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A population-based analysis of the presentation 
and outcomes of pediatric patients with 
osteosarcoma in Canada: a report from CYP-C

Background: Frequently occurring in adolescents, osteosarcoma is the most 
 common primary malignant bone disease, with a reported 15% of patients who 
present with metastasis. With advances in imaging and improvements in surgical 
care, an updated analysis is warranted on the outcomes of pediatric patients with 
 osteosarcoma.

Methods: We completed a retrospective review of pediatric patients who presented 
with osteosarcoma between 2001 and 2017, using The Cancer in Young People in 
Canada (CYP-C) national database. Data on 304 patients aged younger than 15 years  
were analyzed. 

Results: The proportion of patients who presented with metastasis was 23.0%. The 
overall 5-year survival (OS) for patients who presented with metastasis was 37.4%. 
Overall survival and event-free survival (EFS) were lower in these patients than in 
patients with localized disease (hazard ratio [HR] 4.3, p < 0.0001 and HR 3.1, p < 
0.0001). For patients who presented with metastatic disease, the OS for those under-
going an operative intervention was 44.1% compared with 17.6% for those who did 
not undergo resection (p < 0.0001).

Conclusion: The proportion of patients who presented with metastatic osteosarcoma 
in our population is higher than previously reported. Overall outcomes of patients 
with metastatic disease have not changed. Our data reaffirm a role for surgical resec-
tion in patients with metastasis with a need to explore new treatment strategies to 
improve the overall prognosis of these patients.

Contexte  : L’ostéosarcome, un cancer qui touche souvent les adolescents, est 
l’atteinte osseuse primitive maligne la plus fréquente; on rapporte que 15 % des 
patients présenteront des métastases. Considérant les avancées réalisées en imagerie et 
les améliorations apportées aux soins chirurgicaux, il est temps de mettre à jour 
l’analyse des résultats des patients pédiatriques atteints d’ostéosarcome.

Méthodes : À partir de la base de données nationale du programme Cancer chez les 
jeunes au Canada (CCJC), nous avons réalisé une étude rétrospective des patients 
pédiatriques ayant reçu un diagnostic d’ostéosarcome entre 2001 et 2017. Nous avons 
analysé des données provenant de 304 patients âgés de moins de 15 ans.  

Résultats : La proportion de patients ayant présenté des métastases était de 23,0 %, 
et leur taux de survie globale à 5 ans était de 37,4 %. Les taux de survie globale et de 
survie sans événement de ces patients étaient inférieurs aux taux observés chez les 
patients atteints d’une maladie localisée (rapport de risques [RR] 4,3, p < 0,0001 et RR  
3,1, p < 0,0001). Chez les patients qui présentaient des métastases, le taux de survie 
globale des patients ayant subi une résection était de 44,1 %, comparativement à 
17,6 % pour les patients n’ayant pas subi de résection (p < 0,0001).

Conclusion  : Dans la population sélectionnée, la proportion de patients ayant 
présenté un ostéosarcome métastatique était plus élevée que ce qui avait été 
précédemment rapporté. Les issues globales des patients présentant une atteinte 
métastatique n’ont pas changé. Les données viennent toutefois confirmer l’utilité de la 
résection chirurgicale chez ceux-ci, ainsi qu’un besoin d’explorer de nouvelles straté-
gies de traitement pour améliorer le pronostic global.
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O steosarcoma is the most common primary malig-
nant bone disease, typically affecting patients aged 
20 years or younger. The incidence of osteosar-

coma is estimated at 4–5 cases per million people. It has a 
bimodal age of presentation, with the highest peak in ado-
lescents aged 10–19 years, and a second peak in the  seventh 
decade of life.1,2 Osteosarcomas are typically responsive to 
chemotherapy, resistant to radiotherapy and most com-
monly metastasize to the lungs. Improvements in survival 
for patients with osteosarcoma were apparent after the 
introduction of cisplatin-based systemic chemother apies to 
treatment regimens in the 1980s.3 Further advances in 
imaging, chemotherapy protocols, surgical expertise and 
engineering have resulted in improvements in both local 
and systemic tumour control. For patients aged younger 
than 15 years, improvements in treatment over time have 
been achieved with an increase in 5-year overall survival 
(OS) from 40% (1975–1978) to 68% (1987–1990), with 
notably minimal improvements in 5-year OS in the last 
3 decades.4 This plateau in patient survival is apparent in 
studies using longitudinal, multi-centre databases.1,4 How-
ever, there is a subset of patients for whom survival has con-
tinued to improve. A 2010 analysis of the Surveillance, Epi-
demiology, and End Results (SEER) program database of 
the National Cancer Institute identified improvements in 
survival for all patients with high-grade disease over the 
preceding 2 decades.1 The authors of the SEER study argue 
that this improved survival is owing to the use of more spe-
cific intensified chemo therapy regimens for patients with an 
aggressive disease. Although survival has improved over 
previous decades, patients with metastatic and recurrent 
disease continue to have poor outcomes.1,4

The current treatment regimen for patients with osteo-
sarcoma involves neoadjuvant multi-agent chemotherapy, 
with the goal of addressing micro-metastases, inducing pri-
mary tumour necrosis and facilitating complex surgical 
planning. Neoadjuvant chemotherapy is followed with 
wide surgical resection with either a limb salvage recon-
struction, or other ablative surgery such as amputation or 
rotationplasty.5–9 Localized control is then followed by an 
adjuvant multi-agent chemotherapy. Event-free survival 
(EFS) and OS are more likely in patients who achieve a 
higher degree (> 90%) of histologic necrosis in response to 
neoadjuvant chemotherapy.10,11

The presence of metastatic disease is an independent 
indicator of poor prognosis, and is typically managed 
aggressively with multi-agent chemotherapy, surgical resec-
tion of metastatic sites and the use of palliative radiother-
apy.12–14 The overall prevalence of metastatic disease at the 
time of osteosarcoma diagnosis is commonly reported to be 
about 15%.15,16 The studies that have provided this estimate 
are from small to moderate-size populations from the pre-
vious 30–40 years.16 With the evolution of imaging technol-
ogy, it is possible to detect smaller metastatic lesions earlier 
in their course. The ability to accurately detect metastatic 

disease early may change our understanding of the preva-
lence of metastases at diagnosis and provide opportunities 
to further improve care. Studies have confirmed that the 
removal of surgically resectable disease in patients with dis-
tant metastases is beneficial for overall survival.17,18 How-
ever, these repeated procedures come with a risk of severe 
complications and strain on patients and their families.19,20 
Understanding the rates of success of repeated surgical 
resections in metastatic osteosarcoma would be informative 
for comprehensive patient care.

This retrospective analysis provides a national review 
describing the proportion of pediatric patients (aged 
younger than 15 years) with osteosarcoma who present 
with metastatic disease at the time of initial diagnosis. We 
further aimed to describe patient outcomes and character-
ize surgical management, including a comparison of the 
number of operations undertaken to overall outcomes.

Methods

The Cancer in Young People in Canada (CYP-C) pro-
gram, launched in 2009 (data collection began in 2001), is 
a collaborative database among all 17 pediatric cancer cen-
tres across Canada.21 We obtained data on patients aged 
younger than 15 years who were diagnosed with osteosar-
coma in Canada between 2001 and 2017. We extracted 
data on demographic information, location of the primary 
tumour, tumour histologic subtypes, presence and loca-
tion of metastasis, number of surgical interventions, use of 
adjuvant treatment and survival data. Survival data 
included EFS (defined as time from presentation to dis-
ease recurrence or death) and OS. Comparisons between 
patients who present with localized versus metastatic dis-
ease were made. Two-sample t tests were used for nor-
mally distributed variables to compare the differences 
between groups. A Mann–Whitney U test was used on 
non-normally distributed continuous variables. Fisher 
exact and χ2 tests were used for comparing categorical 
outcomes. Event-free survival and OS were analyzed 
using the log-rank test. Column numbers of less than 5 
were rounded up to 5, in accordance with the CYP-C 
guidelines to ensure anonymity. Data supporting the find-
ings of this study are available from the CYP-C.21

Ethics approval

Ethics approval was obtained from the Health Research Ethics 
Board of Alberta, Cancer Committee (HREBA.CC-17-0456). 

Results

Patient demographics

We identified 304 pediatric patients with osteosarcoma 
between 2001 and 2017. Of these patients, 234 presented 
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with localized disease and 70 presented with metastatic 
disease. The proportion of patients who presented with 
metastatic disease was 23.0% and this proportion changed 
over time. Between 2001 and 2008, 18% of patients pre-
sented with metastatic disease compared with 28% of 
patients between 2009 and 2017. Table 1 shows the age, 
gender distribution, ethnicity, location of primary disease 
and morphological subtypes of disease among the groups. 
When comparing demographics between patients who 
presented with localized versus metastatic disease, there 
were no significant differences identified (Table 1). The 

mean age of patients at presentation was 11.0 years. 
Among the patients who presented with metastatic dis-
ease, 70% had isolated lung metastases (26% unilateral 
and 44% bilateral, Table 2).

Patient survival

Overall survival and EFS were compared between patients 
who presented with localized and those who presented 
with metastatic disease. As expected, OS was significantly 
decreased in patients who presented with metastatic dis-
ease compared with patients with localized disease 
(Figure 1A, hazard ratio [HR] 4.3, p < 0.0001). The 5-year 
OS for patients who presented with metastatic disease was 
37.4% compared with 76.3% for patients with localized 
disease. The median survival of patients who presented 
with metastatic disease was 2.17 years. Similarly, 5-year 
EFS was significantly decreased in patients who presented 
with metastatic disease compared with localized disease 
(Figure 1B, 66% v. 31.2%, HR 3.1, p < 0.0001).

Number of operative interventions and outcomes

We extracted data on the number of operative oncologic 
interventions and reconstructive procedures each patient 
received (Table 3). When comparing outcomes, recon-
structive procedures completed in isolation were not 
included as oncologic operative interventions. Most 
patients (67%) underwent 1–2 oncologic operations dur-
ing their treatment course. The proportion of patients 
undergoing 0, 1–2, or 3 or more oncologic operations was 
compared between patients who presented with metastatic 
disease and those who presented with localized disease. 
There was a significant difference between the groups; 
patients who presented with metastatic disease were more 
likely to have either no or 3 or more operative oncologic 
interventions than patients with localized disease (26% 
and 23% v. 11% and 11%, respectively, p = 0.0001).

Overall survival was compared among patients under-
going 0, 1–2, and 3 or more operative interventions 
regardless of localized or metastatic disease at presentation 
(Figure 2A). The 5-year OS for patients having no sur-
gery, or needing at least 3 surgeries, were 49.7% and 
49.8%, respectively. In comparison, patients undergoing 
1–2 operative interventions had a significantly higher 
5-year OS of 76.2% (p < 0.0001).

Five-year OS was compared between patients who pre-
sented with localized disease and underwent 1–2 resections 
and those who underwent 3 or more surgical resections 
(Figure 2B). The 5-year OS for patients with localized dis-
ease who had 1–2 operations was 82.6% compared with 
39.3% for those requiring 3 or more operations (p < 
0.0001). A similar comparison was made in patients who 
presented with metastatic disease (Figure 2C). The 5-year 
OS was not significantly different (47.4% for patients 

Table 1: Demographic and clinical characteristics of the  
study cohort

Characteristic

All 
patients, 

no.*

Local 
disease, 

no.*

Metastatic 
disease, 

no.*
p 

value

No. (%) of patients 304 234 (77) 70 (23) —

Age, yr, mean ± SD 11.0 10.87 ± 3.0 11.39 ± 2.5 0.19

Gender  0.10

    Male 143 104 39 —

    Female 161 130 31 —

Ethnicity  0.50

    Arab 10 8 < 5 —

    Asian 36 27 9 —

    Black 10 8 < 5 —

    Indigenous 11 11 < 5 —

    Not available 42 29 13 —

    Other 9 6 < 5 —

    White 186 145 41 —

Location of primary  0.72

    Bones of upper 
    extremity

42 32 10 —

    Bones of lower 
    extremity 

237 183 54 —

    Other 25 19 6 —

Morphology  0.59

    Osteosarcoma NOS 241 184 57 —

    Central 26 18 8 —

    Telangiectatic 14 12 < 5 —

    High grade surface 7 6 < 5 —

    Chondroblastic 13 12 < 5 —

    Other < 5 < 5 < 5 —

NOS = not otherwise specified; SD = standard deviation

*Unless indicated otherwise.

Table 2: Location of metastatic disease on 
presentation

Location
Metastatic disease, no. (%) 

n = 70

Lung

    Unilateral 18 (26)

    Bilateral 31 (44)

Bone < 5* 

Multiple locations 15 (21)

Other < 5*
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 having 1–2 resections v. 36.6% for those having 3 or more, 
p = 0.17). Figure 2D compares patients who presented with 
metastatic disease and those who presented with localized 
disease and underwent 3 or more surgical resections. The 
5-year OS was not significantly different between groups 
(39.3% for localized disease at presentation v. 36.5% for 
metastatic disease at presentation, p = 0.77).

Survival was compared between patients who presented 
with metastatic disease who underwent a surgical resection 
and those who did not undergo a resection. The 5-year OS 
was significantly higher in patients who had a surgical 
resection than in those who did not (Figure 3, 44.1% v. 
17.6%, p < 0.0001).

Adjuvant treatment

Appendix 1, Table S1, available at www.canjsurg.ca/
lookup/doi/10.1503/cjs.008220/tab-related-content, 
describes the proportion of patients receiving neoadjuvant 
or adjuvant chemotherapy, radiation therapy or both. In 
total, 88% of patients received neoadjuvant/adjuvant 
 therapy (75% chemotherapy alone, 3% radiation alone 
and 10% chemotherapy and radiation). Cisplatin and 

 doxorubicin-based chemotherapy regimens were the most 
common first-line therapy used, with etoposide and ifos-
famide also delivered in many cases throughout individual 
treatment courses. In patients who received radiation 
therapy, survival was poor, with a median survival of 
3.6 months from the beginning of treatment (Appendix 2, 
Figure S1, available at www.canjsurg.ca/lookup/
doi/10.1503/cjs.008220/tab-related-content).

discussion

Given advances in imaging technology, surgical care and 
systemic therapy over time, an updated review of the 
presentation and outcomes of patients with osteosar-
coma is necessary. In this retrospective population-
based study, 23% of patients presented with metastatic 
disease and had a 5-year OS of 37.4%. Patients who 
presented with a localized disease had a 5-year OS of 
76.3%. Patients who presented with metastatic disease 
and were able to undergo a surgical resection showed 
favourable survival compared with those who did not 
have surgery, as expected (5-year OS of 44.1% v. 17.6%, 
respectively). Across this entire patient population, the 
median number of surgical procedures for oncologic 
resection was 1. In this population, 88% received 
 neoadjuvant/adjuvant therapy.

Previous studies have reported on the proportion of 
pediatric patients who presented with metastatic osteosar-
coma compared with localized disease. Meyers and col-
leagues17 assessed 342 patients with osteosarcoma of whom 
18% presented with metastatic disease. Other studies have 
reported a range of proportions, from 11.4% to 18%.16,22,23 
Within the CYP-C study population, the proportion of 
patients who presented with metastatic disease was higher 
than in the literature. The proportion of these patients also 
increased with time (18% between 2001 and 2008 v. 28% 

Fig. 1. Outcome of patients who presented with localized versus metastatic disease. (A) Overall survival. (B) Event-free survival.
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Table 3: Number of surgeries performed per patient

No. of oncologic 
surgeries

Total, 
no.(%)

Localized 
disease, 
no. (%)

Metastatic 
disease, 
no. (%) p value

    0 43 (14) 25 (11) 18 (26) 0.0001

    1–2 219 (72) 183 (78) 36 (51) 0.0001

   > 3 42 (14) 26 (11) 16 (23) 0.0001

    Total 304 234 70 0.0001

No. of reconstructive 
surgeries

34 27 7 —
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between 2009 and 2017). This may be because of improve-
ments in imaging resolution and an expanded ability to 
detect microscopic disease. In concordance with other 
studies, bilateral pulmonary metastases was the most com-
mon pattern of advanced disease in our cohort (Table 2).23

In our study, survival outcomes were similar to those of 
previously published cohorts. Patients with isolated local-
ized disease had a 5-year OS of 76.3% compared with 
37.4% in patients with metastatic disease. The Coopera-
tive Osteosarcoma Study Group (COSS) showed a 5-year 
OS of 33% in patients aged 20 years or younger who pre-
sented with metastatic disease.12 Similarly, Janeway and 
colleagues22 reported on collective 5-year OS outcomes of 
75% for patients with localized disease compared with 
36% for patients with metastatic disease. Given the lack of 

improvement in outcomes over several decades, identifying 
new therapeutic strategies for patients with localized and 
metastatic osteosarcoma must be prioritized.

Multiple surgical resections were undertaken in the 
context of recurrent or residual disease. For patients who 
presented with localized disease who required 1–2 opera-
tive resections, 5-year OS was 82.6%, compared with 
39.3% for those patients requiring 3 or more operations 
(Figure 2B). For patients who presented with metastatic 
disease, the 5-year OS for those requiring 1–2 operations, 
and those requiring 3 or more operations were 47.4% and 
36.6%, respectively (Figure 2C). This compares favour-
ably to patients with metastatic disease who did not have a 
surgical resection (5-year OS of 17.6%). The poor 
 outcomes of patients requiring multiple operative 

Fig. 2. Overall survival stratified by the number of surgical resections and disease on presentation. (A) Overall survival of all patients 
stratified based on the number of resections. (B) Overall survival of patients with localized disease on presentation stratified based 
on the number of resections. (C) Overall survival of patients with metastatic disease on presentation stratified based on the number 
of resections. (D) Overall survival of patients who presented with 3 or more resections comparing local with metastatic disease.
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 interventions reflects an aggressive tumour biology with 
multiple interventions undertaken for initial metastases, 
rapid growth or metastatic spread of previously localized 
disease. However, although patients undergoing 3 or 
more surgeries would be expected to have a more aggres-
sive disease either at presentation or recurrence, survival 
for patients undergoing multiple operations likely under-
estimates the mortality rate associated with the highest 
risk cases. Survivorship bias is reflected in these data as 
those patients who survive to undergo 3 or more surgeries 
would likely not have had aggressive and rapidly progres-
sive disease. This likely explains a near 100% early sur-
vival rate for the first 2 years in this patient population 
that subsequently decreases after 2 years.

Despite these caveats, the opportunity to achieve mean-
ingful survival even after multiple surgeries supports the 
current practice of operative removal of metastatic disease 
when possible (Figure 3).17 Within the population of 
patients requiring 3 or more surgeries, there was no differ-
ence in outcomes between patients who presented with 
localized disease and those who presented with metastatic 
disease (Figure 2D). Understanding how patient outcomes 
are related to the number and frequency of operative inter-
ventions provides a prognostic indicator that can be useful 
when counselling patients.

Within this study, we examined the proportion of 
patients receiving systemic therapy. Nearly all patients 
received neoadjuvant or adjuvant chemotherapy with cis-
platin and doxorubicin as first-line agents followed by eto-
poside and ifosfamide in most cases, particularly in cases of 
disease recurrence.3,24,25 Radiation therapy was delivered 
primarily for palliation of patient symptoms, and the 
median survival for patients undergoing radiation treat-
ment was 3.6 months after delivery of treatment (Appendix 2, 
Figure S1). Osteosarcoma is known to be relatively radia-

tion resistant, and patients receiving radiation for their dis-
ease have a worse prognosis than those who do not require 
radiation.1 These data provide valuable information for 
patient prognosis once radiation therapy is needed for 
symptom control.

Limitations

The strengths of this study include the use of an in-depth, 
multi-centre population-based database. The CYP-C is 
comprehensive and includes data on demographics, diag-
nostics, time to treatment and other details such as relapse 
and complications. The effects of selection and referral 
bias are therefore limited. To our knowledge, this is the 
first population-based study to describe a relationship 
between the number of operative interventions aimed at 
disease resection and survival, providing valuable informa-
tion on patient prognosis. A significant limitation of our 
study is the retrospective nature of our analysis. Also, the 
CYP-C database does not include adolescents (aged 
younger than 15 years). Information regarding tumour 
histology and resection margin status was not available 
and these data may have affected our results.

conclusion

Our study shows the proportion of pediatric patients who 
presented with metastatic compared with localized osteo-
sarcoma in our population was higher than that in the 
reported literature. When comparing the data from the 
CYP-C database with previously published results, the 
overall outcomes of patients with localized or metastatic 
disease have not changed significantly over time. Our data 
reaffirm a role for surgical resection in patients with meta-
static disease in the modern era and provide prognostic 
information stratified by the number of operative resec-
tions required. According to our results, there remains a 
need to identify new adjuvant treatment strategies to 
improve the overall prognosis of pediatric patients with 
osteosarcoma.
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