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Abstract

Background: Survival estimates for soft tissue sarcomas (STS) and malignant bone tumors (BT)
diagnosed in pediatric, adolescent, and young adult patients are not easily available. We present
survival estimates based on a patient having survived a defined period of time (conditional
survival). Conditional survival estimates for the short-term were calculated for patients from
diagnosis to the first five years after diagnosis and for patients surviving in the long-term (up to 20
years after diagnosis).

Methods: We identified 703 patients who were diagnosed with a STS or BT at age <25 years
from January 1, 1986 to December 31, 2012 at a large pediatric oncology center in Salt Lake City,
Utah, United States. We obtained cancer type, age at diagnosis, primary site, and demographic
data from medical records, and vital status through the National Death Index. Cancer stage was
available for a subset of the cohort through the Utah Cancer Registry. Cox proportional hazards
models, adjusted for age and sex, calculated survival estimates for all analyses.
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Results: Short-term survival improves over time for both sarcomas. Short-term survival for STS
from diagnosis (Year 0) did not differ by sex, but short-term survival starting from 1-year post
diagnosis was significantly worse for male patients (Survival probability 1-year post-diagnosis
[SP1]:77% [95% CI:71-83]) than female patients (SP1:86% [81-92]). Survival for patients who
were diagnosed at age <10 years (Survival probability at diagnosis [SP0]:85% [79-91]) compared
to diagnosis at ages 16-25 years (SP0:67% [59-75]) was significantly better at all time-points
from diagnosis to 5-years post-diagnosis. Survival for axial sites (SP0:69% [63—75]) compared to
extremities (SP0:84% [79-90]) was significantly worse from diagnosis to 1-year post-diagnosis.
Survival for axial BT (SPO: 64% [54-74] was significantly worse than BT in the extremities
(SPO0:73% [68-79]) from diagnosis to 3-years post diagnosis. Relapsed patients of both sarcoma
types had significantly worse shortterm survival than non-relapsed patients. Long-term survival for
STS in this cohort is 65% at diagnosis, and improves to 86% 5-years post-diagnosis. BT survival
improves from 51% at diagnosis to 78% at 5-years postdiagnosis.

Conclusion: Conditional survival for short- and long-term STS and BT improve as time from
diagnosis increases. Short-term survival was significantly affected by patients' sex, age at
diagnosis, cancer site, and relapse status.

Keywords

1.

Cancer; Cancer survival; Epidemiology; Pediatrics

Introduction

Soft tissue sarcomas and malignant bone tumors account for 20% of solid tumors diagnosed
among children and 13% among adolescent and young adults [1]. These sarcomas have
relatively low survival compared to more common childhood cancers (e.g. leukemia),

particularly if disease is metastatic at diagnosis [1,2]. Survival estimates derived at diagnosis
are commonly used in prognostication, but may not be as accurate for patients who complete

therapy or attain remission [3]. Patients and families ask providers for updated survival
information based on their current status, yet there is a scarcity of analyzed data available to
address these pertinent medical questions after therapy ceases. As such, understanding
conditional survival (the risk of mortality given that a patient has survived a defined number

of years) is critical for providing prognostic information to patients and their caregivers prior

to and after cancer therapy, which includes systemic chemotherapy and local control with
surgery and/or radiation. Since the chemotherapy and high dose radiation therapy used to

treat soft tissue sarcomas and malignant bone tumors can cause toxic effects in the heart and

other organs, as well as second cancers [4], obtaining patient-specific survival estimates can
inform surveillance and monitoring of patients who are in early to late survivorship, and
reduce patient and caregiver anxiety.

At this time, few studies have specifically evaluated the conditional survival of pediatric,

adolescent, and young adult patients diagnosed with soft tissue sarcoma and malignant bone

tumors [5]. Previous conditional survival analyses of pediatric sarcomas report

improvements in survival through 30 years of follow-up [6,7]. We provide short-term and
long-term conditional survival estimates for pediatric, adolescent and young adult cancer
patients diagnosed with soft tissue or malignant bone tumors by clinical characteristics at
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diagnosis. Here, short-term conditional survival is defined as surviving an additional five
years from a specific time point (e.g. one year after diagnosis), and are presented annually
from diagnosis to five years post-diagnosis. Short-term survival statistics are stratified by
year of diagnosis, cancer site, sex, age at diagnosis, and cancer stage. Long-term conditional
survival estimates are calculated for twenty years of follow-up, starting at diagnosis, and
one, three, and five years post-diagnosis. Both followup time frames are longer than the
median time for recurrence as noted in previous studies [8-10].

This study determines annual improvements in the conditional survival of soft tissue
sarcomas and malignant bone tumors, and examines how annual improvements in
conditional survival differ by year of diagnosis, cancer site, sex, age at diagnosis, cancer
stage, and relapse from diagnosis to five years post-diagnosis. We also examine long-term
survival at diagnosis, and at one, three, and five years post-diagnosis over twenty years of
follow-up.

Materials and methods

Data collection

For this retrospective cohort study, we obtained records of patients diagnosed with cancer at
age 25 or younger, between January 1, 1986 and December 31, 2012, and received treatment
at any Intermountain Healthcare (IH) facility. IH is a Utah-based not-for-profit health system
that includes Primary Children’s Hospital (PCH), the only pediatric oncology center in a
five-state catchment region [11]. IH maintains an enterprise data warehouse (EDW) with an
internal cancer registry that reports cancer diagnoses to the Utah Cancer Registry (UCR). IH
and UCR data were linked to records from the Utah Population Database (UPDB), a
population registry for containing vital records and other government records for Utah
residents. The IH and the University of Utah Institutional Review Boards approved this
study.

Subjects were eligible for inclusion if their cancer diagnosis was coded as “IX. Soft Tissue
and Other Extraosseous Sarcomas” or “VIII. Malignant Bone Tumaors” by the International
Classification for Childhood Cancer (ICCC) Il categorization system. Although most PCH
oncology patients reside in Utah, PCH also sees patients from other states in the
Intermountain West (e.g. Montana, ldaho, and Nevada) and the West Coast.

Subjects were followed from first diagnosis date until their date of death or January 1, 2014.
Since cancer stage was only available for a subset of the cohort, short-term survival
estimates by therapy and stage were analyzed in a separate cohort. Subjects that were alive
at the end of follow-up were considered censored. We also conducted short-term survival
analysis stratified by relapse, in which relapsed subjects were followed from their first
relapse date to the end of follow-up or death.

Patients who visited an IH clinic after January 1, 2014 were considered alive. National
Death Index (NDI) identified death date and cause of death as of January 1, 2014 for other
subjects using date of birth, first, middle, last name, sex, and state of birth. If subjects had
hyphenated last names, NDI received the combined and individual names.
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2.2. Demographic and clinical variables

We obtained birthdate and sex from the IH data warehouse. Hispanic ethnicity was
determined using the ethnicity classification stored in UPDB and matching participant
surnames to the 1990 Census Heavily Hispanic Surname list [12,13]. Participants with
hyphenated names were matched based on either last name. If a participant was Hispanic
according to either source, we classified the participant as Hispanic [12].

Clinical variables were obtained from IH. Year of diagnosis was categorized as 1986 to 2000
and 2001 to 2012 based on the data distribution. Cancer site at diagnosis was identified
using medical records, surgical notes, and coded variables. Sarcomas located in the
shoulders and lower or upper limbs were labeled extremity sites; sarcomas in the head, neck,
spine, torso or pelvic region were axial sites. Date of first relapse was obtained from IH.

Staging data from the UCR were matched to IH records by a unique identifying number. As
this information was only available for patients who resided in Utah at the time of diagnosis,
these analyses reflect a subset of our full sample that was treated at PCH. We distinguished
local/regional tumors from distant/metastatic disease stage.

2.3. Statistical analyses

Analyses for soft tissue sarcomas and malignant bone tumors were conducted separately.
Adjusted Cox proportional hazards models produced predicted survival probabilities for
short-term survival statistics for five-year increments starting at diagnosis (Year 0), and then
continued from one year post-diagnosis (Year 1) to five years post-diagnosis (Year 5) [14].
Short-term analyses were stratified by sex, year of diagnosis, and cancer site (axial vs
extremity) to produce the estimated survival probabilities. We also obtained p-values for
comparisons of yearly survival times between each group using the same Cox models. To
determine which variables would be included for adjustment, we examined individual
associations between covariates and mortality, and then compared results to a stepwise
model with entry criteria of 0.1 and exit criteria of 0.05. All models were adjusted for age at
diagnosis and sex where appropriate. We indicated significant differences (p < 0.05) between
groups at each year.

Adjusted Cox models also produced survival probabilities for longterm survival statistics
from diagnosis, and survival curves for one, three, and five years post-diagnosis for all
patients diagnosed between January 1, 1986 and December 31, 2012 to the end of follow-up
on January 1, 2014. Analyses were conducted in SAS version 9.4.

3. Results

Our cohort contains 703 soft tissue sarcoma (n = 377) and malignant bone tumor patients (n
= 326). Ninety-two percent of the 221 deaths during the study period are attributed to
cancer-related causes. Rhabdomyosarcoma is the most common soft tissue sarcoma (n =
135, 35.8%). The two most common malignant bone tumors are Ewing sarcoma (n = 104,
31.9%) and osteosarcoma (n = 194, 59.5%). The remainder are bone tumors that are not of
osteosarcoma or Ewing sarcoma origin (n = 22, 6.7%). The largest percent of soft tissue
sarcoma and malignant bone tumor patients are 16 to 25 years of age at diagnosis (34.0%
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and 38.0%, respectively) (Table 1). The distribution of soft tissue and malignant bone tumor
diagnoses are similar between females and males, and patients of Latino and Non-Latino
ethnicity. Soft tissue sarcomas are most frequently reported in axial locations (65.3%), while
malignant bone tumors are more commonly found in the extremities (72.7%). The average
time to relapse is 3.2 years for soft tissue sarcomas and 2.2 years for malignant bone tumors.

Short-term survival from diagnosis (Year 0) to five years post-diagnosis (Year 5) improves as
time from diagnosis increases (Table 2). Survival from diagnosis to five years post-diagnosis
for soft tissue sarcomas is 75% (95% confidence interval [CI] = 71-80). At one year from
diagnosis (Year 1), survival for soft tissue sarcomas overall is 81% (Cl = 77-86), and then
improves to 94% (CI = 90-97) at five years post-diagnosis. For malignant bone tumors,
survival from diagnosis to five years past diagnosis is 71% (CI = 66-76), and survival at one
year post-diagnosis improves from 74% (Cl = 69-79) to 93% (CI = 90-97) at five years post-
diagnosis.

For soft tissue sarcoma, short-term estimates differ significantly by cancer site, sex, and age
at diagnosis (Table 2 and Fig. 1). Survival for axial sarcomas is significantly worse from
diagnosis and one year postdiagnosis than sarcomas found in the extremities, but those
differences were not significant after two years. Survival among male patients is
significantly worse than female patients at one year post-diagnosis, and did not improve with
time. Patients diagnosed at 10 years or younger have significantly better survival from
diagnosis through five years post-diagnosis than patients diagnosed between 16 and 25
years. Relapsed patients have significantly worse survival than non-relapsed patients until
five years post-diagnosis, but still improves from 40% (CI = 29-55) at relapse to 78% (CI =
59-100) at five years post-relapse (non-relapses: Year 0 = 75%, CI = 70-80; Year 5 = 97%,
Cl = 94-99) (data not shown).

For localized malignant bone tumors, short-term conditional survival differs by year of
diagnosis, cancer site, and age of diagnosis (Table 2 and Fig. 2). Differences in survival for
patients diagnosed between 1986 and 2000 and patients diagnosed between 2001 and 2012
are significant at diagnosis, but not after one year post-diagnosis. Short-term survival at
diagnosis to three years post-diagnosis for axial bone tumors is significantly worse than
survival for bone tumors found in the extremities. Survival of malignant bone tumor patients
diagnosed between 16 and 25 years is significantly lower at all time points than sarcomas
diagnosed in patients aged 10 years or less. Survival for relapsed malignant bone tumor
patients improves from 40% (Cl = 29-55) at first relapse date to 78% (Cl = 53-100) at five
years post-relapse, but is significantly worse than non-relapsed patients at all time points.

In the subcohort of 428 patients with staging information from UCR (Table 3), 33.1% of soft
tissue sarcomas are rhabdomyosarcomas, and 34.9% of malignant bone tumors are Ewing
sarcomas and 63.5% are osteosarcomas. Improvements in local/regional soft tissue sarcomas
(86%, Cl = 81-91 to 94% at Year 0, Cl = 90-99 at Year 5) and malignant bone tumors (79%,
Cl = 73-86 at Year 0 to 95%, CI = 90-100 at Year 5) were seen over the five year time frame
(Table 4). Distant/metastatic stage sarcomas show a similar trend, but survival estimates for
soft tissue sarcomas (33%, Cl = 22-48) and distant/metastatic malignant bone tumors (38%,
Cl = 26-54) at diagnosis are significantly lower than estimates for local/regional stage
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sarcomas. These differences are not significant at five years post-diagnosis for soft tissue
sarcomas, and four years for malignant bone tumors.

Long term survival estimates at diagnosis, and one, three and five years post-diagnosis for
20 years of follow-up show improvement as time from diagnosis increases (Table 5 and Fig.
3). Probability of survival at diagnosis for both localized and metastatic soft tissue sarcomas
is 65% (CI = 59-71) Survival at 3-years post-diagnosis improves to 81% (Cl = 74-87), and to
86% (CIl = 79-92) at 5-years post-diagnosis. A similar pattern is found in malignant bone
tumors with 51% (CI = 33-79) overall survival at diagnosis, 69% (Cl = 49-97) at 3-years
post-diagnosis and 78% (CI = 57-100) at 5-years post-diagnosis.

4. Discussion

The 10,520 soft tissue sarcomas and 2650 malignant bone tumors diagnosed in the United
States in 2010 are considered some of the more rare, aggressive, and deadly cancers due to
delays in their diagnosis and potentially advanced stage at diagnosis [1]. Although survival
at initial diagnosis for sarcomas is lower than the majority of childhood cancers, conditional
survival for soft tissue sarcomas and malignant bone tumors five years after diagnosis is
comparable to childhood cancers with survival rates of 90% or greater [15]. New data
reports that if localized Ewing sarcoma and osteosarcoma patients diagnosed at less than 40
years of age survive for five years after initial diagnosis, the likelihood that they will survive
another five years is greater than 90% [16]. We confirm these conditional survival estimates
of 90% at five years postdiagnosis for soft tissue sarcomas and malignant bone tumors in our
cancer population diagnosed at 25 years or younger. Further, we provide short-term survival
statistics by specific clinical and demographic characteristics that allow providers to
determine individualized prognostic information, which may aid in relieving patient and
family stress [6,7,16].

The first five years after diagnosis is a high-risk period for mortality among cancer patients
[6,7], so providing relevant survival estimates and identifying at risk patients by clinical
characteristics are critical. We found improvements in overall short-term survival for both
soft tissue sarcomas and malignant bone tumors.

Our analysis reports differences in short-term survival estimates between male and female,
and differences in survival by cancer site. We found that survival for both bone and soft
tissue sarcomas in axial sites is significantly worse than sarcomas found in the limbs. Poor
survival of axial tumors could be attributed to difficulty with detecting tumors that form in
the pelvis or torso before they reach advanced stages, damage caused to vital organs (i.e.
spinal cord) with their growth, or the surgery necessary to remove them. Axial tumors are
also associated with metastatic disease at presentation and may have different biologic
presentation from tumors located in the extremities [5,17-20]. Ideally, both soft tissue and
malignant bone tumors would be surgically removed with negative margins as part of the
treatment protocol. This is most important for non-radiation sensitive tumors like
osteosarcoma. However, most axial tumors cannot be primarily resected meaning that
radiation therapy is more likely to be used for local control in these cases.
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In our cohort, females were less frequently diagnosed with soft tissue sarcoma in childhood
and adolescence, and have significantly better conditional survival than males starting one
year post-diagnosis. Starting from diagnosis, we find that females have a higher probability
of surviving an additional five years than males, although the difference is not significant.
This survival statistic starting from diagnosis differs from the childhood cancer statistics
reported by the National Cancer Institute's Cancer Surveillance, Epidemiology, and End-
Result (SEER) Program, in which females are more likely to die from soft tissue sarcoma
than males [21]. Although this may be a function of the differences between the populations
and years included in this study, the difference in survival by sex does not change in the first
five years postdiagnosis and should be assessed in other populations for confirmation.

Survival statistics for soft tissue and malignant bone tumor patients do not differ between
patients diagnosed between 1986 and 2000, and 2000 and 2012. Unfortunately, there have
not been major advances in therapy for these types of cancer over the past 30 years [22,23],
so this pattern is expected. However, surgical techniques and supportive care have improved
during this time frame with the goal of decreasing infections and excess morbidity due to
surgical complications, and increasing quality of life in terms of limb salvage techniques.
This may account for the significant difference in malignant bone tumor survival at
diagnosis, which does not become significant at one year post-diagnosis when these changes
in surgical procedures would be seen.

In our study, the largest age group for both soft tissue and malignant bone tumors are in the
16 to 25 year age range at diagnosis. These diseases remain rare, but are certainly more
common in adolescent and young adult (AYA) patients. None of the available literature that
we are aware of specifically documents conditional survival for AYA patients with sarcomas.
As documented previously, AYA patients have survival deficits when compared to younger
patients with similar disease characteristics [24]. Research into the reasons for this
discrepancy is ongoing, and questions about differences in tumor biology remain [25,26].

Long-term survival also improves as time from diagnosis increases. Since 92% of deaths in
this cohort were related to cancer, mortality from recurrence of the primary malignancy and
other cancer-related causes is still a major concern in this population at 20 years from first
diagnosis. As there is an inherent time lag between treatment for cancer and the long-term
impacts of treatment on survivor health, these conditional survival estimates still do not fully
capture the previously described premature mortality due to non-malignant causes in
survivors of childhood cancer that occurs beyond 20 to 30 years after diagnosis [27,28].

Limitations of this data include the lack of minority populations and the limited data on
treatment. African-Americans with Ewing sarcoma have a higher risk of death, and may
have poorer conditional survival [5]. As our population is primarily white Caucasians, we
are unable to comment on this association. We are unable to comment on how tumor size or
grade affect survival statistics as our available data did not include those variables, but was
recorded as local versus metastatic only, with small numbers of metastatic patients. Tumors
larger than five centimeters at diagnosis, tumor grade, and higher stage of disease are linked
to a high occurrence of recurrent tumors, secondary neoplasms, and increased risk of death
in previous studies of soft tissue sarcoma [29]. These late effects occur among 9% of
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children with non-rhabdyomyosarcoma soft tissue sarcomas at 10 years from diagnosis [29],
and should be included in future survival studies. We did not evaluate long-term survival by
specific clinical and demographic characteristic. We also found that the ICCC chapter
classification of “VIII. Malignant Bone Tumors” included soft tissue sarcomas that were
treated as osteosarcomas (n = 8, 1.8%), and benign bone tumors (n = 2, 0.6%). Because our
inclusion criteria was defined by the ICCC chapter classification, these tumors were
considered as malignant bone tumors. As the cases represent 2% of the total sample, they are
unlikely to influence our results but are important to capture per this classification system.

Our sample is limited to all sarcoma diagnoses seen at the only children’s hospital in the
five-state catchment region. An earlier assessment found that 97% of children in Utah with
cancer aged 0 to 9 years and 82% of aged 10 and 14 years attended PCH for their cancer
treatment [17]. However, for adolescents ages 15 to 19 years, virtually all bone tumors were
seen at the children’s hospital, whereas only 52% of soft tissue sarcomas were seen there for
this age group [17]. This potentially explains the large number of malignant bone tumor
cases relative to soft tissue sarcomas and is likely due to differences in referral. Although
this may lead to selection bias as certain cancers in adolescents are shown to have better
outcomes when treated on pediatric protocols, our results are based on cancer registry data
from the only children’s hospital in a five-state region, and capture the majority of sarcoma
cases for younger patients.

Although we see disparities in survival by sex, cancer site, and age at diagnosis, both short-
and long-term conditional survival estimates for soft tissue and malignant bone tumors
improve with each year of survival. For patients, families, and clinicians alike these
estimates are vital to expressing an accurate prognosis for a particular individual who has
survived to date, something that overall survival estimates do not provide. Since conditional
survival estimates are greater than overall survival at diagnosis, with each year of survival,
patients and families can be more reassured about survival as prognosis improves and
previous risk factors are no longer important. Since many differences in short-term survival
are not significant at five years post-diagnosis, five years of survival without a relapse may
be a milestone in a patients’ treatment and possibly the appropriate time to transition to
survivorship care. Although intuitive, it is helpful to use conditional statistics to reassure
families and bring the definition of “cure” to them in an understandable and meaningful way.
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Conditional survival for an additional 5 years for each year from diagnosis of pediatric,
adolescent, and young adult soft tissue sarcoma patients, by diagnosis year, age at diagnosis,

and sex.
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Classification by cancer stage and histology for pediatric, adolescent, and young adult soft tissue and

malignant bone tumor patients.l

Table 3

All diagnoses  Soft Tissue Sarcoma

Malignant bone tumor

n =236 n=192

n n % n %
Stage
Distant 98 51 216 47 245
Local/Regional 330 185 78.4 145 75.5
Histology
Rhabdomyosarcoma 78 331 - -
Other soft tissue sarcoma 158 66.9 - -
Ewing sarcoma - - 67 34.9
Osteosarcoma - - 122 63.5
Other bone tumors - - 3 1.6

Page 18

Staging information was only available for patients with records in the Utah Cancer Registry; therefore, this table reflects a subset of the full

cohort.
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Table 5

Page 20

Twenty-year conditional survival estimates for pediatric, adolescent, and young adult soft tissue sarcoma and

bone tumor, at starting at diagnosis and at one, three, and five years from diagnosis.

1

Survival Estimates- 95% Cl
Soft tissue sarcoma At diagnosis 65 59-71
1-year 71 65-78
3-years 81 74-87
5-years 86 79-92
Bone tumor At diagnosis 51 33-79
1-year 55 36-85
3-years 69 49-97
5-years 78 57-100

'ZAdjusted for age at diagnosis and sex.
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