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Abstract

BACKGROUND: Osteosarcoma is the most common primary bone malignancy. As a rare cancer,
population-based studies remain small with limited information on finer demographic categories.
Recent studies have reported important genetic differences based on age and ethnicity, and more
detailed studies are needed to better understand potentially important osteosarcoma risk groups.

METHODS: Incidence and survival rates for 5016 patients with osteosarcoma from the
Surveillance, Epidemiology, and End Results (SEER) program (1975-2017) were analyzed by
age (0-9, 10-24, 25-59, and >60 years old), race/ethnicity, histologic subtype, stage, and tumor
location using SEER*Stat software.

RESULTS: For cases 0 to 9 years old, incidence of primary osteosarcoma was similar between
the sexes, increased significantly throughout the study period (P < .05), and the 5-year relative
survival has steadily increased over time. Blacks had the highest incidence in all aged cases
combined and a significant increase in incidence throughout the study period (P < .05). Overall,
survival rates for all cases have remained relatively unchanged over recent decades, with worse
survival observed in males, American Indian/Alaska Native cases, older patients, metastatic
disease, axial tumors, and subsequent osteosarcoma cases. For cases 0 to 24 years old, the
incidence of subsequent osteosarcoma increased 3-fold since the 2000s.

CONCLUSION: Important differences in osteosarcoma incidence and survival, particularly for
the youngest children, ethnic minorities, and subsequent osteosarcoma, are identified. A genetic
risk factor may be associated with observed ancestry-specific incidence differences and illustrates
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the importance of analyzing osteosarcoma by specific age groups and ethnicities to better
understand their unique epidemiology and underlying biology.
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INTRODUCTION

Osteosarcoma is the most common malignant primary bone tumor with peak incidence
during adolescence.! Osteosarcoma risk factors include prior therapeutic radiation,? tall
stature,3# high birth-weight,3 and several cancer predisposition syndromes including Li-
Fraumeni syndrome® and hereditary retinoblastoma.” Emerging evidence has also identified
a remarkably high number of deleterious germline genetic variants in osteosarcoma cases,
particularly in the youngest cases.8® Approximately one-fourth of osteosarcoma cases
were recently reported to have a germline pathogenic variant in an established cancer-
susceptibility gene, and cases aged <10 years had the highest frequency.8

Numerous population-based epidemiologic studies have examined osteosarcoma incidence
and survival by specific age groups.110-16 These studies have identified several unique
epidemiological features that vary by age, including an increased occurrence of axial tumors
and metastatic disease and worse 5-year survival in the oldest patients.1-13 However, there

is still a paucity of data on the youngest osteosarcoma cases, because they are typically
grouped with adolescent and young adult cases due to the rarity of disease. A recent study
observed that the youngest cases (<10 years old) had the most substantial improvement in
relative survival over the past 3 decades.1! Limited information is also available on racial
minorities, despite evidence that people of African ancestry have a higher incidence of
osteosarcoma.1’

The National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)
program covers up to 34% of the US population,1® which creates an opportunity to

perform detailed analyses on incidence and survival for rare cancers. Here, we compare
osteosarcoma incidence and survival in 4 age groups (0-9, 10-24, 25-59, and >60 years old)
by race/ethnicity, sex, decade, pathologic subtype, and tumor location. We also compare the
incidence and survival of metastatic disease by age group and perform a detailed analysis of
subsequent osteosarcoma.

MATERIALS AND METHODS

Patient data were obtained from the SEER 9 and 18 databases. Frequency, incidence,

and survival rates by decade were calculated using the SEER 9 registry (1975-2017)

to allow for comparisons across 5 decades. SEER 18 (2000-2017) was used for all

other analyses to allow for detailed race designations (White, Black, American Indian/
Alaska Native, Asian/Pacific Islander, and Hispanic). SEER*Stat (version 8.3.8)1° was
used to calculate frequency, incidence, and survival statistics. Incidence rates (IRs) are per
1,000,000, and age-adjusted using the 2000 US standard population, and 95% confidence
intervals (CI) were estimated for the main incidence and survival rates. Osteosarcoma
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cases were classified according to the adolescents and young adults site recode/World
Health Organization 2008 classification. Anatomic site codes (C40.0-40.3 and C41.0-
41.4) and histology subtypes (9180-9186 and 9192-9194) were classified according to
the International Classification of Disease for Oncology, 3rd edition (ICD-0O-3). Primary
osteosarcoma was defined using sequence number as “one primary only or 1st of 2 or
more primaries,” and osteosarcoma as a subsequent primary was defined using sequence
number “2nd of 2 or more primaries” or greater (termed “subsequent osteosarcoma™). To
characterize the first primary tumors, case listing sessions were restricted to at least 1
additional record. “Distant” disease was considered metastatic.

Cases were divided into 4 age groups (0-9, 10-24, 25-59, and >60 years old) when numbers
were sufficient (n = 10 cases). These age groups were chosen based on previously published
suggested underlying genetic or biologic differences in pre-pubertal, pubertal, and elderly
osteosarcoma cases, and on the ability to compare to previous published studies.110.20
Annual percent change (APC) was calculated using the weighted least squares method, and a
Pvalue <.05 was considered significant.

Five-year relative survival (RS) rates were calculated by the Ederer Il method using
SEER*Stat. RS was chosen for estimating population-level survival patterns.?! Percent
relative 5-year survival rates by decade were calculated through 2016 to allow for at least
1 year of follow-up, except for metastatic survival rates that were calculated through 2015
to remain consistent with SEER historic stage A classification. Survival differences between
decades of diagnosis were analyzed separately for each age group using the most recent
decade as the reference group. Number of total years per decade group varies based on
available years in the SEER database. Despite incomplete SEER 9 data from the 1970s,
cases from this decade were analyzed separately due to the introduction of adjuvant
chemotherapy during this time.22 Statistical differences in 5-year RS were measured by
the Z test23 and Pvalues <.05 were considered significant. Survival by decade for each age
group was also estimated using the Kaplan-Meier method and curves, and the log-rank test
was used to assess differences among decades using a Cox proportional hazards regression
model (score test), and P values <.05 were considered significant.

The SEER 18 database consisted of 5016 cases of osteosarcoma, including 4336 primary
osteosarcoma (86%) and 680 subsequent osteosarcoma (14%) cases. As expected, we
observed a peak in primary osteosarcoma incidence in children and adolescents 10 to 24
years old, and a secondary peak in the elderly between 80 to 84 years old (Fig. 1A).
Interestingly, the secondary peak only occurred in males (Fig. 1B). The majority of cases,
for all ages, occurred in the lower long bones (Supporting Table 1), and histologic subtypes
were primarily classified as “not otherwise specified” (NOS) (Supporting Tables 2 and 3).
Osteosarcoma IRs were highest in Blacks (for all age cases: Black, IR, 4.1; 95% ClI, 3.8-4.4,
and the second highest race group, Hispanic, IR, 3.4; 95% CI, 3.2-3.6) (Table 1), and there
was a significant increase in incidence only for Blacks throughout the study period (APC,
1.1; 95% Cl, 0.3-2.0, P< .05).
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Five-year RS rates were higher in females (63.9%; 95% Cl, 61.5%-66.2%) than males
(56.5%; 95% ClI, 54.2%-58.7%). Similar RS rates were observed for most races/ethnicities,
except American Indian/Alaska Native cases that had the lowest RS of 36.9% (95% Cl,
19.6%-54.3%) particularly for the males (18.5%), although based on a small number of
cases (Table 2). Parosteal osteosarcoma had the highest observed RS for all aged cases at
91.9% and Paget disease of the bone the lowest at 29.9% (Supporting Table 2).

0 to 9 Years Old

There were 382 osteosarcoma cases in the youngest age group (0-9 years old), with an
age-adjusted IR of 1.9 per million. Incidence of young-onset osteosarcoma increased from
1975 to 2017 (APC, 1.1; 95% CI, 0.1-2.1, £< .05) and was highest in the most recent
decade (2.3 per million) (Fig. 2A). Observed osteosarcoma incidence was equal between
sexes and most common in Blacks (Table 1). There were very few cases with tumors in axial
locations (1.4%; Supporting Table 1).

The overall 5-year RS for this age group was 71.8%; 95% Cl, 66.4-76.5 (Table 2). When
evaluating trends by decades, survival steadily increased over the study period. In the most
recent decade, RS was 80.4%, which is a statistically significant improvement from both the
1970s (P < .001) and 1980s (P =.002) (Fig. 3A). Cox proportional hazards models showed
statistically significant improvements in survival from the 1970s (hazard ratio [HR], 6.5; P<
.001), the 1980s (HR, 3.5; £=.001), and the 1990s (HR, 2.5; £=.018), compared to 2010
through 2016 (Supporting Table 4). Survival was similar between sexes (Table 2). Observed
RS for telangiectatic osteosarcoma was the highest at 85.4% (Supporting Table 2).

10 to 24 Years Old

There were a total of 2312 osteosarcoma cases in the 10- to 24-year-old age group, which
represented nearly 50% of all osteosarcoma cases in the SEER 18 database. The incidence
of primary adolescent osteosarcoma increased throughout the study period (APC, 0.5; 95%
Cl, 0.1-0.9; £<.05) and was highest in the most recent decade, 6.7 per million (Fig.

2A). Osteosarcoma occurred more frequently in males than females for each race/ethnicity
category with an overall male to female ratio of 1.3:1 (males, IR, 8.1; 95% ClI, 7.7-8.6 vs
females, IR, 6.2; 95% CI, 5.8-6.6) (Table 1). The incidence peak was earlier in females (10—
14 years old) than males (15-19 years old) (Fig. 1B) with some disparity by race/ethnicity.
Observed osteosarcoma incidence was most common in Blacks and Hispanics with the
highest incidence in Hispanic males (Table 1). When evaluating incidence by tumor location
and race/ethnicity, osteosarcoma of the mandible was 4 times more common in Blacks (data
not shown).

The overall 5-year RS rate was 65.9%; 95% ClI, 63.7%-68.1% (Table 2). By decade, RS was
65.9% in the most recent decade, a statistically significant increase (P < .05) as compared to
the 1970s (P< .001) and the 1980s (P =.013); however, survival has decreased slightly since
the 1990s and 2000s (Fig. 3B). Cox proportional hazards models showed similar statistically
significant improvements in survival from the 1970s (HR, 2.3; £<.001) and the 1980s

(HR, 1.6; £<.001) only, compared to 2010 to 2016 (Supporting Table 4). RS was lower

for males compared to females overall, and this was observed across all races except for
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Blacks (females, 66.5% vs males, 67.6%) (Table 2). Observed RS was lowest for American
Indian/Alaska Natives (46.6%) and for osteosarcoma in axial locations, particularly in the
pelvis (32.9%) (Table 2; Supporting Table 5).

25 to 59 Years Old

Individuals in the 25- to 59-year-old age group had an osteosarcoma IR of 1.9 per million
(95% ClI, 1.8-2.0; n = 1411) (Table 1). Incidence was relatively unchanged throughout
the study period (APC, 0.5; P> .05) (Fig. 2A), only slightly higher in males than females
(1.1:1), and highest in Blacks (IR, 2.7; 95% CI, 2.4-3.1) (Table 1). Osteosarcoma of the
pelvis accounted for a higher proportion of these cases at 11.1% (Supporting Table 1).
Osteosarcoma of the mandible was 2 times more common in Blacks than Whites (data not
shown).

The overall RS was 56.8% and 95% CI, 53.7-59.8 (Table 2). The observed RS of 57.7% in
the most recent decade was slightly lower than the RS in the 1990s and 2000s (Fig. 3C). Cox
proportional hazards models revealed statistically significant improvements in survival from
the 1970s (HR, 1.8; £<.001) and 1980s (HR, 1.6; A= .005) only, compared to 2010 to 2016
(Supporting Table 4). RS was lower for males, and this was observed in all races and/or
ethnicities except for Asians (females, 48.6% vs males, 64.7%) (Table 2). Osteosarcoma of
the pelvis had the poorest observed RS (27.5%) (Supporting Table 5).

>60 Years Old

The incidence of osteosarcoma in this oldest age group was 2 per million in the most

recent decade (n = 908) (Fig. 2A), and rates have significantly decreased throughout the
study period (APC, -2.1; 95% CI, 2.7 to —1.5; P< .05). Osteosarcoma occurred more
frequently in males than females overall (1.3:1) and by race/ethnicity, except Asian females
had a higher observed IR than Asian males (1.5:1) (Table 1). The observed incidence of
osteosarcoma was highest in Blacks and American Indian/Alaska Natives (Table 1). The
anatomic tumor locations in this age group were more diverse, and the pelvis accounted

for 17.9% of cases (Supporting Table 1). Osteosarcoma of the mandible was 2 times more
common in Blacks than Whites. Osteosarcoma with Paget disease was more common in this
older age group (Supporting Table 2).

The overall RS was 33.1% (95% ClI, 28.3-38.0) (Table 2). By decade, RS was 38.0% in

the most recent decade which has significantly increased compared to the 1970s (P < .001),
1980s (P=.001), and 2000s (~=.008) (Fig. 3D). Cox proportional hazards models showed
statistically significant improvements in survival from the 1970s (HR, 2.8, £<.001), 1980s
(HR, 2.2, P<.001), 1990s (HR, 1.8, A=.001), and 2000s (HR, 1.6, A= .01), compared

to 2010 to 2016 (Supporting Table 4). Observed survival was lower for males, with the
exception of Blacks (28.2% females vs 33.5% males), and similar by race/ethnicity (Table
2). Osteosarcoma of the vertebral column (4.3%) and pelvis (10.1%) had the worst observed
RS (Supporting Table 5).
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Metastatic Osteosarcoma

There were 932 metastatic osteosarcoma cases during the study period. Metastatic disease
was more common in the >60-year-old age group (33.3% of cases vs 18.2%-21.7%)
(Supporting Table 6). The observed rates of metastatic osteosarcoma were slightly higher

for males (24.4%) than females (20.2%), and for Hispanics (24.6%) and Blacks (23.6%)
compared to Whites (21.2%) (data not shown). The observed frequency of metastatic disease
varied by tumor location and was greatest for osteosarcoma of the pelvis (41.7% of all cases)
(Supporting Table 7) compared to other sites for both the young and old cases.

Survival for individuals with metastatic disease decreased with increasing age. The youngest
cases (0-24 years old) had the highest overall 5-year RS at 35.5% (95% ClI, 31.0%-41.0%),
followed by the 25- to 59-year-old age group at 15.4% (95% CI, 10.1%-20.8%), and the
poorest survival was in cases >60 years old at 6.4% (95% Cl, 2.4%-10.7%) (data not
shown). There were significant improvements in 5-year RS from the 1970s and 1980s
compared to 2010 through 2015 for the 0- to 24-year-old age group and for all ages
combined (Fig. 4A,D). The 5-year RS for the >60-year-old age group showed a statistically
significant increase from the 2000s compared to 2010 through 2015 (Fig. 4C). Cox
proportional hazards models showed similar significant improvements in survival from the
1970s and 1980s compared to 2010 through 2015 for the 0- to 24-year-old age group, the
>60-year-old age group, and all age groups combined (Supporting Table 8).

Subsequent Osteosarcoma

The incidence of subsequent osteosarcoma has increased significantly from 1975 to 2017
(APC, 2.5; 95% ClI, 1.7-3.3; P<.05). The >60-year-old age group had the highest observed
incidence of subsequent osteosarcoma, and it has steadily increased over the study period
to 1.9 per million in the most recent decade (Fig. 2B). The most common first primaries
for subsequent osteosarcomas in the oldest age group were breast and prostate cancers
compared to rhabdomyosarcoma and tumaors of the central nervous system for the 0- to 24-
year-old age group (data not shown). The observed incidence of subsequent osteosarcoma
was 0.6 per million for the 10- to 24-year-old age group in the most recent decade, a 3-fold
increase since the 2000s (Fig. 2B). There were 17 cases of subsequent osteosarcoma in the
0- to 9-year-old age group, and the primary tumors in these cases included retinoblastoma,
choroid plexus carcinoma, leiomyosarcoma, and adrenocortical carcinomas. Males and
females had similar IRs of subsequent osteosarcoma for most ages (Fig. 1C), except for
elderly cases where males had a higher incidence (>60-year-old age group, 1.4:1). Blacks
had the highest observed incidence of subsequent osteosarcoma at 0.6 per million (data not
shown).

The lower long bones (28.2% of all cases) were the most common site of subsequent
osteosarcoma overall, but tumor location varied by age. Bones of the face or skull were the
second most common subsequent osteosarcoma location in both the 0- to 9-year-old (35.3%)
and 10- to 24-year-old (15.3%) age groups (Supporting Table 9). The pelvis (35.1%)
followed by the lower long bones (21.9%) were the most common subsequent osteosarcoma
locations in the >60-year-old age group (Supporting Table 9). By sex in the >60-year-old age
group, females had a higher observed percentage of subsequent osteosarcoma located in the

Cancer. Author manuscript; available in PMC 2024 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cole et al.

Page 7

chest region as compared to males (11.3% vs 4.4%), males had a higher observed percentage
in the mandible (13.2% vs 7.5%), and percentages were similar in the pelvis (Supporting
Table 10). The observed 5-year RS rates for subsequent osteosarcoma in the 0- to 9-year-old,
10- to 24-year-old, 25- to 59-year-old, and >60-year-old age groups were 49.4%, 44.4%,
32.1%, and 19.2%, respectively (data not shown).

DISCUSSION

We present a comprehensive and detailed analysis of osteosarcoma incidence and survival
and highlight important differences related to age of diagnosis, sex, race/ethnicity, tumor
location, and stage. Compared to our prior 2009 SEER osteosarcoma study,! 1534 additional
osteosarcoma cases have been added to the SEER registry. Using over 5000 osteosarcoma
cases, we confirm several previously reported incidence and survival patterns, including a
higher incidence in Blacks and males, higher survival rates in females and the youngest
cases, and the poorest outcomes in the elderly, tumors of the axial skeleton, metastatic
disease, and subsequent osteosarcoma cases,110:11.15-17.24-27 \we fyrther identify important
novel findings related to the youngest osteosarcoma cases, osteosarcoma as a subsequent
malignancy, and incidence and survival trends based on race/ethnicity.

We analyzed 382 cases in the 0- to 9-year-old age group, to our knowledge, the

largest number of pre-pubertal osteosarcoma patients with detailed incidence and survival
information. Importantly, incidence in these youngest cases has steadily increased over time,
and they had unique epidemiological features compared to older cases. Young cases had
similar incidence and survival rates between sexes, the highest observed 5-year survival, and
the greatest survival improvements over time. Even in large studies, osteosarcoma cases <10
years old in age tend to be very small in number and are typically grouped with adolescent
and young adult cases for analyses. However, a recent study suggests that osteosarcoma in
young children may have a different genetic etiology than their adolescent counterparts.8 In
addition, the youngest cases occur outside of the pubertal growth spurt, which is thought

to be important in the pathogenesis of adolescent osteosarcoma. Our data suggest that the
youngest pre-pubertal cases likely have a distinct etiology compared to adolescent and adult
osteosarcoma and should be evaluated separately when possible.

Hispanic males in the 10- to 24-year-old age group had a higher observed IR of
osteosarcoma compared to any other age group or sex, which has not been previously
reported. Blacks had the highest incidence among all age groups together, confirming
that African Americans have a higher incidence and unique risk of osteosarcoma. A high
prevalence of osteosarcoma has also been reported in the African countries of Nigeria,
Uganda, and Sudan, and it was suggested to be linked to an ancestry-based genetic
predisposition.1” African-ancestry cases have also been reported to carry twice as many
pathogenic germline 7P53 mutations compared to other ancestry cases (9% vs 4% of
cases).8 A potential genetic risk factor associated with African-ancestry cases could be
related to the higher overall incidence, the 2 times higher incidence of osteosarcoma

of the mandible, and the high rate of subsequent osteosarcoma we observed in Blacks.
Osteosarcoma of the mandible is less common and thought to be biologically different28
from osteosarcoma at other sites, which further suggests a unique etiology in this population.
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Historically, African-ancestry individuals are underrepresented in genetic etiology studies,
and a concerted effort to improve recruitment is needed to better understand the etiology of
osteosarcoma in African-ancestry cases.

Osteosarcoma survival rates for most age groups in our study have remained relatively
unchanged over the past 30 years. These plateaued survival rates have been reported in
other studies,12° but it is important to note the increased survival we observed in the oldest
osteosarcoma cases. Although prognosis remains poorest for the >60-year-old age group,
these cases had an appreciable increase in osteosarcoma survival over the past decade.

The >60-year-old age group is unique given their predilection for osteosarcoma of the
axial skeleton, but they are also less likely to receive intense cytotoxic chemotherapy and
more likely to be excluded from clinical trials,3° all of which could play a role in survival
differences.

Metastatic disease, typically presenting as lung metastasis, is known to be one of the worst
prognostic factors.16:24 In our study, metastatic disease was associated with lower survival
rates in each age group, and the prognosis for metastatic disease in the >60-year-old age
group remained dismal at <10% despite a trend of improved survival over time. Increasing
survival rates for metastatic osteosarcoma, and for the >60-year-old age group overall,
may be related to more aggressive surgical management of the primary tumor site31:32 and
improved multidisciplinary management.33

Survival also varied based on sex and tumor location. We confirmed that females have

a survival advantage over males,110:34 and recent studies have identified male sex as

an independent risk factor for decreased survival.1>16 The etiology underlying a survival
difference between sexes is not fully understood but may in part be related to endogenous
sex hormones and differences in the pharmacokinetics and response to therapeutic
treatments.3%:36 Males also had a slightly higher rate of metastatic disease in our study,
which may play a role in the survival differences. Survival continues to be worse for
osteosarcoma of the pelvis and axial tumor locations over the extremities. Osteosarcoma
of the mandible had the lowest observed metastatic rate at 6%, consistent with previous
literature.28:37 Parosteal osteosarcoma had the highest survival rate by subtype, however,
detailed subtype analyses were difficult due to the large number of NOS classifications.
Additional studies with more extensive histologic information are needed.

From a clinical context, osteosarcoma outcomes from cooperative group trials have shown
little improvement over recent decades, leading to a standard of care that has remained
unchanged for over 40 years.2>38-40 Clinical trials in the palliative setting are currently
focused on targeting novel pathways of interest such as small-molecule inhibitors and
immunotherapy-based regimens.*! Subsequent randomized controlled trials are needed to
see if targeted therapy may be the key to improving survival for osteosarcoma patients.

We identified an increasing incidence of subsequent osteosarcoma over time, particularly
for the 10- to 24-year-old and >60-year-old age groups, and a poorer observed survival
rate as compared to cases of the same age with primary disease. The incidence of
subsequent osteosarcoma in the 10- to 24-year-old age group has increased 3-fold in
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the most recent decade and should be expected to continue to rise with an increasing

number of childhood cancer survivors. Osteosarcoma is the most common radiation
associated sarcoma affecting both children and adults,26 and children are more susceptible to
radiation-associated sarcomas in a dose-dependent manner.2 Treatment with chemotherapy,
particularly alkylating agents, is an additional risk factor.42 In addition, a germline genetic
predisposition may also play a role, especially for the youngest children (<10 years old).

In our study, primary tumors in these children included cancer predisposition syndrome-
associated tumors for Li-Fraumeni as well as retinoblastoma. It is clear that continued
long-term follow-up for screening and management of late effects, including subsequent
malignancies, is needed to ensure optimal care.3

The incidence of subsequent osteosarcoma in the >60-year-old age group was nearly the
same as the incidence of primary osteosarcoma. Women in this age group had a higher
percentage of subsequent osteosarcoma occurring in the chest region, likely related to
therapeutic radiation for breast cancer. Men had a higher percentage of osteosarcoma of
the mandible, which may reflect radiation treatment for head and neck cancer, known to be
2 to 3 times more common in males.** The increasing rates of subsequent osteosarcoma

in elderly patients likely reflects that more patients with early-stage cancer treated with
radiation therapy are living longer with more time to develop subsequent cancers. As
subsequent osteosarcomas continue to rise, it will be important to follow-up this trend in
future studies.

Our study has some limitations worth noting. This was a large retrospective study based

on input from specific geographic areas according to the SEER program central cancer
registries, which may introduce some selection bias. Additionally, SEER is an extensive and
well-curated database, but it lacks detailed clinical information on molecular pathological
characteristics, treatment regimens, and histologic response to chemotherapy, all of which
could influence prognosis.

Overall, our large, comprehensive population-based analysis has clarified important
osteosarcoma incidence and survival patterns at a finer level. Osteosarcoma is a
heterogenous disease, and we were able to identify differences among groups that are
typically understudied due to limited sample sizes, specifically the youngest children, racial
and ethnic minorities, and osteosarcoma as a subsequent malignancy. The epidemiologic
differences we identified in these groups may reflect differences in the underlying biology
and/or genetic susceptibility, and further studies focusing on these groups are needed to
better understand the pathogenesis of osteosarcoma in these cases. A better understanding of
osteosarcoma etiology across all ages and racial/ethnic groups could be the basis to improve
risk stratification, targeted treatment, and hopefully improve patient outcomes that continue
to be unchanged over the past 30 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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LAY SUMMARY:

Osteosarcoma is the most common bone cancer, but still a relatively
rare disease, and previous studies have had limited information on finer
demographics.

Using a large database, osteosarcoma incidence and survival patterns are
thoroughly evaluated and important differences, especially for the youngest
children, ethnic minorities, and subsequent osteosarcoma cases, are identified.
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Figure 1.

Incidence of osteosarcoma based on the Surveillance, Epidemiology, and End Results 18
database, 2000 to 2017. Incidence rates are age-adjusted calculated using the 2000 US
standard population.
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Figure 2.
Incidence of osteosarcoma based on the Surveillance, Epidemiology, and End Results

(SEER) 9 database, 1975 to 2017, by age group and year of diagnosis. Incidence rates
are age-adjusted calculated using the 2000 US standard population. Number of total years
per decade group varies based on available years in the SEER database.
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Figure 3.
Five-year relative survival of primary osteosarcoma by decade, based on the Surveillance,

Epidemiology, and End Results (SEER) 9 database, 1975 to 2016. Five-year relative survival
rates within each age group were compared by decade with 2010 to 2016 as the comparison
group. Significantly different survival rates (P < .05) using the Z test are marked with

(*). Number of total years per decade group varies based on available years in the SEER
database.
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Figure 4.
Five-year relative survival of metastatic osteosarcoma by decade, based on the Surveillance,

Epidemiology, and End Results (SEER) 9 database, 1975 to 2015. Five-year relative survival
rates within each age group were compared by decade with 2010 to 2015 as the comparison
group. Significantly different survival rates (P < .05) using the Z test are marked with (*).
The 0- to 9-year-old and 10- to 24-year-old age groups were combined to have sufficient
number of cases for analysis. Number of total years per decade group varies based on
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available years in the SEER database. The 25- to 59-year-old age group (B), 1975 to 1979
decade is based on only 9 cases.
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