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ABSTRACT

Background: Sarcomas are heterogeneous malignancies with prognoses that vary markedly by
anatomical site. Whether population-level mortality trends differ across anatomical locations remains
unclear.

Methods: Sarcoma-related deaths in the United States from 1999 to 2020 were analyzed using the CDC
WONDER Underlying Cause of Death database. ICD-10 codes classified deaths into six anatomical
categories: bone, retroperitoneal/peritoneal, trunk soft tissue, extremity soft tissue, head and neck,
and unspecified. Negative binomial regression models with a population offset estimated site-specific
trends, and an interaction model tested heterogeneity across sites. Sensitivity analyses excluded 2020
and recalculated proportions among specified-site deaths only.

Results: Nearly half of the deaths were coded to unspecified sites (49.8%), with no improvement
over time. Among specified sites, bone accounted for the largest share (22.6%), followed by
retroperitoneal/peritoneal sarcomas (15.1%). Overall mortality increased by 1.32% annually (IRR
1.013,95% CI 1.012-1.014), with significant increases across all specified sites. Decomposition showed
that retroperitoneal/peritoneal (43.5%) and bone (29.7%) sarcomas contributed the largest shares
of the overall increase. Trend heterogeneity was significant (p < 0.001), with trunk soft-tissue and
head-and-neck sarcomas increasing the fastest. Findings were robust after excluding 2020 and in
specified-site—only analyses.

Conclusions: Mortality coded to sarcoma-related ICD-10 underlying-cause categories increased across
all anatomically specified sites, with heterogeneous site-specific trends. Retroperitoneal/peritoneal and
bone categories contributed most to the absolute increase, while trunk soft tissue and head and neck
categories showed the steepest relative increases.

1. Introduction

Sarcomas are a heterogeneous group of malignant neoplasms arising
from mesenchymal tissue that account for approximately 0.7 —
1.0% of adult cancers [1, 2]. Despite their relative rarity, sarcomas
contribute disproportionately to cancer morbidity and mortality
because of their aggressive biology, diagnostic complexity, and
frequent identification at advanced stages [ 1, 3]. The clinical behavior
and prognosis of sarcomas depend heavily on the anatomical site
of origin, tumor size, histologic subtype, and surgical resectability
[2, 4].
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Anatomical site is a particularly important prognostic determinant.
Sarcomas arising in clinically occult locations such as the retroperi-
toneum are often diagnosed at a larger size and more advanced
stage than those of the extremities, leading to substantially poorer
outcomes [4, 5]. Retroperitoneal sarcomas present unique therapeutic
challenges, including late symptom onset, surgical inaccessibility,
and high rates of local recurrence [5, 6]. Conversely, extremity
sarcomas are typically detected earlier and are more amenable
to limb-sparing surgical approaches [4, 7]. These site-dependent
differences suggest that population-level mortality patterns may vary
across anatomical locations.

Although prior epidemiological studies have examined trends in
sarcoma incidence and overall mortality [1, 8, 9], relatively little
attention has been given to whether temporal trends in sarcoma-
related deaths differ by anatomical site. National death certificate
databases offer a mechanism to assess long-term patterns reflecting
changes in diagnostic practices, disease classification, referral
patterns, and treatment approaches [9, 10]. However, such data are
subject to important limitations, including incomplete anatomical
coding and reliance on underlying cause-of-death classification
[11,12].

Using mortality data from the Centers for Disease Control and
Prevention’s Wide-ranging Online Data for Epidemiologic Research
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(CDC WONDER) system, we aimed to characterize temporal trends
in the anatomical distribution of sarcoma-related deaths in the United
States from 1999 to 2020, and to test whether mortality trends differ
across anatomical sites using negative binomial regression modeling.

2. Methods

2.1. Study Design and Data Source

This population-based analysis examined sarcoma-related mortality
across the entire United States population. Mortality data were
obtained from the CDC WONDER Underlying Cause of Death
database, which compiles death certificate data from all 50 states
and the District of Columbia [10]. The study period spanned 1999
through 2020, corresponding to the period of consistent ICD-10
cause-of-death coding in the United States [13]. The analysis was
restricted to 1999 — 2020 to ensure complete and stable mortality
estimates for rare cancer causes. All ages and both sexes were
included.

2.2. Case Definition and Anatomical Classification
Sarcoma-related deaths were identified using ICD-10 underlying
cause-of-death codes for malignant neoplasms of bone, connective
tissue, and soft tissue. Anatomical site groupings were defined a
priori to reflect clinically meaningful categories: bone and articular
cartilage (C40 — C41), retroperitoneal and peritoneal (C48.0 —
C48.2), soft tissue of the head and neck (C49.0), extremity (C49.1
— C49.2), trunk (C49.3 — C49.4), and unspecified (C49.9). The
code C49.8 (other specified connective and soft tissue) was not
returned in the CDC WONDER query and was therefore absent
from the dataset; this is documented for transparency. The complete
ICD-10-to-site mapping is provided in (Supplementary Table S1).
This classification balanced anatomical specificity with the known
limitations of death certificate — based coding [13, 14].

2.3. Statistical Analysis

Annual counts of sarcoma-related deaths were extracted for each
anatomical site category. Proportional mortality was calculated by
dividing site-specific death counts by the total number of sarcoma-
related deaths per year, then expressing the result as a percentage.
This approach was selected to characterize the relative contribution
of each anatomical site over time; however, proportional mortality
does not fully control for changes in age structure, and this limitation
is addressed in the Limitations section.

Temporal trends were visualized using stacked area plots. To improve
the stability of the estimate, a supplementary analysis aggregated
annual data into five-year intervals. Summary statistics, including
mean, minimum, and maximum annual proportions, were calculated
for each site across the study period.

A detailed reproducibility supplement is provided as (Supplemen-
tary File S3), including the exact CDC WONDER query settings,
extraction date, ICD-10 code list, and site mapping, export format,
handling of zero and suppressed cells, analytic workflow, software
versions, and R session information. All statistical analyses were
performed in R version 4.3.3 [15]. The complete analytic R code,
including all sensitivity analyses, is available from the corresponding
author upon reasonable request.

2.4. Ethical Considerations

This study used publicly available, de-identified mortality data and
did not constitute human subjects research. Institutional review board
approval and informed consent were not required.

Table 1: Mean Proportion of Sarcoma-Related Deaths by
Anatomical Site, United States, 1999-2020

Anatomical Site Mean Min Max
Proportion Proportion Proportion
(%) (%) (%)

Unspecified 49.80 44.45 52.93

Bone 22.61 20.87 23.96

Retroperitoneal 15.08 12.45 17.51

Soft tissue — Trunk  6.17 4.25 7.41

Soft tissue — 4.81 4.10 5.83

Extremity

Head & Neck 1.53 1.12 2.02

Values represent the mean, minimum, and maximum annual proportions of
sarcoma-related deaths attributed to each anatomical site across the 22-year study
period. Proportions are expressed as percentages of the total annual number of
sarcoma-related deaths.

3. Results

3.1. Overall Sarcoma Mortality and Anatomical Distribution
From 1999 through 2020, sarcoma-related deaths in the United States
were distributed across anatomical sites with substantial variability.
In 1999, a total of 5,214 sarcoma-related deaths were recorded.
Approximately 51.7% were coded to unspecified anatomical sites.
Among specified sites, bone sarcomas accounted for 23.4%, retroperi-
toneal sarcomas for 12.4%, trunk soft tissue sarcomas for 5.9%,
extremity soft tissue sarcomas for 5.2%, and head and neck sarcomas
for 1.5% (Table 1).

Across the entire 22-year study period, unspecified anatomical sites
accounted for the highest mean annual proportion of sarcoma-related
deaths (49.8%; range 44.5 — 52.9%), followed by bone sarcomas
(22.6%; range 20.9 — 24.0%) and retroperitoneal sarcomas (15.1%;
range 12.5 — 17.5%). Soft tissue sarcomas of the trunk (mean 6.2%),
extremities (mean 4.8%), and head and neck (mean 1.5%) each
contributed smaller and more stable proportions (Table 1).

3.2. Temporal Trends in Mortality by Anatomical Site

The annual proportional distribution of sarcoma-related deaths is
displayed in (Figure 1). Panel A shows anatomically specified
sites; Panel B shows the unspecified site (C49.9) separately to
avoid visual conflation of coding quality with biological anatomical
categories. The relative contribution of unspecified sites remained
consistently high throughout the study period (mean 49.8%; range
44.5 — 52.9%), with no evidence of improvement in anatomical
coding specificity over 22 years. Bone and retroperitoneal sarcomas
maintained their positions as the leading specified contributors to
mortality. Aggregated five-year analyses Supplementary Figure
S1, Panel A confirmed the robustness of these patterns; Panel B
of Figure S1 shows proportions recalculated among specified-site
deaths only (sensitivity analysis), confirming that relative rankings
among specified sites are not an artifact of the large unspecified
category.

Negative binomial regression models revealed that overall sarcoma
mortality increased significantly over the study period (IRR 1.013
per year, 95% CI 1.012 — 1.014; +1.32% annually). All anatomically
specified sites showed statistically significant increases in mortality
rate: bone sarcomas (+1.2%/year; IRR 1.012,95% CI 1.009 — 1.015),
retroperitoneal sarcomas (+1.9%/year; IRR 1.019, 95% CI 1.015 -
1.023), soft tissue sarcomas of the trunk (+2.9%/year; IRR 1.029,
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Figure 1: Proportion of sarcoma-related deaths by anatomical site in the United States, 1999-2020.
Two-panel stacked area plot. Panel A shows the annual proportional distribution among anatomically specified sites (C40-C41, C48, C49.0-C49.4). Panel B
shows the unspecified site (C49.9) separately; the dashed line indicates the 22-year mean proportion. Proportions represent the percentage contribution of each

site to the total number of sarcoma-related deaths per year.
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Figure 2: Modeled mortality rates of sarcoma by anatomical site in the United States, 1999-2020.

Annual predicted mortality rates per 100,000 population estimated from site-specific negative binomial regression models with calendar year and population
offset. Points represent observed annual rates. Shaded bands indicate 95% confidence intervals. Analysis restricted to anatomically specified ICD-10 coded
deaths (C40-C41, C48, C49.0-C49.4); unspecified deaths (C49.9) modeled separately and not shown.

95% CI 1.022 — 1.037), soft tissue sarcomas of the extremity
(+1.3%/year; IRR 1.013, 95% CI 1.007 — 1.019), and head and neck
sarcomas (+2.1%/year; IRR 1.021,95% CI 1.011 — 1.030). Mortality
coded to unspecified sites increased by 0.95% per year (IRR 1.010,
95% CI 1.008 — 1.012). The rate of increase differed significantly
across anatomically specified sites (likelihood ratio test for site —
year interaction, p < 0.001; (Figure 2), (Table 2)), with trunk soft
tissue and head and neck sarcomas showing the steepest increases
and bone and extremity sarcomas the most gradual.

3.3. Decomposition of Mortality Increase by Site

To quantify each site’s contribution to the overall increase in
sarcoma mortality, we decomposed the absolute change in crude
mortality rate per 100,000 population between 1999 and 2020
across anatomically specified sites (Figure 3). Among specified-
site deaths, retroperitoneal sarcomas accounted for the largest share
of the mortality increase (43.5%; rate change +0.190 per 100,000),

followed by bone sarcomas (29.7%; +0.129 per 100,000), soft tissue
sarcomas of the trunk (14.9%; +0.065 per 100,000), soft tissue
sarcomas of the extremity (7.3%; +0.032 per 100,000), and head and
neck sarcomas (4.6%; +0.020 per 100,000). When the unspecified
site (C49.9) was included in the full decomposition, it accounted for
19.6% of the absolute rate increase (4+0.106 per 100,000), with the
remaining 80.4% attributable to anatomically specified categories.
These decomposition findings are consistent with the regression-
based trend estimates and directly address the concern that site-
specific upward slopes alone do not establish which sites drive
aggregate national change.

3.4. Sensitivity Analyses

Exclusion of 2020 did not materially alter any site-specific trend
estimates. IRRs in the 1999 — 2019 analysis were: bone 1.011 (95%
CI 1.008 — 1.014), retroperitoneal 1.018 (95% CI 1.014 — 1.022),
soft tissue trunk 1.029 (95% CI 1.021 — 1.037), soft tissue extremity
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among anatomically specified ICD-10 coded deaths (C40-C41, C48, C49.0-C49.4), excluding unspecified site (C49.9).

Percentage contribution = (site-specific rate change / total rate change across specified sites) * 100.

Figure 3: Contribution of anatomically specified sites to the increase in sarcoma mortality rate, United States, 1999-2020. Bars represent each site’s percentage
contribution to the total absolute increase in crude mortality rate per 100,000 population among anatomically specified ICD-10 coded deaths (C40-C41,
C48, C49.0-C49.4), excluding unspecified site (C49.9). Percentage contribution = (site-specific rate change / total rate change across specified sites) x 100.
Retroperitoneal sarcomas accounted for the largest share of the mortality increase (43.5%), followed by bone sarcomas (29.7%), soft tissue sarcomas of the
trunk (14.9%), soft tissue sarcomas of the extremity (7.3%), and head and neck sarcomas (4.6%).

Table 2: Site-Specific Negative Binomial Regression: Annual Trends
in Sarcoma Mortality by Anatomical Site, United States, 1999-2020.

Anatomical IRR 95% CI Annual p-value Trend
Site A (%)

Unspecified  1.010 1.008-1.012 40.95 <0.001 Increasing
Bone 1.012  1.009-1.015 +1.2 <0.001  Increasing
Retroperitonea 1.019  1.015-1.023 +1.9 <0.001  Increasing
Soft tissue—  1.029 1.022-1.037 +2.9 <0.001  Increasing
Trunk

Soft tissue—  1.013  1.007-1.019 +1.3 <0.001  Increasing
Extremity

Head & Neck 1.021 1.011-1.030 +2.1 <0.001  Increasing

IRR, incidence rate ratio; CI, confidence interval; Annual A, approximate percentage
change in mortality rate per year. IRRs and 95% Cls were estimated from site-specific
negative binomial regression models with calendar year (continuous, centered at 1999)
and log of annual U.S. population as offset. All anatomically specified sites show
statistically significant increasing trends (p < 0.001). Unspecified site (C49.9) was
modeled separately for reference. Bone sarcoma served as the reference category in the
interaction model for the likelihood ratio test.

1.011 (95% CI 1.005 — 1.018), and head and neck 1.018 (95% CI
1.008 — 1.028). All sites remained statistically significant, confirming
that the 2020 pandemic year did not drive the observed trends.
Recalculation of proportional mortality among specified-site deaths
only (excluding C49.9) yielded the following mean proportions:
bone 45.1% (range 42.2 — 48.4%), retroperitoneal 30.0% (range 25.8
—32.2%), soft tissue trunk 12.3% (range 8.7 — 14.8%), soft tissue
extremity 9.6% (range 8.5 — 11.6%), and head and neck 3.1% (range
2.3 —4.1%). The relative ranking and approximate proportions of
specified sites were therefore not substantially distorted by the large
unspecified category.

4. Discussion

This 22-year population-based analysis shows that deaths coded
to sarcoma-related ICD-10 underlying-cause categories in the
United States increased across all anatomically specified sites, with
heterogeneous rates of increase. An important interpretive caveat
is that each anatomical category includes heterogeneous histologic
subtypes whose relative distribution may have changed over time,
particularly within retroperitoneal and trunk soft tissue categories,
where liposarcoma, leiomyosarcoma, and other subtypes differ
substantially in biology, prognosis, and treatment responsiveness.
Therefore, the observed anatomical trends may partly reflect changes
in the mix of histologic subtypes rather than anatomical location
alone. Histology-stratified registry analyses are needed to distinguish
these possibilities.

Bone sarcomas remained the most common specified anatomical
site for sarcoma-related deaths throughout the study period, with
a slower but statistically significant upward trend in mortality
rate (+1.2%/year). This is consistent with established clinical
knowledge that bone sarcomas are aggressive malignancies requiring
multimodal treatment, and suggests that therapeutic advances, in-
cluding trials of preoperative radiotherapy for retroperitoneal disease,
have not yet translated into measurable population-level mortality
reductions [16—18]. Similarly, extremity soft tissue sarcomas showed
the most gradual increase of all specified sites (+1.3%/year), which
may reflect the counterbalancing effects of stable incidence and
incrementally improving survival through limb-sparing surgery and
modern radiotherapy techniques [17, 19].

A central finding of this study is the persistent high proportion
of sarcoma-related deaths coded to unspecified anatomical sites,
averaging 49.8% across the study period, with no improvement
over 22 years. This observation has implications beyond sarcoma
epidemiology. Despite substantial advances in sarcoma classification,
diagnostic imaging, and immunohistochemistry over the past two
decades, anatomical specificity in mortality data has not improved
at the national level. The most probable explanations include
inadequate anatomical detail on death certificates, variability in
physician documentation practices, and the inherent difficulty of
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identifying the primary tumor site when cancer has metastasized at
the time of death [11, 12]. This persistent information gap represents
a structural limitation of death certificate — based cancer surveillance
that may obscure site-specific mortality patterns, hinder longitudinal
comparisons, and limit the capacity of public health systems to
monitor progress in rare cancer outcomes [20].

The regression models assumed a constant linear time trend across
the study period; possible nonlinearity and temporal autocorrelation
were not formally assessed. Joinpoint regression, spline-based
models, or autoregressive approaches may identify inflection points
or correlated temporal patterns not captured by the present analysis.

5. Conclusion

Mortality coded to sarcoma-related ICD-10 underlying-cause cate-
gories in the United States increased across all anatomically specified
sites from 1999 to 2020, with heterogeneous rates of increase across
sites. Trunk soft tissue and head and neck categories showed the
steepest relative annual increases, whereas retroperitoneal and bone
categories contributed the largest absolute share of the overall rise.
These findings underscore the importance of distinguishing relative
trends from absolute population impact and highlight the need for
improved anatomical and histologic documentation in mortality
surveillance systems.
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