (p = 0.3720) or limiting the
analysis to patients with localized disease (p = 0.83).
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Table 9. Survival estimate by decade according to tumor stage for EwS patients.

1982–1991 1992–2001 2002–2011 2012–2021

5-Year OS
(95% CI) p-Value 5-Year OS

(95% CI) p-Value 5-Year OS
(95% CI) p-Value 5-Year OS

(95% CI) p-Value

Localized 55
(0.5–0.6) <0.01 68

(0.6–0.7) <0.01 73
(0.7–0.8) <0.01 81

(0.7–0.9) <0.01

Metastatic 3
(0.02–0.11)

31
(0.2–0.4)

33
(0.2–0.4)

33
(0.2–0.4)

CI (Interval of confidence).
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4. Discussion
This study investigates clinical and demographic data of patients affected by bone OS

and EwS in Italy, treated at the IOR in the last 40 years (1982–2021). Previous studies have
explored the relationship between socioeconomic factors and risk of presenting with known
bone tumor-related prognostic factors [19]. There are available international data for bone
OS and EwS assessing the association between rurality and oncological outcomes while
controlling for crucial socioeconomic factors [20,21]. However, no studies have completed a
combined analysis to determine if there is an association between geographic provenience
and clinical characteristics/outcome of bone OS or EwS in Italy. For this purpose, we
collected data from the IOR in the last 40 years (1982–2021), to improve the availability of
information on these rare diseases.

The overall incidence of patients diagnosed and treated at the IOR increased between
1982 and 2001 for both types of sarcoma, confirming Rizzoli’s primacy in Italy for muscu-
loskeletal pathology treatment in the 1980s and 1990s, immediately after the introduction of
neoadjuvant chemotherapy [22,23]. After 2000, however, there was a decline in attendance
at our Institute, and this can certainly be attributed to the emergence of others sarcoma
treatment centers in Italy.

Decades of diagnosis and clinical variables underline an increased trend in metastatic
diagnoses, in the proportion of people diagnosed after the age of 30, and in patients coming
from abroad. We believe that this is due to the necessity of metastatic patients to be
addressed at specific sarcoma treatment center, such as the IOR (second-level treatment
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center) [23,24]. Instead, the lower number of pediatric patients counted in the years could
be due to the spread of others treatment centers in Italy.

After 2000, there was a decline in patients treated at the IOR regardless of the region
of origin. An opposite trend is observed for foreign patients, probably related to increased
travel feasibility and as well to the advancement of internet communication that has
facilitated access to clinical information. Geographic origin was also associated with age in
both cohorts of patients, with a higher prevalence of younger patients, possibly due to the
necessity of more specific treatments provided only in sarcoma reference centers [24]. This
trend confirms the pivotal contribution of IOR till 2000 in the management of sarcomas in
Italy across all ages.

Among bone OS, the analysis indicates a significant association between regions of
origin and tumor stage. We noted that metastatic patients coming from the north and
from the center of Italy were lower compared to the localized ones, perhaps thanks to
quicker diagnosis, considering their proximity to the IOR. However, these geographical
disparities can also be explained by differences in socioeconomic and medical status. To our
opinion, changing incidence could result from numerous factors, including completeness
of registration, population composition, and exposure to risk factors. The association
between region of provenance and other clinical variables suggests a possible role of this
variable and highlights a further factor to consider. Monitoring these trends is important
for planning healthcare delivery and for prevention screening and monitoring.

Survival analysis showed that the 5-year and 10-year OS for bone OS patients was 59%
(95% CI 57–62) and 54% (95% CI 52–56), respectively. For patients with EwS, the 5-year
and 10-year OS corresponded to 59% (95% CI 56–61) and 53% (95% CI 50–56), respectively.
These results were comparable to previously reported data [25,26].

In agreement with other studies [27–29], our findings showed that age is a significant
risk factor associated with survival. Patients younger than 14 years have a more favor-
able prognosis compared to older ones, either due to a better response to chemotherapy
treatment, despite the higher dosage usually administrated to them, or to the absence
of comorbidities.

We observed that bone OS and EwS occur more often in males compared to females,
even if gender resulted in being a risk factor associated with survival in bone OS but not in
EwS. Other analyses have also reported a similar trend either in bone OS [26] or in EwS [30].
However, it should be considered that gender disparities in overall tumor incidence and life
expectancy are significantly influenced by socioeconomic and cultural factors, exhibiting
varied distribution across different global regions. Both statistical analyses and historical
evidence consistently indicate that social inequalities between genders play a crucial role in
shaping these patterns [31].

In general, 80% to 90% of bone OS cases occur in long tubular bones, and the axial
skeleton is rarely affected [32]. EwS of the bone mostly affects the diaphysis and has
a predilection for long and axial bones [33]. Our analysis shows that for both types of
sarcomas, the site is a significant risk factor associated with survival. Tumors localized
into the extremities have a better course than the axial ones. This, according to previ-
ous studies [26,32], is certainly related to a more effective surgical approach, often with
adequate margins.

Survival rates have evolved over the past four decades (p < 0.001), a conclusion that is
further corroborated by Italian cancer epidemiological data [11].

The factors contributing to this outcome are numerous and, in our view, interrelated,
to the evolution of a multidisciplinary approach in oncology. This method began to take
shape in the mid-1980s, when it was demonstrated that incorporating chemotherapy along-
side radiotherapy and/or surgery significantly enhanced patient survival [34]. In recent
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decades, there has been a significant transformation in the detection and treatment of
cancer, facilitated by advancements in imaging technology (MRI/CT scan) and molecu-
lar biological techniques [12,35]. Advances in technology and biological understanding
highlight that interdisciplinary collaboration is key.

Regarding the medical management of osteosarcoma and Ewing’s sarcoma, there
has been little significant change in chemotherapy from the early 1980s to the present.
While some treatment protocols have undergone minor modifications or implementations,
these adjustments have had minimal effect on patient prognosis [36,37]. A comparable
observation can be made regarding surgical techniques. Nevertheless, during this period,
limb-sparing surgical strategies began to be favored over more invasive methods, such as
amputation, particularly when combined with neo-adjuvant chemotherapy [38,39].

In summary, the synergic collaboration of various professionals yields significant
advantages in the care of cancer patients, leading to enhanced quality of life and, ultimately,
better treatment outcomes and survival rates.

In our case series, metastatic sarcomas at diagnosis were 19% in bone OS and 24% in
EwS, with a clear prevalence of lung metastases in both cases (75% and 51%). As expected,
metastases at onset are a poor prognostic sign for all patients [40,41].

Regardless of the tumor stage, both bone OS and EwS showed a change in survival over
the decades of diagnosis. Despite this, the prognosis is still not good for metastatic patients.
This improvement in prognosis may be explained with the introduction of increasingly
effective therapies combined with more accurate and precise diagnoses including genetic
and molecular techniques [13]. However, caution should also be taken in comparing
historical data, since more refined imaging techniques have led to a stage shift over the
last decades.

Comparing the survival curves between the second and fourth decades of diagnoses,
since the 1990s, Rizzoli was almost the only referral center for musculoskeletal tumors
in Italy. We highlighted a significant difference. Nevertheless, the reduced follow-up
for patients in the fourth decade should be considered. Finally, geographic provenience
was not an independent risk factors for mortality. This result is in contrast with other
published data, where the distance to the nearest comprehensive center affects survival
outcomes [20,21].

This retrospective analysis also aimed to investigate patient flow at the IOR from
different geographic areas of Italy, presuming a higher turnover from the bordering regions.
However, no difference was observed; the number of patients coming from the north and
south of Italy was very similar, while the number of patients coming from the center was
lower, to a lower population and a smaller geographical area.

The retrospective design of the study and the long period covered are the main weak-
nesses of this study. Due to the nature of a retrospective cohort, the accuracy of historical
data can give potential bias in the data collection. Furthermore, certain variables such as
socioeconomic ones are lacking, and this can be important to consider when evaluating
differences between region of provenience and accessibility to healthcare. However, to our
knowledge, this review is the largest bone OS and EwS study performed to date in Italy.
The large number and broad eligibility criteria of patients, which include patients with
axial or metastatic disease, extend the relevance of our findings compared to most other
musculoskeletal tumor analyses.

Finally, these relevant numbers demonstrate an almost half-century experience of the
Rizzoli Institute in the treatment of bone sarcomas despite the rareness of these pathologies;
moreover, this experience includes extensive expertise in the treatment of pediatric patients.
Therefore, in our opinion the management of sarcomas should be performed by a Sarcoma
Specialist Network, with strong knowledge, as demonstrated here.
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5. Conclusions
The findings of this study acknowledge and establish once again the fundamental role

in the treatment of rare diseases and the role of specialized centers with multidisciplinary
expertise. We confirmed known prognostic factors, and thanks to the considerable number
of patients included, we underlined their role in clinical practice. Despite the absence of
correlation between geographic origin and survival, we validated that it is associated with
relevant clinical variables. Future studies should aim to determine its role in these diseases.

Author Contributions: Conceptualization, N.B., M.G., K.S. and D.M.D.; methodology, C.F., R.L.
and E.C.; validation, C.F., R.L. and G.M., formal analysis, R.L. and E.C.; investigation, C.F. and R.L.;
resources, G.M. and M.G.; data curation, C.F., R.L. and G.M.; writing—original draft preparation, C.F.
and R.L.; writing—review and editing, C.F., R.L., G.M., E.C., G.B., K.S., D.M.D.; visualization, N.B.,
M.G., M.C., K.S. and G.B.; supervision, G.B., K.S., M.G. and D.M.D. All authors have read and agreed
to the published version of the manuscript.

Funding: The publication of this article was supported by the Italian Ministry of Health (5 × 1000 year
2022 (incomes 2021), contributions to the IRCCS, Istituto Ortopedico Rizzoli).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Local Ethical Committee (CE-AVEC; Prot.No.641/2023/Oss/IOR)
on 3 November 2023.

Informed Consent Statement: Consent was not requested as per terms of the law (Article 110(b) of
the Italian privacy law (Italian Legislative Decree no. 101(1) of 10 August 2018), which indicates that
informed consent for retrospective studies is not mandatory for a Scientific Institute for Research,
Hospitalization, and Healthcare (IRCCS).

Data Availability Statement: The data that support the findings of this study are not publicly avail-
able due to their containing information that could compromise the privacy of research participants
but are available from the corresponding author (R.L.) upon reasonable request.

Acknowledgments: We are grateful to Biobank (Muscolo skeletal tumor biobank- biobanca dei
tumori muscoloscheletrici (BIOTUM)), a member of the CRB-IOR, which provided us the clinical
data of patients. We would also like to show gratitude to Denisa Ivančinová for her help with
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