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Treatment at Specialized Cancer Centers |s Associated
with Improved Survival in Adolescent and Young
Adults with Soft Tissue Sarcoma

Elysia Alvarez, MD, MPH,' Sheri L. Spunt, MD, MBA ? Marcio Malogolowkin, MD,' Qian Li, MS® Ted Wun, MD?
Ann Brunson, MS? Steven Thorpe, MD, Sara Kreimer, MD/? and Theresa Keegan, PhD, MS?®

Background: Soft tissue sarcomas (STS) are a heterogeneous group of tumors whose management
benefits from a multidisciplinary therapeutic approach. Published data suggest that cancer treatment at a
specialized cancer center (SCC) can improve survival in other cancers. Therefore, we examined the
impact of the location of treatment on survival in children and adolescents and young adults (AYAs)
with STS.

Methods: We performed a population-based analysis of children and AYAs hospitalized within 1 year of
diagnosis with first primary STS (2000-2014) using the California Cancer Registry linked with hospitali-
zation data. Patients were categorized based on receiving all inpatient treatments at a SCC versus part/none.
Multivariable Cox proportional hazards regression identified factors associated with overall and STS-
specific survival by age group. Results are presented as adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs).

Results: Of the 1,674 patients with STS, 142 were children (0-14) and 1,532 were AYAs (15-39) and 89.4%
and 40.4% received all inpatient treatments at a SCC, respectively. Overall, the 5-year survival was improved
for patients who received all inpatient care at a SCC (59.8% vs. those who received part/none, 50.7%).
Multivariable regression analysis found that having all treatments at a SCC was associated with better overall
survival (HR, 0.79, CI: 0.65-0.95) in AYAs, but not in children.

Conclusions: Our findings demonstrate that treatment for STS at a SCC is associated with better survival in
AY As. Eliminating barriers to treatment of AYAs with STS at SCCs could improve survival in this population.

Keywords: AYA, children, soft tissue sarcoma

Introduction

WHILE SARCOMAS ARE considered rare tumors, they have
a peak incidence in adolescent and young adults (AY A:
ages 15-39) with cancer (~9% of all cancers impacting
AYAs) and are broadly divided into bone and soft tissue sar-
comas (STS). AYA patients with sarcoma continue to have
worse survival compared with children.' Reasons underlying
the survival disparity by age are likely multifactorial, including
differences in access to care, insurance coverage, access to
clinical trials, and response to therapy and complications.*>
Rhabdomyosarcoma is the most common soft tissue sar-
coma in young people overall, and clear treatment guidelines
have been established in North America by the Children’s

Oncology Group. In contrast, STS are a very heterogeneous
group of sarcomas collectively more common than rhabdo-
myosarcoma and management benefits from a multidisci-
plinary 7pproach particularly for those with high-risk
disease.®” Patients with STS are treated at several types of
institutions with differing levels of experience treating sar-
comas.®'° In recent years, research has focused on where
patients with cancer obtain their cancer treatment, with
studies suggesting that treatment at a specialized cancer
center (SCC: defined as Children’s Oncology Group [COG]
or National Cancer Institute [NCI]-designated cancer center
hospitals vs. non-SCC: other hospitals) is associated with
better survival outcomes in children and AYA patients with
cancer.'""'? Studies in adults with sarcoma also suggest that
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those treated at specialized or high-volume centers or whose
care is guided by a pre-treatment specialized multidisciplin-
ary tumor board have superior outcomes.'>"°

Much of what is currently known about outcomes of young
patients with STS is from clinical trials or single-institution
studies that only capture a minority of patients with sarco-
mas.®'%2972% These studies may not adequately represent a
comprehensive ‘‘real-world’’ picture of where these patients
receive care and the potential impact on survival. This is
especially critical for AYAs who are known to have poor
clinical trial enrollment*’ and decreased utilization of
SCCs.®!'"! In addition, for many patients getting to an SCC is
difficult and may be impacted by insurance coverage and
socioeconomic status.”® Patients may need to travel long
distances to obtain treatment at a SCC and may receive care
for treatment-related complications closer to home.”* To
determine whether children and AY As with STS benefit from
receiving all their inpatient treatment at a SCC, we examined
the association of location of cancer care and other potential
prognostic factors on survival throughout therapy with the
goal of informing education efforts, health care policies, and
treatment guidelines to improve survival outcomes in this
patient population.

Methods
Study population

This population-based retrospective cohort analysis eval-
uated all patients in California from 2000 to 2014 with a
diagnosis of first primary STS in the California Cancer
Registry (CCR) who were hospitalized within 1 year from
diagnosis. One year from diagnosis was chosen to capture the
duration of upfront therapy inclusive of surgery, chemo-
therapy, or radiation. Patients with a diagnosis on a death
certificate only or with no survival time (i.e., diagnosed at
time of death) (n=30), with secondary cancers (n=109) or
without inpatient admissions (n=270) were excluded.

Study database

Cases were identified using the CCR linked with the
Office of Statewide Health Planning and Development
(OSHPD) Patient Discharge Database (PDD). The PDD
database contains information on all acute care hospitali-
zations in California (except federal institutions) and in-
cludes discharge date, length of stay, hospital location, and
associated ICD-9 codes (primary code and up to 24 sec-
ondary codes). The CCR contains information on over 99%
of patients diagnosed with invasive cancer in California. It
includes information on diagnosis date, tumor characteris-
tics and initial treatment. Each patient has a unique record
linkage number, which allows longitudinal tracking of pa-
tient hospitalizations in this database.

Covariates

The study variables extracted from these linked databases
included: demographic information, diagnosis date, treat-
ment (e.g., chemotherapy, radiotherapy, surgery), stage (non-
metastatic: localized, regional; metastatic: distant), primary
anatomic site, health insurance type (private, public, unin-
sured, unknown), admission date, and hospital name and
location (zip code).
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SCCs were defined as COG member institutions and/or
NClI-designated cancer centers, depending on age at diag-
nosis.®!! There are 28 total SCCs in California, including 20
COG member institutions, 4 NCI designated institutions, and
4 combined COG/NCI institutions. A patient was considered
to have received care at a SCC if they were <21 years old
and they went to a COG member institution and/or NCI-
designated cancer center or if >21 years of age and they went
to an NCI designated cancer center. We defined inpatient
treatment at a SCC as receipt of all versus part/no treatment at
a SCC in the first year after diagnosis, to fully cover the
standard length of initial treatment. Patients were still con-
sidered to have received all care at a SCC if their initial
diagnosis occurred at a non-SCC or if they were hospitalized
for complications of cancer treatment (e.g., febrile neu-
tropenia) at non-SCCs.

Neighborhood socioeconomic status (nSES) is based on
Census and American Community Survey data at the census
tract level.*® The nSES indices were grouped into quintiles
based on the distribution of SES across census block groups
and into lower (quintiles 1, 2, 3) and higher nSES (4, 5).*°
Each patient was assigned a nSES category. For health in-
surance, we analyzed patients with public insurance (e.g.,
Medicaid) and no insurance together, since many uninsured
AY As obtain public insurance shortly after receiving a cancer
diagnosis or during their first admission.*'* Comorbidities
were determined by the presence of an ICD-9 code included
in the enhanced Elixhauser index®**> found in hospital ad-
missions up to 2 years before cancer diagnosis or at the first
admission during or after cancer diagnosis. We were unable
to capture comorbidities diagnosed and recorded in the out-
patient setting only. Potential treatment-related complica-
tions were determined by ICD-9 codes associated with each
hospitalization and occurring within the first year after di-
agnosis; grouped into cardiac, renal, gastroenterology, neu-
rologic, hematologic, pulmonary, and infectious.

Statistical analyses

Patients with STS were analyzed together and separately
by age group (children: 0-14 years and AYA: 15-39 years).
Descriptive statistics (e.g., Chi-square tests) were used to
characterize the study population. Five-year overall survival
was estimated using Kaplan—Meier analysis. Associations
between select baseline sociodemographic and clinical
characteristics having all treatments (versus part/none) at a
SCC to calculate a propensity score for location of care was
estimated using multivariable logistic regression. Results are
presented as odds ratios (ORs) and 95% CI.

Inverse probability weighted, multivariable Cox propor-
tional hazard models were used to measure the association of
treatment at a SCC on overall and sarcoma-specific survival by
age group, adjusting for baseline demographic characteristics
(age, sex, nSES, health insurance status, race/ethnicity, disease
stage, comorbidity, and complications). Propensity scores
were calculated based on age, sex, race/ethnicity, neighbor-
hood SES, payment, disease stage, and comorbidities. The
standardized mean differences in baseline covariates between
patients receiving all versus part/none of their care at a SCC
were used to verify the balancing effect of propensity score
weighting. Survival time was measured in days from diagnosis
to the date of death from all causes for overall survival, and
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patients who died from causes other than STS were censored at
the time of death in analyses of sarcoma-specific survival.
Patients alive at the study end date (12/31/2014) were censored
at this time or at the date of last follow-up, whichever occurred
first. In these models, the proportional hazards assumption was
assessed based on cumulative sums of Martingale residuals
and based on inspection of the survival curves [log (- log) of
the survival distribution function by log (months)]. Variables
that violated this assumption were included in the models as
stratifying variables (histology, chemotherapy, surgery) to al-
low for differences in baseline hazards associated with these
variables. The results are presented as hazard ratios (HRs) and
95% confidence intervals (CIs). Statistical analyses were per-
formed using SAS statistical software (version 9.4), and a two-
sided P value of <0.05 was considered statistically significant.
Ethics approval was obtained by the Institutional Review
Board of the University of California, Davis and by the Cali-
fornia Committee for the Protection of Human Subjects.

Results
Cohort characteristics

There were 1,674 patients, 142 children (0-14 years) and
1,532 AYA (15-39 years), who were diagnosed with and
hospitalized for STS between 2000 and 2014 in California
(Table 1). The majority had lower nSES (children: 70.4%;
AYA: 60.8%) and private insurance (children 57%; AYA:
65.6%). Additionally, there was a significant difference in the
distribution of clinical characteristics among children and
AYA patients, including differences in tumor size (p <0.0001)
with AYAs having larger tumors and metastatic disease
(p=0.0203) at presentation. The majority of children received
all their inpatient care at a SCC (89.4%) in contrast to AYA
patients (40.4%). Among patients ages 15-21, we found that a
slightly higher percentage (54.7%) has all care at a SCC (data
not shown). There were also differences in care delivered by
location of care with a larger proportion of patients with all
care at a SCC receiving radiation (48.9%, p=0.0048), che-
motherapy (52%, p=0.013), and surgery (86.9%, p=0.028).

Inpatient admissions in both types of institutions (SCC
vs. non-SCC) had potential treatment-associated compli-
cations captured. There was a significant difference be-
tween location of care across the whole cohort only for
gastrointestinal complications (p<0.0001) with higher
proportion occurring at SCCs (35.9% vs. 26.2%). Differ-
ences in complications across the two age groups were only
statistically different for gastrointestinal (p=0.0009) and
neurologic (p=0.0064) in AYA patients, with a higher
proportion occurring at SCCs.

Factors associated with survival

A Kaplan—Meier analysis demonstrated that 5 year
overall survival was better for patients who received all
inpatient care at a SCC (59.8% +1.92%) compared with
those who only received part/none of their treatment at a
SCC (50.7% £ 1.74%; p<0.0001) (Fig. 1). AYA patients
with non-metastatic disease who received all care at a
SCC had the best overall survival (71.1%+2.3%;
p<0.0001) and patients with metastatic disease who re-
ceived part/none of their care at a SCC had the worst
overall survival (15.6%+2.4%; p<0.0001) (Fig. 2). There
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were significant differences in survival by location of care
for patients with (p=0.0118) and without (p=0.0416)
metastatic disease.

Worse overall survival was associated with increasing age,
metastatic disease, and having any complication among
children and AYAs. In AYAs, worse overall survival was
additionally associated with older age, public/no insurance,
body wall, visceral and other primary site, tumor size >5 cm,
metastatic disease, and having any comorbidity. Improved
survival was associated with receiving all (vs. part/none) of
the inpatient care at a SCC for AYAs (HR, 0.79, CI: 0.65-
0.95), but this association was not seen in children (Table 2).

Sarcoma-specific survival could only be calculated for
AYA patients, as there were not enough events (n=21) in
children to perform the analysis. In AYAs with STS, worse
sarcoma-specific survival was associated with older age, tu-
mor size >10 cm, remote disease, and having a complication
(Table 2). Improved sarcoma-specific survival was not sig-
nificantly associated with receiving all inpatient care at a
SCC (HR, 0.80, CI: 0.63-1.01).

Factors associated with treatment at a SCC

In multivariable logistic regression analysis, having public
insurance was the only factor evaluated that was independently
associated with being more likely to receive all treatment-
related admissions at a SCC (Supplementary Table S1). Age
older than 18 years, female sex, NH Black and Hispanic
race/ethnicity, and remote stage of disease were all associated
with being less likely to receive all inpatient care at a SCC.

Discussion

Non-rhabdomyosarcoma soft tissue sarcoma is a rare
group of tumors impacting children and AY A patients. AYAs
continue to face worse survival outcomes compared with
children, as this study demonstrates, aligning with previous
reports in the literature.* A potentially significant and un-
derstudied contributor for this disparity in survival is com-
plications and location of care. We demonstrate that
complications captured in the inpatient setting are associated
with poor survival. Furthermore, we found that care at a SCC
is associated with over a 20% improvement in overall sur-
vival for AYA patients with STS. However, utilization of
these centers is limited for older AYAs, women, Black, and
Hispanic patients with STS.

Management of sarcomas requires intensive multimodality
therapy (surgery, chemotherapy, and radiation) that can be
associated with therapy-related complications.*®’ Treatment-
related complications, while impacting both age groups, have
been associated more often with modifications in therapy (e.g.,
dose modifications, eliminating drugs, therapy delays) in the
AYA age group,’®*” which could potentially lead to worse
survival. This study demonstrated that potential treatment-
related complications were associated with worse survival in
both age groups, although a more pronounced association with
worse survival was noted in AYAs with STS. While compli-
cations may contribute to the worse survival experienced by
AYAes, it is likely the not only contributor, and further inves-
tigation is needed.

This study demonstrates that treatment for cancer at a SCC
has the potential to improve outcomes in AYA patients with
metastatic and non-metastatic STS. The association with
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FIG. 1. Kaplan-Meier analysis S o6
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improved survival in AYAs is consistent with what has been
documented in the literature for other cancers, including
leukemia, Hodgkin lymphoma, and central nervous system
tumors.'"'%>3® Given the complexity of treatment of STS,
especially in patients with metastatic or unresectable disease,
this finding is not surprising. While a similar finding was not
demonstrated for children, this may be associated with the
small sample size in this rare group of tumors. The potential
positive impact of receiving all inpatient treatment at a SCC
on survival for the AYA age group is substantial. We have
hypothesized that the improved survival may be secondary to
access to multimodal therapy, adherence to published care
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guidelines,'8 multidisciplinary cxpertise,]7 clinical trials,4
and treatment of complications. However, complications do
not appear to explain the survival differences by location of
care. In AYAs, there was noted to be higher prevalence of
admissions associated with both gastrointestinal and neuro-
logical complications for those who received all inpatient
care at a SCC. It is difficult to determine though if these
complications were a result of treatment at a SCC or if
patients who have complications may be more likely to re-
ceive care at a SCC than a non-SCC. Exact reasons for the
differences in survival based on location of care remain lar-
gely unknown. Future work is needed to identify why
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TABLE 2. CHARACTERISTICS ASSOCIATED WITH SURVIVAL AMONG HOSPITALIZED CHILDREN AND ADOLESCENT

AND YOUNG ADULT PATIENTS WITH SOFT TISSUE SARCOMA CALIFORNIA, 1991-2014

Total cohort Children AYA
STS STS
Overall Specific Overall Overall Specific
HR (CI) HR (CI) HR (CI) HR (CI) HR (CI)

Age

0-5 Reference Reference Reference

6-9 1.24 (0.31-4.99) 0.85 (0.13-5.68) 1.84 (0.04-92.54)

10-14 1.24 (0.44-3.43) 1.04 (0.28-3.90) 2.59 (0.27-25.01)

15-20 2.20 (0.85-5.71) 1.83 (0.53-6.28) Reference Reference

21-30 2.89 (1.12-7.44) 2.79 (0.82-9.48) 1.18 (0.92-1.53) 1.41 (1.02-1.96)

> 30 3.50 (1.36-9.01) 3.05 (0.90-10.33) 1.44 (1.11-1.87) 1.52 (1.09-2.13)
Sex

Male Reference Reference Reference Reference Reference

Female 0.78 (0.65-0.93) 0.74 (0.59-0.93) 0.77 (0.21-2.79) 0.81 (0.68-0.96) 0.78 (0.63-0.97)
Health insurance status

Private Reference Reference Reference Reference Reference

Public/Uninsured 1.44 (1.20-1.73) 1.35 (1.06-1.72) 2.50 (0.49-12.66) 1.43 (1.19-1.71) 1.29 (1.02-1.62)
Race/ethnicity

NH White Reference Reference Reference Reference Reference

Asian/PI 1.05 (0.79-1.40) 1.13 (0.80-1.60) 9.29 (0.41-212.13) 1.04 (0.79-1.36) 1.15 (0.82-1.60)

Hispanic 0.99 (0.81-1.22) 0.83 (0.64-1.08) 2.16 (0.20-22.82) 0.98 (0.80-1.19) 0.85 (0.66-1.10)

NH Black 1.29 (0.96-1.75) 1.30 (0.89-1.89) 10.70 (0.42-272.15) 1.26 (0.94-1.70) 1.30 (0.89-1.88)
Neighborhood SES

Low Reference Reference Reference Reference Reference

High 0.86 (0.71-1.04) 0.85 (0.67-1.09) 1.63 (0.35-7.72) 0.81 (0.68-0.98) 0.88 (0.70-1.11)
Tumor size

0-5 Reference Reference Reference Reference Reference

5.1-10cm 1.72 (1.28-2.32) 1.71 (1.18-2.50) 2.36 (0.35-16.02) 1.46 (1.09-1.95) 1.45 (1.00-2.09)

> 10cm 2.07 (1.53-2.80) 2.08 (1.42-3.06) 0.32 (0.02-4.26) 1.86 (1.38-2.51) 1.85 (1.27-2.69)

Unknown 1.79 (1.30-2.46) 1.39 (0.91-2.11) 6.12 (0.58-64.01) 1.70 (1.25-2.33) 1.40 (0.93-2.11)
Comorbidities

No Reference Reference Reference Reference Reference

Yes 1.40 (1.17-1.67) 1.30 (1.04-1.63) 3.40 (0.39-29.64) 1.36 (1.14-1.62) 1.33 (1.07-1.66)
Complications

No Reference Reference Reference Reference Reference

Yes 3.03 (2.46-3.72) 3.15 (2.41-4.10) 6.14 (1.04-36.36) 2.92 (2.38-3.57) 2.78 (2.15-3.60)
Cancer treatment at an SCC

Part/None Reference Reference Reference Reference Reference

All 0.80 (0.66-0.97) 0.83 (0.65-1.05) 0.31 (0.01-14.94) 0.79 (0.65-0.95) 0.80 (0.63-1.01)

*Additionally adjusted for primary site; stratified by stage, histology, chemotherapy, and surgery.

NH, non-Hispanic; SCC, specialized cancer center.

survival is improved at SCCs to inform intervention to op-
timize the care delivered to this population in non-SCC set-
tings as well. However, regardless of the reasons behind
improved survival associated with SCC, we advocate that
AYA patients with these rare tumors be treated at SCCs.
While this study has demonstrated the importance of
treatment at a SCC for AY A patients with STS, we know that
there is a distinct group of patients not being seen at SCCs,
including older AY As. This group of patients is less likely to
enroll on clinical trials that are often only accessible at SCCs
and that this can have a negative impact on survival.**"*
Hispanic and Black race/ethnicity was associated with being
less likely to be seen at a SCC even when accounting for
neighborhood SES and insurance status. The reasons for this
are likely multifactorial and may include referral patterns,
issues with insurance, and fear of medical experimentation at

hospitals offering clinical trials. In addition, women are less
likely to be seen at a SCC. To our knowledge that has not
been previously described. One could speculate that young
women may be primary caregivers and may be more likely to
receive care where it is most convenient, even if it is not at a
SCC. These disparities in utilization of SCCs are problematic
especially with the mounting evidence of the improved out-
comes associated with SCCs. Identifying reasons why utili-
zation to SCCs is lower in this population and potential
solutions to improve utilization for older AY As, women, and
Hispanic and Black patients are critical to ensuring equitable
access not only to expert, multidisciplinary care but to im-
proved survival.

A limitation of this study is that we focus on patients with
inpatient admissions and lack information on outpatient
visits, which is especially important for those patients with
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localized disease or who do not receive chemotherapy and are
less likely to be hospitalized. However, a majority of patients
with STS, especially metastatic STS, have inpatient admis-
sions, allowing us to identify their location of inpatient care.
Lacking outpatient data also may result in underreporting of
treatment-associated complications in our study. In addition,
the number of children in this study is small, limiting the
power to determine the impact of location of care on children
with STS. However, this study is a large population-based
study evaluating a large cohort of children and AY A patients
with STS, providing a real-world picture of factors impacting
their survival, including location of care.

The superior survival experienced by AYA patients re-
ceiving inpatient care at a SCC may be secondary to im-
proved access to expertise in the treatment of STS and
clinical trials. However, there continues to be a distinct group
of people that are not utilizing or have access to SCCs, in-
cluding older AYAs, women, Black, and Hispanic patients
with STS. While identifying which patients benefit most from
care at a SCC is a critical first step toward improving out-
comes, optimizing access to and utilization of care at SCCs
with the current standard therapies for STS significantly
improving survival in this patient population, especially in
those patients who are currently less likely to receive treat-
ment at a SCC.
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