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HIGHLIGHTS

o Different tumor types have different epidemiological manifestations in terms of morbidity and mortality and have shown different trends in recent years, and these
variables provide guidance for further allocation of medical resources.

e The study found that the incidence of chondrosarcoma patients decreased while the incidence of chordoma patients increased between 2000 and 2017.

o The incidence of all kinds of primary bone cancer with WHO grade I and II decreased.

ARTICLE INFO ABSTRACT

Keywords: Background: Primary malignant bone cancers have extremely low incidence, resulting in poor evaluation of their
Prif“ary malignant bone cancer epidemiological characteristics. The objective of this study was to investigate trends in the incidence of primary
Incidence malignant bone cancers and related mortality.

r:;:;l‘ty Materials and methods: Data from patients diagnosed with malignant bone cancers from 2000 to 2017 in the

Surveillance Epidemiology and End Results database were retrospectively analyzed. Annual age-adjusted inci-
dence and mortality were calculated, and the annual percentage change analyzed. Further, characteristics
including patient age and sex, as well as the primary site and stage of different tumor types, were analyzed.
Results: The overall age-adjusted incidence rate of primary malignant bone cancers was 7.70 per million people
per year, and incidence rates had increased in patients between 60 and 79 years old, or with tumor size > 8 cm.
The incidence of chordoma increased significantly (annual percentage change (APC), 3.0 % per year), while
those of WHO grade I and II primary bone cancers decreased. During 2000-2017, the mortality rate attributable
to malignant bone cancers across the entire United States was 4.41 per million people per year. A positive
mortality trend was observed during the study period (APC = 0.7 %, 95 % confidence interval: 0.0 %-1.5 %).
Patients with osteosarcoma, and those who were female or of white ethnicity showed significant increasing
trends in mortality rate.

Conclusions: Different tumor types have variable epidemiological manifestations, in terms of incidence and
mortality, and exhibited altered trends over recent years. These variables can provide guidance to inform allo-
cation of medical resources.

Surveillance Epidemiology and End Results
Annual percentage change

tumor of bone (GCTB). OS, CS, and Ewing sarcoma are the most common
types, comprising 35 %, 30 %, and 16 % of primary malignant bone

1. Introduction

Malignant primary bone cancers are extremely rare, comprising only
0.2 % of all neoplasms. In 2024, an estimated 3970 new cases will be
diagnosed and 2050 individuals will die because of bone and joints
cancers in the USA [1]. Bone tumors include osteosarcoma (OS), chon-
drosarcoma (CS), Ewing sarcoma, chordomas, and malignant giant cell
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cancers, respectively, while chordomas and GCTB are relatively rare,
accounting for fewer than 5 % [2].

Malignant primary bone tumors are aggressive and can damage
surrounding muscle, soft tissue, and neurovascular structures, leading to
patient deaths [3-5]. Further, these tumors impose a substantial
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economic burden on society and families. A study of 49 centers found
that the mean + standard deviation cost of cervical corpectomy for
spinal tumors was $9134 (+ $10034), while that of thoracic lam-
inectomy for neoplasm excision was $5382 (+ $5502), and superficial
bone biopsy cost $1853 (+ $1717) [6]. Hence, prompt diagnosis is
crucial to improve the survival rates of patients with these diseases.
Unfortunately, rates of missed diagnosis are often high, due to the
exceedingly low incidence rates of such tumors. Furthermore, accurate
epidemiologic data are lacking, because most previous studies have been
limited by small data samples or use of older data, due to the rarity of
these cancers, resulting in poor understanding of the presentation and
survival prospects of patients with these tumors.

In our study, we extracted recent data from the Surveillance Epide-
miology and End Results (SEER) database, which covers approximately
26 % of the US population [7]. The purpose of our study was to analyze
the presentation and epidemiology of patients with CS, OS, Ewing sar-
comas, chordomas, and malignant GCTB. Our findings represent a sys-
tematic and comprehensive overview of malignant primary bone
cancers, which can offer guidance to clinicians.

2. Methods
2.1. Data source

Age-adjusted incidence data from 2000 to 2017 were extracted from
the SEER-18 registry database [8], which is derived from 18 high-
quality, population-based registries, distributed in 18 states, covering
approximately 26 % of the U.S. population. Demographic and cancer
diagnostic information was extracted from the medical records of each
case. Age-adjusted rates were calculated as weighted averages of crude
rates, where the weights were the proportions of persons in corre-
sponding age groups in a standard population; this approach minimizes
the effect of differences in age distributions when comparing rates.

Incidence-based mortality data were obtained from the SEER-9 reg-
istry database [9], which includes information from around 10 % of the
US population. Death data for each case was extracted from death cer-
tificates. Unlike general mortality rate, incidence-based mortality allows
partitioning of mortality according to variables associated with cancer
onset; its accuracy depends on high-quality population-based registry
data and high-quality follow-up information. The analysis included
cases diagnosed during 1975-2017 and deaths during 2000-2017,
which ensured the maximum number of deaths and avoided underesti-
mation of mortality in the earlier years.

2.2. Demographic and cancer characteristics

Demographic information analyzed in this study were primarily sex,
race, and age. Age at diagnosis and age at death were extracted from
medical records and death certificates, respectively, and divided into
age groups (0-19, 20-39, 40-59, 60-79, and 80+ years).

Primary malignant bone tumors were defined according to the In-
ternational Classification of Diseases for Oncology, Third Edition (ICD-
0-3). The site code was ICD-O-3 topography code, C40.0-C41.9. Histo-
logical types included: OS (ICD-O-3 histologic code: 91809194), CS
(9220-9243), Ewing sarcoma (9260), chordoma (9370-9372), and GCTB
(9250-9252). Only bone cancers with malignant behavior (ICD-O-3
behavior code, /3) were included.

Pathological grade of malignant bone cancer was defined by grade,
as follows: Grade I, well differentiated; Grade II, moderately differen-
tiated; Grade III, poorly differentiated; and unknown, grade cannot be
assessed. The stages of malignant bone cancer for cases diagnosed be-
tween 2000 and 2015 were coded using SEER Historic Stage A, and
divided into localized, regional, distant, and unknown. The American
Joint Committee on Cancer (AJCC) Cancer Staging Manual, 6th Edition,
was used to classify cases diagnosed between 2004 and 2015 into stage
I-1V or unknown. In addition, continuously updated schemes to define
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tumor size have been available since 1983: extent of disease-4 code
(1983-1987), extent of disease-10 code (1988-2003), collaborative
staging code (2004-2015), and tumor size summary (2016 and later);
these codes were used in combination to determine bone tumor size.

2.3. Statistical analyses

Age-adjusted incidence and incidence-based mortality rates were
calculated using SEER Stat 8.3.5. All rates are expressed per million
person-years. Age-adjusted rates were calculated based on the 2000 US
standard population. Joinpoint regression analysis program (version
4.0.2) was used to determine the significance of changes in incidence
and mortality trends. Annual percentage change (APC) and 95 % con-
fidence interval (CI) values were calculated to quantify incidence and
mortality trends. Statistical significance was determined using the
Monte Carlo permutation method. Two-sided P < 0.05 was considered
statistically significant.

3. Results
3.1. Incidence of malignant bone cancer

During 2000-2017, 11,793 patients newly-diagnosed with malig-
nant bone cancer were registered in the SEER-18 database. The majority
of patients were male (6609 [56.0 %]) and white (9722 [82.4 %]).
According to age distribution, the proportion of children and adoles-
cents (<20 years old) was highest, reaching 3584 cases (30.4 %).
Common histologic types of malignant bone tumor were OS (4603 [39.0
%]) and CS (CS, 3897 [33.0 %]); however, OS and CS showed
completely different age distributions, with OS tending to occur in
children and adolescents (<20 years old: 2204 cases [47.9 %]), while CS
was more common in middle-aged and older individuals (>40 years old;
2932 cases [75.2 %]).

According to cancer characteristics, the number of patients diag-
nosed with grade III malignant bone cancer was largest, and OS was the
dominant histologic type. In patients diagnosed with grade I or II cancer,
CS was the dominant histologic type. Although the majority of patients
had localized (4036 [38.9 %]) or regional (3847 [37.0 %]) stage can-
cers, cases with distant metastases (1842 [17.7 %]) were not uncom-
mon. Distant metastasis occurred in more cases of OS than CS (870
[21.4 %] vs. 325 [9.4 %]). According to AJCC/TNM stage, OS was
dominated by stage II and IV, while CS was dominated by stage I. Pa-
tients with tumor size < 8 cm were more common across all cases, while
tumors > 8 cm were more common in patients with OS.

The overall age-adjusted incidence rate (AAIR) during the study
period was 7.70 (95 % CI, 7.56 to 7.84) per 1,000,000 person-years. The
AAIR values for OS and CS were 3.04 (95 % CI, 2.95 to 3.12) and 2.51
(95 % CI, 2.43 to 2.59) per 1,000,000 person-years, respectively. In
general, AAIR was higher in males than in females, and in people with
white than those with black or other ethnicity; however, AAIR of OS was
higher in the population with black ethnicity than that in those with
white ethnicity (3.67 [95 % CI, 3.40 to 3.96] vs. 3.04 [95 % CI, 2.94 to
3.15] per 1,000,000 person-years). In addition, the AAIR of CS increased
with age, while that of OS peaked at 5.19 (95 % CI, 4.97 to 5.41) per
1,000,000 person-years in people younger than 20 years.

3.2. Mortality attributable to malignant bone cancer

There were 2,210 deaths recorded in the SEER-9 database from 2000
to 2017. Among these, 1,284 (58.1 %) were male and 1,811 (81.9 %)
were patients with white ethnicity. According to age distribution, the
proportions of mortality in middle-aged and older patients were slightly
higher than those of young patients. In addition, there were relatively
large numbers of deaths in patients with OS of all age groups, while
deaths in young patients with CS were rare. Most deaths occurred in
patients with OS (858 [38.8 %]) and CS (806 [36.5 %]), while other
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tumor types were responsible for relatively fewer deaths. Regarding
WHO grade, the majority of deaths were of patients diagnosed with OS
grade III, but the number of deaths of patients diagnosed with CS did not
differ among those diagnosed with different grade tumors. Among pa-
tients diagnosed with OS, deaths were most common in those with
regional stage disease, while deaths were most frequent in patients
diagnosed with localized stage CS. In terms of tumor size, numbers of
deaths were similar between patients with tumor > 8 cm and < 8 cm.

During 2000-2017, 25,229 patients died of malignant bone tumors,
according to data from across the entire United States, representing a
mortality rate of 4.41 (95 % CI, 4.36 to 4.47) per 1,000,000 person-
years. Male (5.48 per 1,000,000 person-years) had a higher mortality
rate than female (3.50 per 1,000,000 person-years) patients. For the
population covered by the SEER-9 database, overall incidence-based
mortality (IBM) was 4.21 (95 % CI, 4.04 to 4.39) per 1,000,000
person-years, while the IBM of males was higher than that of females,
reaching almost double in patients with CS. In addition, the IBM rates of
patients with CS and OS were 1.65 (95 % CI, 1.54 to 1.77) and 1.51 (95
% CI, 1.41 to 1.62) per 1,000,000 person-years, respectively, which was
much higher than those for other tumor types. Patients with WHO grade
III tumors had higher IBM, reaching 1.50 (95 % CI, 1.40 to 1.61) per
1,000,000 person-years, particularly individuals with OS. Among all
patients with malignant bone tumors, those with regional lesions had
the highest IBM, at 1.53 (95 % CI, 1.42 to 1.65) per 1,000,000 person-
years. IBM rates were similar between patients with tumor size > 8
cm and < 8 cm.

3.3. Incidence trends of malignant bone cancers.

Among all patients with malignant primary bone cancers included,
an increasing overall incidence rate was observed between 2000 and
2017, but was not significant (APC = 0.2 %, 95 % CI: -0.3 % to 0.6 %)
(Fig. 1A). A significant increase in the incidence of malignant bone
cancer was detected only in patients aged 60-79 years (APC = 0.9 %, 95
% CI: 0.1 % to 1.6 %) (Fig. 1B). The incidence of chordoma increased
significantly, at a rate of 3.0 % (95 % CI: 1.5 % to 4.5 %) per year. During
the research period, incidence rates increased significantly for localized,
stage I, stage II, and all size categories of malignant bone cancers, while
they decreased significantly for WHO grade I and II malignant bone
cancer (Fig. 1C and D).

Among patients with OS, incidence was stable during the study
period (APC = 0.95 % CI: -0.9 % to 0.9 %). Significant increases in
incidence rates were detected only in patients with stage II (APC = 3.1
%, 95 % CI: 0.6 % to 5.7 %) and tumor size > 8 cm (APC = 4.1 %, 95 %
CL: 2.7 % to 5.6 %) (Fig. 1E). Among patients with CS, a significant
decrease in the incidence rate was observed during the study period
(APC = —0.6 %, 95 % CI: -1.2 % to —0.1 %). The incidence rate of CS
decreased significantly in female patients between 2000 and 2017 (APC
= -1.0 %, 95 % CIL: -1.5 % to 0.5 %). Among different age groups,
incidence of CS only decreased significantly in patients aged 40-59
years (APC =-1.7 %, 95 % CI: -2.7 % to —0.6 %). Significant increases in
incidence rate of malignant bone cancer were observed for WHO grade
111, stage I, and all tumor size categories, while significant decreases in
the incidence rate were observed for WHO grade I and regional malig-
nant bone cancer (Fig. 1F).

3.4. Mortality trends among patients with malignant bone cancer

For the population covered by SEER-9, IBM attributable to malignant
bone cancer rose significantly during the study period (APC = 0.7 %, 95
% CI: 0.0 % to 1.5 %), with OS the dominant disease (APC = 1.0 %, 95 %
CL: 0.0 % to 1.9 %) (Fig. 2A and 2B). Significant increases in the IBM
trend were detected among female patients (APC = 1.0 %, 95 % CI: 0.1
% to 2.0 %) and those of white ethnicity (APC = 0.9 %, 95 % CI: 0.0 % to
1.9 %) (Fig. 2C). Patients with WHO grade IIl malignant bone cancer had
increasing IBM (APC = 2.0 %, 95 % CI: 0.0 % to 4.0 %) with a borderline
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P value (Fig. 2D). Among patients with OS, significantly increased IBM
was observed for those with malignant bone cancers of WHO grade III,
that were localized, or > 8 cm (Fig. 2E). Further, a significant increase in
IBM of patients with CS was only detected among those with tumor size
> 8 cm had (Fig. 2F).

4. Discussion

To the best of our knowledge, data suitable for investigating the
incidence of primary bone tumors and related mortality are scarce, due
to the relative rarity of these tumors. Here, we collected recent data from
patients with primary bone tumors from the SEER database and con-
ducted detailed analyses of incidence and mortality according to age,
sex, race, histologic type, grade, stage, and tumor size. Our findings can
potentially address the lack of data regarding primary brain tumors, by
providing up-to-date estimates. To avoid potential selection bias, this
study was conducted using a large, population-based sample.

First, we found that the overall AAIR of primary malignant bone
tumors between 2000 and 2017 was 7.70 (95 % CI, 7.56 to 7.84) per
1,000,000 person-years, while the mortality attributable to malignant
bone tumors across the entire United States was 4.41 (95 % CI, 4.36 to
4.47) per 1,000,000 person-years. The incidence of bone cancers re-
ported in this study is similar to that found in other regions. A study in
Taiwan [10] reported an age-standardized incidence rate of primary
bone cancer between 2003 and 2010 of 6.70 per million person-years;
the authors detected an upward trend of 4.8 % per year over the study
period, which was more significant in females. Another study from
Brazil [11] showed that the median incidence rates of bone tumors were
5.74 and 11.25 per million in children and young adults respectively,
while the corresponding median mortality rates were 1.22 and 5.07
deaths per million. An analysis of epidemiological data related to bone
tumors in Lebanon from 2000 to 2022 reported a total of 730 bone
tumor diagnoses, of which 64 % were malignant and 40 % were me-
tastases [12].

In the present study, we found that primary bone tumors, including
0S, occurred more frequently in males than in females, with a ratio of
1.3:1, which is consistent with previous reports [13,14]. We found that
OS was the most common type of primary bone cancer followed by CS
and Ewing’s sarcoma. Corresponding with the established consensus
that OS has a bimodal age distribution, with an early peak between the
ages of 10 and 19 years and a later peak among those over 60 years old
[15-17], we observed two incidence peaks in the population categories
younger than 20 years and older than 60 years. OS in older adulthood is
generally considered to be a secondary neoplasm related to sarcomatous
transformation of Paget’s bone disease [18], and there is significant
geographic variation in the incidence of Paget’s disease, with high
prevalence noted in the UK and North America [19]. This can partially
explain the high incidence of OS observed in older adults in our
research.

We also conducted subgroup analysis to investigate variations in the
incidence of primary bone cancers and related mortality and identified
an increase in the overall incidence among patients aged between 60
and 79 years, which may be attributable to several factors: (1) available
data from older patients with primary bone cancer has gradually
improved over recent years; (2) exposures, such as irradiation, which
can lead to increased development of OS; (3) deficiency in sun exposure
resulting in lack of vitamin D, as adequate vitamin D uptake is correlated
with lower risk of OS [19,20]. Further, we report a decrease in the
incidence of patients with CS, while there was an increase in that of
patients with chordomas, which are extremely rare tumors whose inci-
dence increases with age. The rise in numbers of older patients included
in the SEER database and progress in imaging techniques may have
contributed to the increase in diagnosis of chordomas [21]. It is difficult
to assess chondroid tumors at the histopathological level and to distin-
guish benign disease from CS [22,23]. In recent years, more precise
diagnosis of CS has actually prompted a decrease its in incidence.
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Fig. 1. Trends in Annual Primary Malignant Bone Cancer Incidence Rates. (A) represents primary malignant bone cancer incidence (2000-2017), overall and by
histologic type; (B) incidence (2000-2017) according to age group; (C) incidence (2000-2017) according to WHO grade; (D) incidence (2000-2015) according to
stage; (E) incidence (2004-2015) according to AJCC/TNM; (F) incidence (2000-2017) according to tumor size. Each point represents the observed incidence rates
(1,000,000 person-years). The slope of the lines represents the annual percent change (APC). All rates are age-adjusted to the 2000 US standard population.
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Furthermore, we demonstrated increased incidence of patients with
TNM stage II OS and tumor size > 8 cm; however, the incidence of all
kinds of primary bone cancer of WHO grade I and II was decreased.

Patients with primary bone cancer generally have a poor prognosis.
Our findings showed no significant differences in overall mortality,
although the mortality of patients with OS increased. Further, while
previous studies have reported that the 5-year survival rate of patients
with OS has increased significantly due to the use of chemotherapeutic
agents, survival has not improved and new drugs have failed to reduce
the mortality of patients with OS over the past 30 years for complex
reasons [24-26]. First, the anatomical locations of OS vary according to
sex and age and can lead to more difficulty in treatment. Second, drug
resistance almost invariably occurs, limiting treatment efficacy [27].
Tumor size is an important prognostic factor influencing the survival of
patients with OS [28]. Bao et al. reported that patients with tumor size
> 8 cm were prone to early metastasis, resulting in extremely poor
prognosis. Here, our data suggest that the mortality of patients with
tumor size > 8 cm increased from 2000 to 2017.

This research had several limitations. First, due to the retrospective
nature of our analyses using a large national database, we could only
estimate incidence and mortality based on registry data. Thus, the ac-
curacy of our conclusions largely depends on the precision of the raw
data. Although we retrieved as much relevant data as possible from the
SEER database, large quantities of information about patients with pri-
mary bone cancers were missing. Moreover, records of patients who died
from these tumors are rare, because of their low incidence. Thus, it is
difficult to distinguish meaningful results, since slight changes in the
data can lead to significant fluctuations.
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