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Abstract

Background—Soft tissue sarcomas (STS) are a heterogeneous group of mesenchymal
malignancies that occur throughout the lifespan. The impact of age on disease features and
outcome is unclear.

Methods—We analyzed the clinical features and outcome of all STS cases registered between
1973 and 2006 in the SEER database.

Results—There were 48,012 cases that met the selection criteria. Individuals less than 20 years
of age represented 5.6%, with rhabdomyosarcoma being the most common subtype. In adults, the
most common types were Kaposi sarcoma, fibrohistiocytic tumors, and leiomyosarcoma.
Rhabdomyosarcoma was the only entity with a median age < 20 years. Male predominance
(male:female of 1.5:1) was noticed for almost all types of STS, except for alveolar soft part
sarcoma and leiomyosarcoma. Tumor stage was similar across different age groups. Younger
patients (<50 years) had significantly better survival than older patients (88.8%=0.2% vs. 40%
+0.3%, P<0.001), but for most histologies the survival decline with advancing age was gradual
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and did not occur abruptly at the onset of adulthood. The decline in survival with advancing age
was particularly significant for rhabdomyosarcoma.

Conclusion—With few exceptions, the clinical features of STS are similar in children and
adults. However, individuals over 50 years of age have an inferior survival.
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INTRODUCTION

Soft tissue sarcomas (STS) are a heterogeneous group of mesenchymal extraskeletal
malignant tumors, classified on the basis of their differentiation according to the adult tissue
they resemble. Whereas benign neoplasms of soft tissues (i.e., lipoma, fibroma, leiomyoma,
hemangioma) are relatively frequent and out number malignant cases by a factor of 50
(incidence of about 300 new cases per 100,000 persons), malignant soft tissue tumors are
rare, with an annual incidence of about 6 per 100,000 persons. STS occur throughout
childhood and adulthood; they account for about 1.5% of all malignant tumors in adults (and
2% of all cancer-related deaths), but represent about 7.4% of all pediatric malignancies
(although their absolute number is lower than in adults).[1]

It is well known that the pattern of STS histotypes differs significantly between adults and
children: rhabdomyosarcoma is characteristic in childhood, liposarcoma and
leiomyosarcoma are seen typically in adults, and certain subtypes such as synovial sarcoma
and alveolar soft part sarcoma straddle both age groups. It is less clear whether the clinical
behaviour of a given STS is independent of the age of the patient and thus whether adult and
pediatric patients with the same disease should be treated with the same or different
therapeutic strategies. Few studies have compared the clinical features, treatment
approaches, and survival rates of STS in children and adults, and studies addressing
differences in the biology of STS in various age groups are scarce.

To better characterize the natural history of the different STS histotypes across the age
spectrum, and to investigate the impact of age on disease features and outcome, we
performed an analysis of all STS cases registered in the U.S. Surveillance, Epidemiology,
and End Results (SEER) public-access database between 1973 and 2006.

PATIENTS AND METHODS

Data were obtained from the SEER registries (http://seer.cancer.gov/data/). [2] The SEER
Program of the National Cancer Institute (NCI) currently covers approximately 26 percent
of the US population. The rate session of the SEER*Stat program was used to calculate
frequencies, percentages and incidence rates for soft tissue sarcomas and all other
malignancies by using the original 9 registries as well as the 2000 US standard population.

[3]

We used the Case listing session of the SEER*Stat 6.5.2 program to generate a matrix of all
individuals reported with a diagnosis of soft tissue sarcoma from January 1973 to December
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2006. A selection query was designed to retrieve soft tissue sarcomas (STS) based on the
International Classification of Childhood Cancer, version 3 (ICCC-3). The query was
designed to exclude patients with autopsy/death certificate only and patients with no
microscopic confirmation of diagnosis. The resulting matrix from SEER*Stat was
transferred to SAS software program (SAS 9.1 version, SAS Institute Inc., Cary, NC, USA)
for descriptive analyses.

Tumors were described using a modified ICCC-3 classification: extraosseous Ewing tumor,
Askin tumor of soft tissue and peripheral primitive neuroectodermal tumor (pPNET) of soft
tissue were included in one category (Ewing-family tumors); also, miscellaneous and
unspecified soft tissue sarcomas together with fibromatous neoplasms were included under
one category (Table I). Disease stage was classified using the SEER staging system.
Localized stage refers to an invasive neoplasm confined entirely to the organ of origin;
regional stage refers to a neoplasm that has extended beyond the limits of the organ of
origin directly into surrounding organs or tissues, has spread to regional lymph nodes by
way of the lymphatic system, or both; and distant stage refers to a neoplasm that has spread
to parts of the body remote from the primary tumor either by direct extension or by
discontinuous metastasis to distant organs and tissues or via the lymphatic system to distant
lymph nodes. Patients were divided into eight age categories based on age at diagnasis in
decades. We arbitrarily defined pediatric patients (children and adolescents) as cases
younger than 20 years of age, and adults whose age was 20 years or older.

The survival session of the software was used to calculate the 5-, 10-, and 15-year relative
survival percentages overall and by 10-year age category. Unlike event free and overall
survival, relative survival represents cancer survival in the absence of other causes of death,
defined as the proportion of observed survivors to the proportion of expected survivors in a
comparable set of cancer free individuals. [3]The Kaplan-Meier method with cancer-specific
survival as the outcome was used to compare mortality by age categories.

RESULTS

Incidence

Data from the SEER Program [2] original 9 registries were used to calculate frequencies,
percentages and incidence rates for soft tissue sarcomas (STS) and all other malignancies by
10 year age groups. Results are shown in Supplemental Table I. Of the 3,113,812
malignancies reported, 48,012 (1.5%) were STS. Among all of the STS reported, 2,679
(5.6%) were among persons younger than age 20 years at diagnosis. The proportion of total
malignancies that were STS was highest in individuals younger than age 30 at diagnosis.
The incidence of STS from 1973 to 2006 was 5.9 per 100,000 persons. Annual incidence
rates increased with age, rising from 0.9/100,000 in children younger than age 10 years to
18.2 for individuals older than age 70. The most dramatic rise in incidence occurred after the
age of 30 years. This rise was driven by increased numbers of Kaposi sarcoma in young
adults and by increased numbers of fibrohistiocytic tumors, liposarcoma and
leiomyosarcoma in the elderly.
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Demographic and clinical characteristics of STS reported to the SEER registry 1973-2006

Using data from the SEER Program (SEER 2008) original 9 (1973-2006) and expanded 17
(2000-2006) registries, we identified 72,972 individuals with STS to include in our
descriptive analysis. Table 1 shows the median age at diagnosis by histologic subtype.
Rhabdomyosarcoma was the only neoplasm that had a median age younger than 20 years
(15 years), whereas the median age was younger than 30 years for Ewing sarcoma family of
tumors (24 years) and alveolar soft part sarcoma (25 years). Median age was younger than
40 years for both synovial sarcoma (35 years) and extrarenal rhabdoid tumor (39.5 years).
Some subtypes were exceedingly rare in children/adolescents: i.e., only 0.1% of Kaposi
sarcoma and 0.9% of leiomyosarcoma cases were reported in this age group. Figure 1A
shows the great variability in the frequency of each subtype by 10 year age group. In
children/adolescents, the most common types were rhabdomyosarcoma (40.2%),
fibrohistiocytic tumors (13.2%), miscellaneous/unspecified including other fibromatous
neoplasms (11.6%) and synovial sarcoma (7.9%). The most common types in adults were
Kaposi sarcoma (22.1%), fibrohistiocytic tumors (20.4%), and leiomyosarcoma (18.9%).
Using chi-square test, the distribution of different subtypes was significantly different
between children/adolescents and adults (P<0.001)

Extremities (31.9%) were the most common site of origin for the entire STS series, followed
by trunk (21.8%) and intra-abdominal (19.7%) sites. These three sites accounted for more
than 70% of all reported locations. The distribution of primary tumor sites differed
significantly (P<0.001) by age group, with children younger than 10 years of age most likely
to have tumors in the head and neck region (32.7%), and individuals older than age 40 more
likely to have tumors originating in the abdomen (Figure 1B). Using the SEER historic
staging system, 11.7% (n=8543) of all reported STS had distant metastases. No differences
in tumor stage distribution were observed among the different age groups (Figure 1C).

Table Il summarizes the gender, primary site and stage distributions by histology with
separate panels for pediatric and adult patients. Males made up more than half of the cohort
for most tumor types among both pediatric and adult malignancies. A female predominance
was noted for adult leiomyosarcoma and alveolar soft part sarcoma subtypes. Overall,
extremities were the most frequent primary site, but some exceptions existed. Childhood
rhabdomyosarcomas and extrarenal rhabdoid tumors were most common in the head and
neck region, childhood Ewing family tumors most common in the trunk; and childhood
leiomyosarcoma most common in the intra-abdominal region. Adult Ewing tumors, blood
vessel, and miscellaneous STS were most common in the trunk, and adult extrarenal
rhabdoid tumor and leiomyosarcomas were most common in the intraabdominal region.
Extrarenal rhabdoid tumor had different site distributions among the pediatric and adult
groups. Among children, the head and neck region was the most frequently reported, and
among adults, the abdominal region was the most frequently reported site of origin. Distant
metastases were more commonly reported among pediatric patients (19.6%) than among
adults (11.2%; p<0.001). Distant stage occurred in fewer than 10% of pediatric and adult
patients with fibroblastic sarcomas, fibrohistiocytic sarcomas, and liposarcoma.
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Overall survival of all persons diagnosed with STS was 51.5% + 0.2% at five years, 37.7%
+ 0.3% at ten years, and 30% + 0.3% at fifteen years. Relative survival estimates were
62.1% =+ 0.2%, 55.3% + 0.3% and 51.2% * 0.3% at five, 10 and 15 years, respectively.
Survival among individuals with STS differed as a function of age and histology
(Supplemental Figure 1 and Table I11). Patients younger than 50 years at diagnosis had
better cancer-specific survival (88.8% + 0.2%) than older patients (40% % 0.3%; log-rank
test, P<0.001). A particularly notable progressive decline in survival with advancing age was
noted for rhabdomyosarcoma. Kaposi sarcoma was the only STS in which older patients (>
60 years) had better survival rates when compared to younger individuals. Size cut-offs of 5
and 10 cm were associated with significantly increased probability for cancer-specific death
in all age groups (P<0.001). Supplemental Table Il shows five year relative survival rates by
histology and tumor stage, comparing specifically children/adolescents to adults. Children
and adolescents with STS had better five year estimated survival than adults when patients
with same stage at diagnosis were compared, the only significant exception being localized
malignant peripheral nerve sheath tumors.

DISCUSSION

Our analysis of SEER registry data over recent decades indicates that age influences the
incidence, distribution of histologic subtypes, and survival of patients with STS. Annual
incidence rose steadily with age, from 0.9/100,000 children younger than 10 years of age to
18.2/100,000 adults over 70 years of age. The most dramatic rises in incidence occurred at
30 years of age and at 70 years of age. These were driven by increased numbers of Kaposi
sarcoma cases in young adults [4-5] and by increased numbers of fibrohistiocytic tumors,
liposarcoma, and leiomyosarcoma in the elderly. Despite a rise in incidence with advancing
age, STS comprised a significantly higher proportion of all cancers in younger patients. STS
accounted for more than 6% of cancers in individuals under 40 years of age, but fewer than
3% of all cancers in individuals over 40 years of age. Rhabdomyosarcoma was the only
neoplasm with a median age of onset below 20 years (15 years); only liposarcoma, blood
vessel tumors, and miscellaneous tumors had a median age of onset above 60 years.

Our study found that STS are more common in males than in females (P<0.001), in both
adults and children. Exceptions to this rule are leiomyosarcoma, alveolar soft part sarcoma,
and in adults, blood vessel sarcomas. The preponderance of adult females with
leiomyosarcoma is likely due to uterine primary tumors, which account for about 25% of
leiomyosarcoma cases in adults.[6] In childhood, where uterine leiomyosarcoma is distinctly
rare, the gender balance is nearly equal.

The distribution of STS anatomic sites in our series differed between adults and children.
Extremity sites were the most common in all age groups except individuals under 10 years
of age. The predominance of head and neck sites in these youngest patients may be
explained by the high incidence of rhabdomyosarcoma in this age group since this tumor
presents in head and neck locations in 35% of cases.[7] Intra-abdominal tumors were more
common in individuals over 40 years of age, likely reflecting patients with retroperitoneal
sarcomas such as leiomyosarcoma and liposarcoma.
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Observed differences in presenting clinical features between adults and children may reflect
underlying differences in biology. For example, the high proportion of head and neck
rhabdomyosarcoma cases in children reflects the fact that the most common histologic
subtype in this age group, embryonal histology, has a predilection for head and neck sites.
[7] Embryonal histology is considerably less common in adults with rhabdomyosarcoma,
who more frequently have pleomorphic histology tumors that arise in non-head-and-neck
sites.[7] Another tumor that appears to have different biologic underpinnings in adults and
children is rhabdoid tumor. The observation that head and neck rhabdoid tumors were nearly
four times more common in children than in adults may reflect the biology associated with
early onset disease: germline rather than sporadic INI1 mutation.[8]

Previous studies in both children and adults suggest that age is a predictor of outcome in
STS. In pediatric rhabdomyosarcoma, younger age (1-10 years) is a favorable prognostic
factor and age is currently being used in risk-based treatment stratification approaches.[9-
10] Rhabdomyosarcoma occurring in adults is characterized by a more aggressive course
and worse prognosis.[11-12] Older age has also emerged as an unfavourable factor in
pediatric STS other than rhabdomyosarcoma.[13-14] In adult STS, age has been identified
as an independent prognostic indicator of survival [15-17], and it is included as a continuous
variable (together with tumor size and depth, site, histology and tumor grade) in the post-
operative nomogram developed by the Memorial Sloan-Kettering Cancer Center for
prediction of sarcoma-specific death.[18-21]

Our analysis confirmed these observations in a large population-based series, demonstrating
significantly inferior survival for patients over 50 years of age. Children and adolescents had
better outcome than adults when patients with same histotypes and same stage were
compared; the only exception was localized malignant peripheral nerve sheath tumors,
probably due to the preponderance of Neurofibromatosis type 1 (associated with poor
outcome) in younger cases. [22]

The explanation for the decreasing outcome with age is probably multifactorial. For
example, adults with RMS more commonly have non-embryonal histology and tumors that
arise in unfavorable primary sites.[7] Other differences in tumor or host biology are
possible, although they remain the object of speculative hypotheses [23]. Finally, the impact
of the type and intensity of treatment on outcome cannot be ignored. Older patients may
receive less aggressive local and systemic treatment, either by prescription or due to lower
tolerance. In rhabdomyosarcoma, for example, retrospective single institution analyses have
shown that, although outcome for adults overall is poorer than for children, those cases
treated according to standard guidelines for pediatric rhabdomyosarcoma had a better
outcome, in some cases comparable to that expected for pediatric patients. [12,24-26],
Unfortunately, the SEER database does not provide adequate data on treatment, and
therefore our study cannot explore the impact of treatment on outcome.

Furthermore, our study has a number of important limitations, similar to other population-
based registry studies. The lack of data on tumor grade is problematic in any study of STS,
since histologic grade is among the strongest predictors of outcome and would be of interest
in trying to explain differences in outcome between pediatric and adult patients. The lack of
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central pathologic review to confirm the histologic diagnosis also limits to some degree the
reliability of our findings. The diagnostic criteria for STS have changed significantly over
the years, [27] and errors in the diagnosis of STS are well known to occur, particularly in
non-specialized centers. [28-30]. Another limitation of this study is the lack of data
regarding treatment-related mortality. As for other population-based analyses, these
limitations must be considered in the context of the very large number of cases analyzed.

In conclusion, our study indicates that age influences the incidence, distribution of histologic
subtypes, and survival of individuals with STS. Additional studies are needed to better
define the biology of these tumors and investigate whether differences between age groups
exist. Although outcome was inferior overall for adults in our analysis, we observed a
gradual decline in survival with advancing age for most histologic subtypes rather than an
abrupt decline at the attainment of adulthood (20 years). The notable exception was
rhabdomyosarcoma, which had a substantially better outcome in pediatric patients. Our
findings suggest that, except in rare cases where tumor biology is known to be different in
pediatric and adult cohorts (e.g., infantile fibrosarcoma), there are no significant
epidemiologic reasons why patients with STS should be treated differently based on their
age at presentation. Thus, collaboration between pediatric and medical oncologists should be
encouraged to expedite the development of cooperative trials that integrate uniform
treatment approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) Distribution of histologic subtypes by 10-year age groups, (B)distribution of primary
tumor sites by 10-year age groups, (C) distribution of tumor stage by 10-year age groups;
abbreviations: RMS: rhabdomyosarcomas; Fibroblastic: fibroblastic and myofibroblastic
tumors; Fibrohistiocytic: Fibrohistiocytic tumors; NST: malignant peripheral nerve sheath

tumors; Kaposi: Kaposi sarcoma; pPNET: Ewing family tumors; Rhabdoid: extraneral

rhabdoid tumor; Liposarcoma: liposarcomas; Synovial: Synovial sarcomas; Blood vessel:
blood vessel tumors; ASPS: alveolar soft parts sarcoma; Miscellaneous: Miscellaneous/
unspecified soft tissue sarcomas including other fibromatous neoplasms.
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