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at pediatric centers were more likely to be enrolled in a clinical trial (OGS 55% vs 1%, [p<0.001]; EWS 53% vs 2%, [p<0.001])
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Abstract Background : Location of cancer care (LOC: pediatric versus adult center) impacts outcomes
in adolescents and young adults (AYA) with some cancer types. Data on impact of LOC on survival in AYA
with osteogenic sarcoma (OGS) and Ewing sarcoma (EWS) are limited.Objectives : To compare differences
in demographics, disease/treatment characteristics, and survival in a population-based cohort of AYA with
OGS or EWS treated at pediatric versus adult centers Methods : The IMPACT Cohort captured demogra-
phic, disease, and treatment data for all AYA (15-21 years old) diagnosed with OGS and EWS in Ontario,
Canada between 1992-2012. Patients were linked to provincial administrative healthcare databases. Outco-
mes were compared between patients treated in pediatric versus adult centers using appropriate statistical
methods.Results : 137 AYA were diagnosed with OGS (LOC: 47 pediatric, 90 adult) and 84 with EWS
(LOC: 38 pediatric, 46 adult). AYA treated at pediatric centers were more likely to be enrolled in a clinical
trial (OGS 55% vs 1%, [p<0.001]; EWS 53% vs 2%, [p<0.001]) and received higher cumulative chemotherapy
doses. Five-year event-free survival (EFS ± Standard Error) in OGS and EWS were 47% ± 4 and 43% ±
5, respectively. In multivariable analysis, the impact of LOC (pediatric vs adult center) on EFS in OGS
(adjusted hazard ratio [HR] 1.15, 95% CI 0.58-2.27, P=0.69) and EWS (adjusted HR 1.82, 95% CI 0.97-3.43,
P=0.06) were not statistically significant.Conclusion : Outcomes did not differ by LOC suggesting that
AYA with bone tumors can be treated at either pediatric or adult centers.KEYWORDS : adolescent and
young adult, Ewing sarcoma, event-free survival, locus of care, osteosarcoma, population-based

1 | INTRODUCTION

Osteogenic sarcoma (OGS) is the most prevalent primary bone cancer, accounting for almost two-thirds of
all bone malignancies and is the most common primary bone cancer in children and adolescents.1,2 Ewing
sarcoma (EWS) is the second most prevalent bone cancer in all ages.3 Both tumors are common and cause
considerable morbidity and mortality in the adolescent and young adult population (AYA; ages of 15 to 39
years).4

The location of cancer therapy or locus of care (LOC: pediatric versus adult centers) may impact outcomes
in AYA with cancer. Variations in care according to LOC, including type and intensity of therapy, access to
clinical trials, and treatment team experience may result in differences in survival outcomes.5.6

Differences in outcomes according to LOC have been studied in AYA with leukemia, lymphoma, brain
tumors, and soft tissue sarcomas.5,7-15However, few studies have compared treatment differences between
pediatric and adult centers and explored the impact of LOC on outcomes in bone tumors.12,13,16Differences
in treatment intensity and/or time to local therapy are among the possible reasons for outcome disparities in
AYA bone tumors.12,13,16 The existence of such LOC-based disparities would inform policy and may improve
bone tumor outcomes. However, prior studies have been limited by small patient numbers and inconsistent
results.

It is a common assumption that prolonged diagnostic interval length (DIL) for cancer has a negative influence
on survival because of a risk for more advanced stage disease at diagnosis.17 Delays in the diagnosis and
initiation of treatment of bone cancers are common, as their symptoms are often vague and misleading or
may be misattributed to other pathologies.18 However, most prior studies have not shown any association
between prolonged DIL and survival in OGS or EWS.19-21

We used a population-based provincial cancer registry, to explore outcome disparities among AYA with OGS
or EWS treated at pediatric versus adult cancer centers, and to examine the impact of DIL on survival.

2 | METHODS

2.1 | Study design, population, and data resources

After obtaining Research Ethics Board approval from the Hospital for Sick Children and Sunnybrook He-
alth Sciences Centre, we carried out a population-based retrospective cohort study using the IMPACT

2



P
os

te
d

on
A

u
th

or
ea

25
S
ep

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

25
35

17
.7

99
29

50
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Cohort. The need for individual consent was waived. The creation of the cohort has been described in detal
previously.5 It comprises all Ontario residents, aged 15 to 21 years at diagnosis of one of six common cancers
(including bone tumors) treated at an adult center (a Regional Cancer Center or a community hospital) or
a pediatric center (one of the five specialized, tertiary care centers) from 1992 to 2012.5 In Ontario, AYA
aged less than 18 may receive care at either pediatric or adult centers, whereas older AYA ([?]18) almost
always are treated in adult centers.7,9 IMPACT was built using two data sources. The Pediatric Oncology
Group of Ontario Networked Information System (POGONIS) database captures demographic, disease- and
treatment-related data of children diagnosed with cancer before the age of 18 who received their care at a
pediatric center.22,23 AYA diagnosed between ages 15 to 21 who received their cancer care at an adult cen-
ter were identified through the Ontario Cancer Registry (OCR) and their clinical data collected by trained
chart abstractors.5,7 These data were combined to form the IMPACT database. All AYA patients diagnosed
with OGS or EWS, except those who lived or were diagnosed out of the province (Ontario), were included
in this study. The IMPACT database was linked deterministically using encrypted personal identifiers to
population-based health services databases (CIHI-DAD for hospitalization records, NACRS for emergency
room visits, OHIP for outpatients visits and physician’s billing information; see Appendix 1 ) hosted at
ICES (formerly, the Institute for Clinical Evaluative Sciences).

2.2 | Outcome and variables

The primary outcome was event-free survival (EFS), defined as the time between primary diagnosis and the
occurrence of a first event (progression, relapse, subsequent malignant neoplasm [SMN], or death) or the end
of follow-up (December 31, 2018). Most events were captured through chart abstraction. To avoid missing
events that occurred at centers different from the primary treatment center, validated health administrative
data-based algorithms using billings for chemotherapy, radiation, or palliative care with service dates after
the end of the initial therapy were utilized.24

The main exposure variable was a 3-level categorical variable combining age and LOC. Pediatric LOC
included patients aged 15 to 17.9 years old who were treated at a pediatric center. Adult [?]18 LOC comprised
18 to 21 years old patients who were treated at an adult center. Patients in pediatric age group (<18 years)
who were treated at an adult facility or diagnosed at a pediatric center but treated at an adult center, were
categorized as adult<18 LOC . A patient’s main treating institution was categorized based on delivery of
the majority of chemotherapy and/or radiotherapy during first three months after diagnosis. Patients who
received upfront chemotherapy at a pediatric center and radiation at an adult center, were considered as
pediatric-center patients.

Demographic and patient-related variables included sex and socioeconomic variables (neighborhood median
income quintile, rurality, immigrant status). Neighborhood median income quintile was determined utilizing
the Canadian census and respective postal code at the date closest to the date of cancer diagnosis. Patients
were classified as having urban or rural residence according to their residential postal code at diagnosis and
the Rurality Index for Ontario (RIO)-2004.25 The immigration status of each patient was determined by
utilizing the Citizenship and Immigration Canada (CIC) database and recorded as a binary (yes/no) variable.
The main disease-level variables were histology (OGS or EWS), DIL, metastatic status at diagnosis (localized
versus metastatic), and site of the primary tumor (limb versus axial).

To calculate DIL, all healthcare claims and visit records in the year preceding cancer diagnosis were organized
as discrete episodes and each episode was assigned a single ICD code representing the main purpose (symptom
or diagnosis) of that episode. Two pediatric oncologists (PN and SG ) defined the diagnostic codes that
were consistent with an underlying OGS or EWS diagnosis, based on their clinical expertise. The DIL for
each patient was calculated as the time interval between the date of the first relevant physician encounter
with a definite OGS- or EWS-related symptom and the date of cancer diagnosis. To evaluate the association
between DIL and survival, categorical variables with two levels according to the calculated median DIL (i.e.,
short delay [?] median and prolonged delay > median) were created separately for OGS and EWS.

Treatment variables other than LOC included clinical trial enrollment (enrolled vs non-enrolled), time from
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. diagnosis to local therapy, and chemotherapy cumulative doses (mg/m2). Time to local therapy was de-
fined as the time from the date of diagnosis to the date of first definitive local treatment (surgery and/or
radiation) and was categorized as early ([?] 3 months) versus late (>3 months). The cumulative doses of
chemotherapeutic agents were identified and recorded. The Cyclophosphamide Equivalent Dose (CED) was
calculated for alkylating agents, using the following equation:26

CED (mg/m2) = 1.0 (cumulative cyclophosphamide dose(mg/m2)) + 0.244 (cumulative

ifosfamide dose(mg/m2))

2.3 | Statistical analysis

Descriptive statistics were generated to describe demographic, disease characteristics, and treatment variables
to compare the distributions between patients treated at pediatric versus adult cancer centers, using chi-
square tests for categorical variables and t-tests or Kruskal-Wallis tests for continuous variables.

Kaplan-Meier survival analysis was performed to determine EFS. The log-rank test was used to compare
survival between groups. Univariate and multivariable Cox proportional hazard (PH) survival analyses
were performed to identify factors associated with EFS. Cox PH survival analysis results were presented
as hazard ratios (HR) with 95% confidence intervals (CI). Variables that had a p-value less than 0.1 in
univariate analysis were included in multivariable analysis. Prognostic factors previously reported in the
literature (LOC, primary site, and sex in OGS and LOC and primary site in EWS) were included a priori
in multivariable analysis.

All analyses were performed using SAS (Enterprise Guide) statistical software for Unix environment, version
9.4 (SAS Institute Inc, Cary, NC, USA). Statistical significance was defined as p-value less than 0.05. All data
are reported as per the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guideline (Appendix 2 ).

3 | RESULTS

The cohort included 221 patients (137 OGS, 47 pediatric-center and 90 adult-center and 84 EWS, 38
pediatric-center and 46 adult-center). The demographic, patient, disease, and treatment characteristics
of the patients, stratified by locus of care, are shown in Table 1 .

3.1 | Osteogenic sarcoma

3.1.1 | Demographic, diagnosis, disease, and treatment variables

As demonstrated in Table 1 , patients treated at a pediatric center were statistically significantly younger
(15.57 +- 0.85 years vs 17.99 +- 1.50 years, p<0.001) and more likely to have metastases than those treated
at an adult center (36.2% vs 16.7%, p=0.01). Clinical trial enrollment was significantly more common
in pediatric centers compared to adult centers (55% versus 1%, p<0.001). The distribution of sex, DIL,
socioeconomic variables, and bone primary site did not differ between pediatric and adult centers.

There was no difference in the type of local therapy or time to local therapy in pediatric versus adult centers.

The median cumulative doses of methotrexate, doxorubicin, and the CED were all significantly and substan-
tially higher in pediatric centers than adult centers.

3.1.2 | Survival outcomes

The median follow-up time was 8.1 years (Interquartile range [IQR] 2.0 - 17.1 years; range 0.0 -26.7 years).
Among patients with localized disease, EFS was the longest in the patients aged 18 or older who received
care in adult centers followed by pediatric-center patients and adult-center patients younger than 18 years,
respectively (5-year EFS +- SE: 66% +- 7% vs 53% +- 9% vs 43% +- 9%; p=0.04) (Fig. 1A and 1B ).
Females had significantly better survival outcome than males (5-year EFS +- SE: 76% +- 7% vs 46% +- 6;
p=0.006).Among those with metastatic disease, higher 5-year EFS rates were observed in the patients who
received higher doses of doxorubicin (36% +- 15% vs 6% +- 6%; p=0.004), methotrexate (44% +- 17% vs
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. 5% +- 5%; p=0.001), and cisplatin (31% +- 13% vs 7% +- 6%; p=0.03). None of tumor primary site, income
quintile, rurality, immigration status, DIL, clinical trial enrollment, or time to local therapy were associated
with EFS in localized or metastatic cohorts.

Table 2 shows the results of univariate and multivariable Cox proportional hazards survival analyses in
both localized and metastatic OGS cohorts. Multivariable analysis in the localized cohort revealed only
the statistically significant association of sex with EFS; (i.e., males had inferior EFS compared to females).
In the metastatic cohort, only the association of higher cumulative doses of methotrexate, doxorubicin and
cisplatin with better EFS were significant in multivariable analyses.

3.2 | Ewing sarcoma

3.2.1 | Demographic, diagnosis, disease, and treatment variables

As shown in Table 1 , patients treated at a pediatric center were more likely to be younger and have limb
involvement than those treated at an adult center. Clinical trial enrollment was significantly more frequent
in pediatric centers versus adult centers (53% versus 2%, p<0.001). Sex, DIL, and socioeconomic status did
not differ by LOC.

Pediatric centers provided their EWS patients with local therapy (either surgery only or radiation only or
both surgery and radiation) earlier than adult centers, regardless of the type of local therapy (Table 3 ).
Time to local therapy was not significantly different between localized and metastatic patients. There was
no statistically significant difference in radiation doses between pediatric and adult centers.

The most commonly used chemotherapeutic agents were cyclophosphamide, doxorubicin, ifosfamide and
etoposide. The median cumulative doses of cyclophosphamide, ifosfamide, etoposide, and the CED were
significantly higher in pediatric center patients compared with adult center patients.

3.2.2 | Survival outcomes

The median follow-up time was 6.6 years (IQR 1.7 to 14.1 years; range 0.5-25.2 years). None of the variables
(including locus of care/age and primary site) was associated with EFS in localized cohort (Fig. 2A and
2B ). In metastatic cohort, only receiving higher dose of etoposide was significantly associated with higher
EFS rate (5-year EFS +- SE: 25% +- 11% vs 0; 0.0001).

Table 4 demonstrates the results of Cox proportional hazards survival analyses in both localized and
metastatic EWS cohorts. In univariate analysis of the localized disease cohort, none of the variables in-
cluding locus of care/age and primary tumor location showed statistically significant association with sur-
vival. In multivariable analysis, none of the variables was significantly associated with EFS (Table 4 ). In
the metastatic cohort multivariable analysis, only the association of cumulative doses of etoposide showed
statistically significant association with EFS (Table 4 ).

4 | DISCUSSION

In this retrospective population-based cohort study of AYA with OGS or EWS, we found that despite
significant differences in clinical and treatment exposures between patients treated at pediatric versus adult
centers (Table 1 ), the location of treatment did not impact survival for either disease.

Previous studies have shown that AYA with ALL or Hodgkin lymphoma have superior survival when treated
at pediatric centers.7,10 This has been attributed to disparities in treatment regimens and chemotherapy
dose intensity, clinical trial enrollment, and treatment team experience11,12,14However, there are few studies
that have compared the impact of clinical and treatment differences between pediatric and adult centers on
the outcomes in AYA with bone tumors.12,13,16

Howell et al. investigated the impact of LOC on survival outcomes in a retrospective study of 1,751 cancer
patients (including 76 patients with OGS or EWS) aged 0 to 19 years, treated at one of five US pediatric
cancer centers (Children’s Oncology Group [COG] members) or in a non-COG (“adult”) institution.13 Only
36% of patients, aged 15 to 19 years were treated at a COG (pediatric) institution. In AYA patients with
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. “pediatric type” cancers (i.e., cancers that are more common in pediatric age groups: OGS, EWS, Hodgkin
lymphoma, ALL, neuroblastoma, rhabdomyosarcoma), those treated at pediatric centers had superior sur-
vival outcomes than those who received care at non-pediatric institutions. However, these differences were
not statistically significant, possibly due to the small number of the patients.13 In a subsequent report, Bleyer
et al. re-analyzed the same data to assess the likelihood of treatment of the type of cancer (“pediatric vs
adult-type”) by oncologists with pediatric versus adult cancer experience.12 The results revealed that AYA
with “pediatric-type” cancers had better survival at COG (pediatric) centers and those with adult-type
tumors (e.g. non-Hodgkin lymphoma) showed a better survival at non-COG (adult) institutions.12 The au-
thors concluded that the AYA patients with pediatric types of cancer (including OGS and EWS) fare better
if their care is delivered by pediatric oncologists.12

In an institution-based retrospective study of 53 patients (29 pediatric and 24 adult) with localized EWS,
Gupta et al. studied survival outcomes among those treated at an adult or a pediatric tertiary cancer care
center in Ontario between 1990 and 2005.16 The median age for the pediatric and adult patients was 13.4
years (range, 0.29-16.2 years) and 26.1 years (range, 16.7-66.5 years), respectively. The total cumulative
doses of ifosfamide and cyclophosphamide were lower (p<0.0001) and the time-to-local therapy was longer
(7.4 months vs 3.7 months; p= 0.0003) in the adult center compared to the pediatric center. The 3-year EFS
rates in pediatric and adult patients were 70% and 43% (p=0.1) and the 3-year OS rates were 81% and 59%
(p=0.02), respectively. The authors concluded that the inferior survival outcome of EWS patients treated
at an adult center may be related to lower cumulative doses of alkylating agents and a delay in local therapy
in adult-center patients.16 In our localized EWS cohort, none of LOC, primary cancer site or time to local
therapy was associated with survival.

In our study, the reason for superior EFS in patients with metastatic disease who received higher cumulative
doses of methotrexate, doxorubicin, and cisplatin in OGS or cisplatin in EWS is unclear. One possibility
is that the higher dose of chemotherapy effectively impacts the survival of patients with metastasis. The
second, more likely possibility is that patients with more aggressive disease may have received lower doses of
chemotherapeutic agents with a goal of controlling symptoms and avoiding toxicities, or that more aggressive
tumors progressed leading to discontinuation of primary therapy, thus confounding the relationship between
chemotherapy dose and survival. Unfortunately, the relevant data needed to classify metastatic patients ac-
cording to their disease severity and aggressiveness were not available to test this hypothesis. The prognostic
impact of cumulative doses of chemotherapeutic agents are not separately described in papers that have in-
vestigated OGS and EWS prognostic factors. In some studies, the response to neoadjuvant chemotherapy,
measured by necrosis extent in surgical specimens, has been considered as a prognostic factor.27,28,29 We did
not have access to pathology data from excised tumors, so could not evaluate this relationship.

Some studies have shown superior outcomes for patients who treated at pediatric centers with high rate
of participation in clinical trials.30-33 But some authors argue that patients enrolled in clinical trials might
not represent the general population and thus the results might be biased.11 In our study, about half of
pediatric-center patients with OGS and EWS and only a few adult-center patients were enrolled in clinical
trials. Neither EFS nor OS rates significantly differed in patients who were enrolled versus those who were
not enrolled in clinical trials.

In our study and several other reports19-21, there was no association between DIL and survival in either
OGS or EWS. Goedhart et al. reported that prolonged DIL does not necessarily result in inferior survival
in OGS and EWS and concluded that the impact of tumor location and its resectability on survival is more
than the effect of delay in diagnosis.20

The strength of this study, as one of the few studies in literature that compares outcomes of AYA OGS and
EWS in pediatric versus adult centers, was the use of health administrative data along with population-based
databases. This combination of datasets provided us with an opportunity to capture the relevant health data
of the entire provincial population and to assess a wide range of demographic, disease- and treatment-related
variables and their impact on outcome as well as with access to possible interactions with the health care
system. Using this type of data, improved the generalizability of the results and ensured that our findings
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. were not susceptible to recall bias and poor documentation seen in studies based on chart abstraction or
questionnaires.

One of the issues in evaluating the prognostic effect of age in OGS, EWS, and other cancers is disparities
in age ranges and in definitions of pediatric, adolescent and young adult age groups in various studies. The
limited age range of AYA (15 to 21 years) in our study reduced its sample size and hence its power and
generalizability and made it difficult to compare our results with those of other studies that included a wider
age ranges of AYA patients. Another limitation was missing data in some recognized prognostic factors such
as tumor size, response to neoadjuvant chemotherapy (tumor necrosis) and surgical margin status; so that
we had to exclude these variables from the study.

In conclusion, survival outcomes in AYA with OGS and EWS in our study did not differ by LOC. This
stands in contrast to AYA cancers such as ALL and Hodgkin lymphoma, where studies have shown superior
survival associated with treatment at pediatric centers. In this study, even though AYA with bone tumors
treated at pediatric centers received higher cumulative doses of chemotherapy than in adult centers, the
differences did not impact outcomes. Lack of outcome differences by LOC in our study might be explained
by the similarities of treatment team expertise and therapeutic regimens for bone tumors and also biologic
characteristics of the patients (given the narrow AYA age range) between pediatric and adult cancer centers.
Furthermore, although data was not collected, all bone tumors in Ontario are operated on by specialized
orthopedic oncologists; the quality of surgical resection is known to be an important prognostic factor in
those with localized bone tumors.34,35

Future studies can work on extending the AYA age range to above 21 years by either chart abstraction
or linkage to other administrative databases in order to provide a larger sample size and to address the
uncertainties about the prognostic impact of LOC, age, cumulative doses of chemotherapeutic agents, and
other covariates.

ABBREVIATIONS : AYA, adolescents and young adults; CI, confidence interval; CIC, the Citizenship
and Immigration Canada database; COG, Children’s Oncology Group; Cox PH survival analysis, Cox pro-
portional hazard survival analysis; EFS, event-free survival; EWS, Ewing sarcoma; HR, hazard ratio; ICES,
Institute for Clinical Evaluative Sciences; IMPACT, the Initiative to Maximize Progress in Adolescent and
Young Adult Cancer Therapy; IQR, interquartile range; OCR, Ontario Cancer Registry; OGS, osteogenic
sarcoma; POGONIS, Pediatric Oncology Group of Ontario Networked Information System; SCC, specialized
cancer center; SMN; subsequent malignant neoplasm
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