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Abstract

Background: High-grade osteosarcoma is the most common malignant bone tumor in children and adolescents. This study 
aimed to evaluate the histologic response to neoadjuvant chemotherapy and overall and event-free survival rates in patients 
< 21 years of age with a diagnosis of conventional osteosarcoma. Methods: We conducted an analytical and observational 
study of a cohort of patients < 21 years old with a diagnosis of conventional osteosarcoma treated with the OS INC-2009 
protocol (based on EURAMOS-1). Descriptive analysis was performed, and overall and event-free survival rates were calcu-
lated by the Kaplan-Meier method. Results: Between April 2009 and October 2016, 84 patients with conventional osteosar-
coma (mean age 13.5 ± 3.2 years) were admitted. Metastatic disease at diagnosis was observed in 36 patients (42.8%). Of 
the 41 patients who received neoadjuvant chemotherapy (50.6%), 15 (36.6%; confidence interval [95%CI]: 49.9-75.6) were 
classified as good responders and 26 (63%; 95%CI: 22.5-58.0) as poor responders. The 5-year overall and event-free survi-
val rates in good responders were 88.8% (95%CI: 43.3-98.3) and 81.4% (95%CI: 43.5-95.0); in poor responders it was 66.5% 
(95%CI: 40.7-83.1) and 31.4% (95%CI: 13.8-50.7), respectively. Conclusions: Good responders’ evaluation of histologic 
response to neoadjuvant chemotherapy showed improved overall and event-free survival rates. Specialized centers with 
multidisciplinary and comprehensive management are required to make the application of high-toxicity protocols feasible.
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Respuesta a la quimioterapia neoadyuvante y supervivencia de niños y adolescentes 
con osteosarcoma de alto grado tratados de acuerdo con el protocolo EURAMOS-1

Resumen

Introducción: El osteosarcoma de alto grado es el tumor óseo maligno más común en niños y adolescentes. El objetivo de 
este trabajo fue evaluar la respuesta histológica a la quimioterapia neoadyuvante y la supervivencia global y libre de even-
tos en pacientes menores de 21 años con diagnóstico de osteosarcoma convencional. Métodos: Se llevó a cabo un estudio 
observacional analítico de una cohorte de pacientes menores de 21 años con diagnóstico de osteosarcoma convencional 
tratados con el protocolo OS INC-2009 (basado en EURAMOS-1). Se realizó el análisis descriptivo y se calcularon la su-
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Introduction

High-grade osteosarcoma is the most frequent malig-
nant bone tumor in children and adolescents. It 
accounts for approximately 2.5% of all types of cancer 
in children < 15 years and 4.2% in young people aged 
15-19  years1,2. The annual incidence rate varies 
between 3.5 and 8.8 cases/million in children < 15 and 
15-19  years, respectively, clearly demonstrating that 
this tumor mainly affects the second decade of life. The 
introduction of multi-agent chemotherapy in the early 
1970s and complete surgical resection became the 
standard treatment, improving 5-year event-free sur-
vival (EFS) from 20% to 60% in localized osteosarco-
mas. However, there has been no progress in improving 
survival in the last 30  years3-5. The European and 
American Osteosarcoma Studies (EURAMOS) collab-
oration, founded in 2001, is an initiative of four interna-
tional groups [Children’s Oncology Group (COG), 
Cooperative German-Austrian-Swiss Osteosarcoma 
Study Group (COSS), European Osteosarcoma 
Intergroup (EOI), and Scandinavian Sarcoma Group 
(SSG)] established to conduct randomized clinical trials 
and improve osteosarcoma outcomes6.

Initial studies from Huvos et al.7 explored the histo-
logic response to neoadjuvant chemotherapy in the 
1970s and showed an association between the degree 
of tumor necrosis in the surgical specimen (en bloc 
tumor resection) and improved survival1,8,9. In three 
subsequent studies, EOI compared the two-drug regi-
men, cisplatin plus adriamycin, with the same treatment 
strategy and the addition of methotrexate; overall sur-
vival at 5 and 9 years was 56% (95% confidence inter-
val (CI) 53%-59%) and 52% (95%CI 49%-55%), 
respectively, but no statistically significant differences 
were found between the two treatment groups. However, 
a good response to neoadjuvant chemotherapy was 
found to be associated with improved survival1,10-13.

The first EURAMOS-1 study, initiated in 2005 and 
closed in 2011, investigated treatment options based on 
histologic response to preoperative chemotherapy. The 
study defined as standard neoadjuvant chemotherapy 
the combination of methotrexate, adriamycin, and cis-
platin (MAP) for all patients and good responders; in 
poor responders, ifosfamide plus etoposide (MAPIE) 
was added in postoperative treatment. At 3 and 5 years, 
survival was 79% (95%CI 77%-81%) and 71% (95%CI 
68%-73%), respectively. Poor response to preoperative 
chemotherapy was shown to be strongly associated 
with worse event-free survival (hazard ratio (HR) = 2.13; 
95%CI 1.76%-2.58%) and overall survival12-14.

In this study, we report the demographic and clin-
ical characteristics, the evaluation of the histological 
response to neoadjuvant chemotherapy, the overall 
and event-free survival rates of patients < 21 years 
of age with a diagnosis of high-grade osteosarcoma 
who received treatment with the OS-INC 2009 pro-
tocol (based on EURAMOS-1) and were treated at 
the National Cancer Institute (INC, for its Spanish 
acronym).

Methods

Study design and population

We conducted a retrospective observational cohort 
study that included all patients under 21 years of age 
with a histologically confirmed diagnosis of conven-
tional high-grade osteosarcoma, who had not received 
previous treatment and who were treated with the OS 
INC-2009 protocol (based on EURAMOS-1)5 at the INC 
(Bogotá, Colombia) between April 1, 2009, and October 
31, 2016. All patients required a biopsy to confirm the 
histologic diagnosis, which was analyzed by the onco-
logic pathology group of the institution. Patients in 
whom more than 80% of the information on the studied 

pervivencia global y la supervivencia libre de eventos por el método de Kaplan-Meier. Resultados: Entre abril de 2009 y 
octubre de 2016 se analizaron 84 pacientes con osteosarcoma convencional, cuya edad promedio fue de 13.5 años (des-
viación estándar: ± 3.2). La enfermedad metastásica al diagnóstico se observó en 36 pacientes (42.8%). De los 41 (50.6%) 
pacientes que recibieron terapia neoadyuvante, 15 (36.6%; intervalo de confianza del 95% [IC95%]: 49.9-75.6) se clasifica-
ron como buenos respondedores y 26  (63%; IC95%: 22.5-58.0) como malos respondedores. Las supervivencias global y 
libre de eventos a 5 años en los buenos respondedores fueron del 88.8% (IC95%: 43.3-98.3) y el 81.4% (IC95% 43.5-95.0), 
y en los malos respondedores fueron del 66.5% (IC95%: 40.7-83.1) y el 31.4% (IC95%: 13.8-50.7), respectivamente. 
Conclusiones: La evaluación de la respuesta histológica a la quimioterapia neoadyuvante de los pacientes buenos respon-
dedores muestra unas mejores supervivencias global y libre de eventos. Se requieren centros especializados con manejos 
multidisciplinarios e integrales para hacer factible la aplicación de protocolos con alta toxicidad.

Palabras clave: Osteosarcoma. Quimioterapia. Neoadyuvante. Supervivencia.
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variables could not be obtained were excluded. The 
research project was evaluated and approved by the 
INC Research Ethics Committee.

Initial evaluation and follow-up protocol

Patients underwent an initial diagnostic evaluation 
on admission, including clinical history and physical 
examination, blood chemistry to determine alkaline 
phosphatase levels, and renal and liver function tests. 
In addition, adequate bone marrow function (leuko-
cytes ≥ 3000/mm3, absolute neutrophils > 500/mm3, 
platelets ≥ 100,000/mm3), renal function with glomer-
ular filtration ≥ 70 ml/min, cardiac function with short-
ening fraction ≥ 28% or left ventricular ejection fraction 
(LVEF) ≥ 70% were required. Before taking the biopsy, 
simple X-ray and simple and contrasted magnetic res-
onance imaging (MRI) of the involved bone, simple 
computed axial tomography (CT) of the thorax, and 
bone scintigraphy were performed. An open or percu-
taneous biopsy of the compromised bone was per-
formed. In patients in whom a biopsy had already been 
performed on admission, the respective paraffin blocks 
and histological slides were requested for review by 
the INC pathology group to confirm the diagnosis. 
Before each cycle of chemotherapy with cisplatin, glo-
merular filtration scintigraphy was performed and, 
before doxorubicin administration, LVEF was mea-
sured. Evaluation prior to local surgical control was 
performed with MRI of the primary tumor, simple CT 
of the thorax, and bone scintigraphy.

Patient follow-up consisted of a physical examination 
with alkaline phosphatase measurement and chest 
X-ray every 3  months and chest CT every 6  months 
during the first year. Subsequently, patients were mon-
itored with simple chest CT every 6 months until com-
pleting 5 years from diagnosis. Histologic evaluation of 
the response to chemotherapy was performed on the 
surgical specimen of the primary tumor after tumor 
resection. The response grading system was used, 
classifying patients with tumor necrosis ≥ 90% as good 
responders and < 90% tumor necrosis as poor respond-
ers, using the method of regional mapping of viable and 
non-viable tumors previously described by Picci et al8.

Treatment with OS-INC 2009 protocol

All patients received the same chemotherapy regi-
men (MAP) preoperatively for 10 weeks. The MAP reg-
imen consisted of cisplatin 60 mg/m2sc on days 1 and 
2 and doxorubicin 37.5  mg/m2sc on days 1 and 2, 

during weeks 1 and 6 of treatment and high-dose meth-
otrexate 12 g/m2sc as a 4-hour infusion on weeks 4, 5, 
9 and 10. Salvage was performed with folinic acid 
15 mg/m2sc initiated 24 hours after starting methotrex-
ate and continued until the serum drug level was 
< 0.1μmol/L. Local control surgery was planned for 
week 11. Subsequently, good responders to chemo-
therapy received four cycles of MAP similar to the 
cycles of neoadjuvant chemotherapy. Poor responders 
received seven cycles of chemotherapy with MAPIE 
(high-dose methotrexate, doxorubicin, cisplatin, ifosfa-
mide, etoposide). In addition, cisplatin, doxorubicin, and 
methotrexate were administered at the same doses 
applied preoperatively and ifosfamide 2.8  g/m2sc for 
5 days at weeks 17, 25, and 33. In addition, mesna was 
administered in isodose 2.8 g/m2sc/day in continuous 
infusion x 5  days with etoposide 100  mg/m2sc/day at 
weeks 17, 25, and 33. The treatment regimen and che-
motherapy doses are shown in Figure 1.

Outcome

Two primary outcomes were considered: EFS, which 
was defined as the time from the date of the first con-
sultation to the date of the first event (first relapse or 
death, whichever occurred first), and overall survival 
(OS), which was defined as the time from the first con-
sultation to the date of death from any cause.

Statistical analysis

Descriptive statistics of the sociodemographic and 
clinical characteristics of the study population were 
performed with measures of central tendency and 
dispersion depending on the nature of each variable. 
For bivariate analysis, patients with good and poor 
responses to treatment were used as subgroups. 
The corresponding statistical tests were performed. 
The level of statistical significance used was 0.05. 
Confidence intervals were estimated at 95%.

For the survival analysis, in which survival time and 
event-free time were used as an outcome, survival 
curves were compared using the nonparametric 
Kaplan-Meier method and the survival function for the 
total cohort and for patients who did not present the 
event. Survival time was calculated from the time of 
diagnosis to death. Patients who did not present any 
event at the time of data collection were censused at 
the date of the last control. Survival functions were 
compared using the log-rank sum test. All 
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calculations were performed with R statistical soft-
ware version 3.0.1.

Results

Between January 2009 and December 2016, 90 patients 
were admitted with conventional high-grade osteosar-
coma, of which six patients (6.66%) were excluded due 
to lack of data in 80% of the variables considered in the 
study. To analyze histologic response to neoadjuvant che-
motherapy, we included a cohort of 84 patients with con-
ventional high-grade osteosarcoma of any location, with 
or without metastases at diagnosis, of whom 41 (50.6%) 
received neoadjuvant chemotherapy. No significant differ-
ences were found between good and poor responders to 
neoadjuvant chemotherapy, except in the number of 
patients with metastases at diagnosis, where a higher 
proportion was observed in the group with poor response 
to treatment. Table  1 shows the baseline demographic 
and clinical characteristics of the cohort of good and poor 
responders to neoadjuvant chemotherapy.

The mean age was 13.5  years (standard deviation 
(SD): ± 3.3). Male sex accounted for 59.5% (50/81). All 
patients presented pain as the initial symptom, and 89% 
presented a mass at the primary tumor site. The most 

frequent location of the primary tumor was the lower 
extremity, mainly affecting the distal third of the femur 
and the proximal third of the tibia and fibula. Of the 
histological subtypes, the most frequent was osteoblas-
tic osteosarcoma (63%), followed by chondroblastic and 
mixed types. Metastatic disease at diagnosis in the 
entire cohort was observed in 36/81  patients (42.8%). 
In the 36  patients with metastases, the most frequent 
location was the lung: in 30 patients as a single location 
and five with combined lung and bone metastases 
(97%), only one patient had isolated bone metastases.

Of the 41 patients who received neoadjuvant chemother-
apy, 15 (36.6%, 95%CI 49.9-75.6) were classified as good 
responders and 26  (63%, 95%CI 22.6-53.0) as poor 
responders (Table 2). As can be seen in Table 1, the disease 
was localized at diagnosis in the majority of good respond-
ers [13/15 (86%)], whereas in the poor responder group, the 
proportion of patients with localized disease and metastases 
was similar (42.3% vs. 57.7%). However, 84% of patients with 
metastases at diagnosis were poor responders.

Outcome

Table 2 presents the outcomes of the 41 patients who 
received treatment with neoadjuvant chemotherapy. Of 

Figure 1. OS-INC 2009 treatment scheme at the Instituto Nacional de Cancerología.
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these patients, 15 (36.6%) were good responders, and 
26 (63.4%) showed a poor histologic response. Table 3 
shows survival according to histologic response to 
treatment with preoperative chemotherapy and stage of 
disease at diagnosis. The OS and 5-year EFS in good 
responders was 88.8% (95%CI 43.3-98.3) and 81.4% 
(95%CI 43.5-95.0), respectively; in poor responders, 
66.5% (95%CI 40.7-83.1) and 31.4% (95%CI 13.8-50.7), 
respectively. Patients with localized disease at 

diagnosis had an OS and 5-year EFS of 78.4% (95%CI 
54.7-90.6) and 60.0% (95%CI 36.5-77.2), while those 
with metastases, 65.1% (95%CI 23.3-88.1) and 17.5% 
(95%CI 1.3-49.7), respectively. Figures  2 and 3 show 
the OS curve of the 41 patients who received neoadju-
vant chemotherapy and the differential curves between 
good and poor responders to neoadjuvant chemother-
apy. In Figure 3 does, no statistically significant differ-
ence in survival curves is observed.

Table 1. Clinical characteristics of the complete cohort and of the patients who received neoadjuvant therapy

Characteristics Complete cohort
(n = 84)

Neoadjuvant 
chemotherapy

(n = 41)

Good response
(n = 15)

Poor response
(n = 26)

p‑values

Age (years), mean (SD) 13.5 (3.3) 13.4 (2.9) 14 (2.9) 13.07 (2.9) 0.281

Sex, n (%)
Male
Female

50 (59.5)
34 (40.4)

22 (53.6)
19 (46.3)

9 (40.9)
6 (31.5)

13 (59.1)
13 (68.4)

0.536

Residence, n (%)
Urban
Rural

48 (60.7)
31 (39.2)

26 (72.2)
10 (27.7)

9 (34.6)
3 (30.0)

17 (65.3)
7 (70.0)

0.560

Clinical manifestations, n (%)
Pain
Tumor
Erythema
Functional disability
Pathological fracture 

81 (100)
75 (89.2)
11 (13.1)
46 (54.7)

8 (9.5)

41 (100)
37 (90.2)
5 (12.2)

21 (51.2)
3 (7.3)

15 (100)
11 (73.3)
3 (20.0)

10 (66.6)
2 (7.6)

26 (100)
26 (100)
2 (7.69)

11 (42.3)
1 (6.6)

0.013*
0.249
0.119
0.701

Location, n (%)
Femur
Tibia
Humerus
Fibula
Pelvis
Other

53 (63.1)
18 (21.4)

4 (4.7)
6 (7.1)
2 (2.3)
1 (1.1)

29 (70.7)
10 (24.3)
1 (2.44)
1 (2.44)

0
0

10 (34.4)
4 (40.0)
1 (100)

0
0
0

19 (65.5)
6 (60.0)

0
1 (100)

0
0

0.708

Histologic type, n (%)
Osteoblastic
Chondroblastic
Fibroblastic
Mixed
Telangiectatic
Small cell
Parosteal
No information

53 (63.1)
7 (8.3)

2 (2.38)
7 (8.3)
4 (4.7)
1 (1.1)
3 (3.5)
7 (8.3)

28 (68.2)
1 (2.44)
1 (2.44)
3 (7.3)
2 (4.8)

0
1 (2.44)
5 (12.2)

8 (28.5)
1 (100)

0
1 (33.3)
1 (50)

0
1 (100)
3 (60.0)

20 (71.4)
0

1 (100)
2 (66.6)
1 (50)

0
0

2 (40)

0.304

Stage, n (%)
IIA
IIB
III

3 (3.5)
45 (53.5)
36 (42.8)

1 (2.4)
27 (65.8)
13 (31.7)

1 (100)
12 (44.4)
2 (15.3)

0
15 (55.5)
11 (84.6)

0.590

Metastases, n (%)
Yes
No

36 (42.8)
48 (57.1)

13 (31.7)
28 (68.2)

2 (15.3)
13 (46.4)

11 (84.6)
15 (53.5)

0.055

SD, standard deviation.
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Discussion

In the pre-chemotherapy era, the outcomes of 
patients with high-grade osteosarcoma treated with 
surgery or radiotherapy were poor, with overall 2-year 
survival ranging from 15% to 20%, regardless of ade-
quate local control of the primary tumor. At that time, 
after local control, most patients (80-90%) developed 
pulmonary metastases within 9 to 12  months, so 
patients with the localized disease were thought to 
have undetected pulmonary micrometastases at diag-
nosis15-17. Studies searching for active drugs to treat 
patients with metastatic osteosarcoma identified cispla-
tin, doxorubicin, and methotrexate as drugs with prom-
ising antineoplastic activity18-20.

The first studies demonstrating a significant improve-
ment in outcome were published by Link et al. (1986) 
and Eilber et al. (1987). In both studies, using postop-
erative (adjuvant) chemotherapy, relapse-free survival 
at two years was > 50% compared to < 20% previously 
observed21,22. Rosen et al. (1976) introduced the con-
cept of neoadjuvant chemotherapy and en bloc resec-
tion of the primary tumor to avoid limb amputation23. 
Later, these authors demonstrated the value of preop-
erative chemotherapy to facilitate surgical resection 
and allow histologic evaluation of the response to neo-
adjuvant chemotherapy24. Since then, the standard 
strategy for treating high-grade osteosarcoma has con-
sisted of neoadjuvant chemotherapy, limb-sparing local 
control surgery, histologic evaluation of the response 

to preoperative chemotherapy, and adjuvant chemo-
therapy. Thus, histologic response to preoperative che-
motherapy became a predictor of survival25,26. In a 
systematic review of the literature, Anninga et al. con-
firmed that a good histologic response to neoadjuvant 
chemotherapy is an important prognostic factor, leading 
to longer patient survival27.

Although the number of patients is small in this 
cohort, it can be evidenced that patients with good 
neoadjuvant response had better 5-year overall and 
event-free survival (88.8% and 81.4%) compared to 
patients with a poor response (66.5% and 31.4%), 
respectively. These findings are consistent with the 
results published by the EURAMOS-1 group5,15, who 
reported that poor histologic response to neoadjuvant 
chemotherapy was more associated with poor EFS 
than good responders. Although the EFS of good and 
poor responders was not reported, it was published that 
the risk of presenting an event is higher in poor respond-
ers (HR = 2.13, 95%CI 1.76-2.78). Similarly, in a cohort 
treated without high-dose methotrexate at the INC, 
Suarez et al.28 reported that event-free survival in 
patients with poor response to neoadjuvant chemother-
apy was lower than good responders (HR= 2.90, 95%CI 
1.60-5.27).

Metastatic disease at diagnosis is detected in 17-20% 
of high-grade osteosarcoma cases. It represents a 
strong predictor of poor outcome, with remarkably low 
OS and EFS, as observed in the Cooperative 

Table 2. Outcomes of the 41 patients who received 
neoadjuvant chemotherapy

Characteristics n (%) 95%CI

Histologic response to 
neoadjuvant treatment

Good response  
(≥ 90% necrosis)
Poor response  
(< 90% necrosis)

41 (100)

15 (36.6)

26 (63.4)

49.35-75.66

22.57-53.08

Relapses 17 (41.4) 28.63-55.45

Relapse sites
Lung
Combined 
Local

13 (31.7)
3 (7.3)
1 (2.4)

20.1-45.7
2.2-18.5

0.10-12.0

Deaths 8 (19.5) 10.4-32.7

Causes of death
Progression or relapse
Infection

8 (19.5)
0

10.4-32.7
0

CI, confidence interval.

Table 3. Overall and event-free survival rates of patients 
who received neoadjuvant therapy according to 
histologic response and presence of metastases at 
diagnosis

Characteristics n HR* 95%CI

Comparison of overall survival at 
5 years

Patients with metastases at 
diagnosis¥

Patients with good response to 
neoadjuvant chemotherapy§

41

13

17

1.36

0.21

0.32-5.73

0.02-1.74

Comparison of event-free survival at 
5 years

Patients with metastases at 
diagnosis¥

Patients with a good response to 
neoadjuvant chemotherapy§

41

13

17

2.15

0.20

0.82-5.61

0.04-0.91

¥Comparison made with the survival curve of patients without metastases at 
diagnosis.
§Comparison made versus patients with poor response to neoadjuvant 
chemotherapy.
CI, confidence interval; HR, hazard ratio not adjusted for other variables.
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Figure 3. Overall survival (OS) curves according to response to neoadjuvant chemotherapy. The good responder group's 
survival at 80 months is approximately 88%, compared to 66% for the poor responder group. However, no statistically 
significant differences were observed between the two curves.

Figure 2. Overall survival (OS) curve for patients who received neoadjuvant chemotherapy. During the first months, the 
probability of survival decreases and stabilizes at 35 months in 74%. Confidence intervals are plotted in the gray area.
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German-Austrian-Swiss Osteosarcoma Study Group 
studies, which showed 5-year and 10-year overall sur-
vival of 29% and 24%, respectively29. Bacci et al. found 
a 5-year EFS of 18.9%30; more recently, the EURAMOS-1 
study achieved 3- and 5-year EFS of 32% (95%CI 27-37) 
and 28% (95%CI 22-33). It is noteworthy in our series 
that metastatic disease is present in 42.8% of patients 
at the time of diagnosis, which is slightly more than dou-
ble that reported by other groups26,29,30. However, this 
situation could be explained because the INC is a refer-
ence center for bone tumors. Regardless of the higher 
number of patients with metastases at diagnosis, 5-year 
OS and EFS were 25.19  (95%CI 23.32-88.18) and 
17.58  (95%CI 1.32-49.77), respectively, which is very 
similar to that reported internationally. Finally, although 
the number of patients who received neoadjuvant che-
motherapy was small, the OS (Figure  2) of the cohort 
stabilized after 34 months of follow-up at 74%, similar to 
that reported in studies from developed countries26.

As limitations of the study, firstly, we can mention that 
this is a retrospective study conducted with information 
obtained from INC clinical records, which could imply 
an information bias in the recording of some variables, 
such as the imaging measurement of tumor volume, 
which would have allowed us to evaluate how the rel-
ative size of the tumor could influence survival. 
Secondly, multivariate analysis to determine possible 
prognostic factors could not be performed because the 
number of deaths was not high enough to use a Cox 
proportional-hazards model.

One aspect to highlight is that our results are com-
parable to clinical trials conducted by international 
groups with adequate sample sizes and high power. 
Our findings demonstrate that applying an intense che-
motherapy protocol such as OS-INC 2009 is feasible 
in a developing country as long as it is implemented in 
pediatric oncology units with the capacity for multidis-
ciplinary management and response to complications 
caused by complex procedures and administration of 
drugs with significant toxicity profiles.

In conclusion, evaluation of histologic response to 
neoadjuvant chemotherapy shows that good respond-
ers have better OS and EFS and that pulmonary metas-
tases are a variable that confers the worst vital 
prognosis in patients with high-grade osteosarcoma.
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