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Purpose: Little information is available regarding the tumor features, prognostic factors, and treatment results in
children and adolescents and young adults (AYAs) with osteosarcoma diagnosed in developing countries. We
reviewed the results of three observational cohorts of osteosarcoma patients treated in an emerging country.
Methods: A total of 604 patients below the age of 30 years with high-grade osteosarcoma were prospectively enrolled
in the Brazilian Osteosarcoma Treatment Group (BOTG) studies III, IV, and V. Gender, age, time from onset of
symptoms to diagnosis, primary tumor site, presence or absence of metastases at diagnosis, tumor size, type of
surgery (limb-sparing or amputation), treatment protocol, and histological response were correlated with survival.
Results: The estimated 5-year overall survival and event-free survival (EFS) rates for the 553 eligible patients were
49% and 39% respectively; of the 390 non-metastatic patients included in the total, overall- and event-free survival
were 59% and 48% respectively. Metastases at diagnosis, primary tumor site, type of surgery, and histological
response were significant predictors of overall survival and EFS in univariate and multivariate analysis, whereas
tumor size and treatment protocol lost prognostic significance in multivariate analysis.

Conclusion: We report on the outcome of three consecutive studies for the treatment of osteosarcoma carried out in
Brazil over 15 years. Although the survival rates presented are below those reported in current literature, it represents
the result of a favorable experience gathered from the national collaborative work.
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DJUVANT AND NEOADJUVANT CHEMOTHERAPY intro-
duced in the early 1970s have significantly improved
long-term outcomes for patients with osteosarcoma, resulting
in 5-year survival rates of 55-77% in most North American
and European countries.' Nevertheless, 15-20% of newly

diagnosed osteosarcoma patients present with overt meta-
static disease, and the prognosis in these cases remains poor,
with a 5-year survival rate of around 20%.>1011

Further, scarce information is available regarding the
tumor features, prognostic factors, and treatment results of
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osteosarcoma in children and adolescents and young adults
(AYAs) in developing countries.'”'*'* This is particularly
disturbing considering that 70% of the world’s youth with
cancer are in these countries, and their survival rates are
predictably inferior to those in countries with advanced
healthcare systems.*

Brazil is a country of 190 million people with important
social and economic disparities, and 43% of its population
younger than 24 years of age.'>'® An estimated 350 new cases
of osteosarcoma are diagnosed in Brazil each year. The Bra-
zilian Osteosarcoma Treatment Group (BOTG) was created
in the 1980s to study the epidemiology and clinical features of
osteosarcoma in our population and to develop treatment
strategies that took local conditions into consideration. Five
consecutive studies have now been completed by the group,
which enrolled a total of 778 children, adolescents (aged 12—
17), and young adults (aged 18-30) with osteosarcoma from
across Brazil 121317

We sought to describe our patient population by compar-
ing and contrasting their demographics and treatment out-
comes with those reported in the literature by other countries.
The results of BOTG studies III and IV were previously
published.'® This article reports on study V, which was con-
ducted in 25 institutions and enrolled 368 patients, and up-
dates the data from the previous two studies (IIl and
IV).These three successive protocols from the past 15 years,
conducted from 1991 to 2005, provided a sufficient number of
patients for meaningful analysis.

Methods
Participant selection

We prospectively enrolled 604 patients below the age of 30
years with high-grade metastatic and non-metastatic osteosar-
coma in BOTG studies III, IV, and V. These protocols were
introduced in a sequential stepwise manner building on expe-
riences gained from each and discoveries reported at meetings
and in journals. The studies were approved by the Institutional
Review Board at each of the 25 participating institutions in 15
different cities; informed consent was obtained from the pa-
tients or their legal guardians for those under 18 years of age.

After histological confirmation of high-grade intra-
medullary osteosarcoma, an initial evaluation consisting of a
complete medical history and physical examination; complete
blood count; and full biochemistry including electrolytes, al-
kaline phosphatase, and lactic dehydrogenase were performed.
Eligible patients were required to have normal renal, hepatic,
and cardiac functions for their age; normal audiometric eval-
uation at diagnosis was also required for patients enrolled in
studies IV and V. Imaging performed at diagnosis included
plain radiograph of the chest and primary tumor site, com-
puted tomography (CT) of the chest, radioisotope bone scan,
and a CT scan or magnetic resonance imaging (MRI) of the
primary site. These assessments were repeated just prior to
surgery and at regular intervals thereafter, both during and
after the completion of therapy, for at least 5 years.

BOTG studies Ill, 1V, and V protocols

Chemotherapy. BOTG protocols (Fig. 1) were designed to
be delivered in an outpatient setting. Study III started in 1991,
closed in 1996, and enrolled a total of 117 patients. It was
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comprised of two chemotherapy arms: regimens A (standard
risk patients) and B (high-risk patients). Regimen A consisted
of epirubicin (75 mg/ m? short-term intravenous [IV] infusion
on day 1 of weeks 0, 6, 11, 17, 20, and 23); carboplatin
(600 mg/ m? IV on day 1 of weeks 3, 6, 14, and 17; and ifos-
famide 3g/ m? with mesna on days 1, 2 and 3 of weeks 0, 3,
11, 14, 20, and 23; Fig. 1A). Thirty-three patients received two
cycles of intra-arterial carboplatin as a single agent up front.
Based on our previous studies, 2317 it appeared that patients
presenting with tumors larger than 12 cm and those requiring
immediate or early amputation, as well as the ones presenting
with metastasis, were considered to be at high risk of treat-
ment failure, so they were additionally treated with high-dose
methotrexate (HDMTX) 12 g/ m? on weeks 11, 12, 19, 20, 27,
and 28 (Fig. 1A, Regimen B).

Study IV, which enrolled 119 patients between 1996 and
1999, intensified therapy with platinum compounds (carbo-
platin and cisplatin). All patients received carboplatin
(500mg/ m? IV on day 1 of weeks 0, 3, 6, 17, and 26) and
cisplatin (100 mg/ m? IV on day 1 of weeks 0, 3, 6, 11, and 20).
Doxorubicin was initially administered at a dose of 30mg/ m?
in short-term IV infusions on days 1 and 2 of weeks 0, 3, 6, 14,
17,and 23. After April 1998, the dose was changed to 35 mg/m?
given with dexrazoxane, following the previously mentioned
schedule. Ifosfamide 3 g/ m? IV and mesna on days 1,2, and 3
were administered on weeks 11, 14, 20, and 26 (Fig. 1B).

In study V, started in 2000 and closed in 2005 with an en-
rollment of 368, high-dose ifosfamide was added to the stan-
dard cisplatin/doxorubicin regimen. All patients received
cisplatin 60 mg/ m? IV over 4 hours combined with doxorubicin
40 mg/m? in short-term IV infusion on days 1 and 2 of weeks 0,
6, 15, and 21. High-dose ifosfamide 2.7 g/ m? with mesna ur-
oprotection was administered for days 1-5 of weeks 3, 9, 18,
and 24 (total ifosfamide dose of 13.5g/m?; Fig. 1C). For meta-
static patients, cyclophosphamide 2 g/m* was used as an up-
front window therapy 6 and 3 weeks before starting on week 0.

Surgery. Definitive surgery was performed at week 9 in
studies III and IV and week 12 in study V. The appropriate
procedure for each case was chosen by the institutional or-
thopedic surgeon in collaboration with the pediatric oncology
team. Limb preservation was encouraged whenever possible
using a variety of techniques such as non-conventional en-
doprosthesis, resection of expendable bones, plates, and bone
graft fixation (autograft or allograft). After primary tumor
removal, global assessment of necrosis was made by the in-
stitutional pathologist using the scoring system designed by
Huvos as follows: grade 1=<50% tumor necrosis, grade
2=50-90% tumor necrosis, grade 3= >90% tumor necrosis,
and grade 4 =100% necrosis.'®

All pulmonary metastases were surgically removed as soon
as possible after resection of the primary tumor. Patients with
non-metastatic disease were considered to be in complete
remission on the date of the primary tumor resection, whereas
patients with metastatic tumors were considered to be in
complete remission on the date of the pulmonary metastases
resection.

Statistical analysis

The following variables were evaluated and assessed for
their association with survival: gender, age at enrollment
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(stratified by age 14 as that is the line between attending a
pediatric or adult institution in the majority of centers in Brazil),
time from the onset of symptoms to diagnosis, primary tumor
site, presence or absence of metastases at diagnosis, tumor size
(<12 cm or >12 cm), type of surgery (limb-sparing or amputa-
tion), treatment protocol, and histological response.

Overall survival was defined as the time interval between
the date of study enrollment and either death from any cause
or the most recent follow-up contact. Event-free survival (EFS)
was defined as the time interval between study enrollment
and disease relapse, death from any cause, or the most recent
follow-up contact. The overall survival and EFS curves were
created using the Kaplan-Meier method and log-rank tests
were used to compare the curves. Hazard ratio estimates were
calculated through univariate and multivariate Cox regres-
sion models. The probability of rejecting the null hypothesis

was fixed at p <0.05. The statistics software STATA v 10.0 was
used in this study.

Results
Participant characteristics

A total of 604 patients were enrolled onto BOTG studies III
(n=117),1V (n=119), and V (1 =368). Fifty-one (8.4%) patients
were excluded from this analysis because of axial tumors
(n=21), refusal of surgery (1=20), early discontinuation of
treatment (1 =7), or unresectable tumor (1 =3). The remaining
553 patients were evaluated for overall survival and EFS.
However, the entire population of 604 patients was included
in demographic data (Table 1) and the osteosarcoma of the
extremities (metastatic or non-metastatic) population in the
intent-to-treat analysis. Patients ranged in age from 1 to 30
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TaBLE 1. DEMoOGRAPHICS, TUMOR CHARACTERISTICS, SURGERY TYPE, AND HISTOLOGIC RESPONSE
FOR OSTEOSARCOMA PATIENTS IN BOTG Stupiss 111, IV, AND V

BOTG study
11 v | Total
n % n % n % n %

Age (N=604; range=1-30)

<14 years 58 49.6 57 479 177 48.1 292 48.3

>14 years 59 50.4 62 52.1 191 51.9 312 51.7
Gender (N=604)

Male 63 53.8 74 62.2 198 53.8 335 55.5

Female 54 46.2 45 37.8 170 46.2 269 44.5
Metastases at diagnoses (N=604)

No 89 76.1 95 79.8 235 63.9 419 69.4

Yes 28 23.9 24 20.2 133 36.1 185 30.6
Primary tumor site (N=604)

Femur 64 54.7 63 52.9 191 51.9 318 52.6

Tibia 30 25.6 39 32.8 91 24.7 160 26.5

Humerus 8 6.8 12 10.1 44 12.0 64 10.6

Other 15 12.8 5 4.2 42 114 62 10.3
Tumor size (N=410)

<12cm 41 56.2 59 64.1 126 51.4 226 55.1

>12cm 32 43.8 33 35.9 119 48.6 184 449
Type of surgery (N=529)

Limb-sparing 55 59.8 78 70.9 221 67.6 354 66.9

Amputation 37 40.2 32 29.1 106 324 175 33.1
Histological response to preoperative chemotherapy. Grade of necrosis (N=2395)

Grade 1 or 2 34 53.1 79 82.3 151 64.3 264 66.8

Grade 3 or 4 30 46.9 17 17.7 84 35.7 131 33.2

Note: A total of 604 patients were enrolled onto BOTG studies Il (n=117), IV (n=119), and V (1=368). However, 51 (8.4%) patients were
excluded from this analysis because of axial tumors (n=21), refusal of surgery (1=20), early discontinuation of treatment (1=7), and or
unresectable tumor (n=3). All 604 were used for demographic and intent-to-treat analyses, but the number of patients in other analyses

varied as shown above.
BOTG, Brazilian Osteosarcoma Treatment Group.

years old; the median age at study entry was 14.1 years. Of
the 604 patients, 335 (55.5%) were male and 269 (44.5%) were
female. The median time from onset of symptoms to diag-
nosis was 101 days (range=2-758 days). Metastases at di-
agnosis were found in 185 patients (30.6%) as follows:
pulmonary only =85.6%, skeletal only=2.9%, and pulmo-
nary and skeletal=11.5%. Femur was the most common
primary tumor site.

Surgery

Twenty-four (4.3%) of the 553 eligible patients died before
surgery: seven as a result of chemotherapy-related toxicity
and 17 due to disease progression. Among the 529 patients
who underwent surgical treatment, 354 (66.9%) had limb-
sparing surgery and 175 (33.1%) had amputation (Table 1); 40
(7.6%) of those amputations were performed upfront before
chemotherapy due to tumor size.

Local relapse occurred in 47 (8.9%) of the 529 patients; 42
underwent limb-sparing surgery and 5 had amputations.
Fourteen (29.8%) of these patients were rescued and were
alive without disease at a median follow-up time of 89.7
months after diagnosis.

Histological response to preoperative chemotherapy

Of the 488 patients who had a surgical procedure (limb-
sparing or amputation) following chemotherapy, histological
response was determined in 395 patients (80.7%; Table 1). The
proportion of good responders (necrosis grade 3 or 4) in all
studies combined was 33.2%. The proportion of patients
achieving grade 3 or 4 necrosis in study III (46.9%) was higher
than in study IV (17.7%; p<0.001) or V (35.7%).

Survival outcomes

The median follow-up time from time of enrollment was
92.0 months (range=35.3-209.2 months). Among the 553
patients evaluated for overall survival and EFS, 263 were
alive at the time of the analysis, 284 had died, and 6 had
been lost to follow-up. The causes of death were: disease
relapse after attaining remission (1=170; 30.7%), disease
progression (n=62; 11.2%), regimen-related toxicity (n=34;
6.1%), second malignant neoplasm (n=3; 0.5%), or other
causes (n=2; 0.4%). In 13 patients, the cause of death was
not specified (2.4%).

Disease relapse or progression occurred in 281 cases
(50.8%) after a mean time of 18.8 months following diagnosis;
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TABLE 2. OVERALL- AND EVENT-FREE 5-YEAR SURVIVAL BASED ON KAPLAN-MEIER ESTIMATES
OF SURVIVAL CURVES AND LoG-RANK TESTS FOR ALL ASSESSABLE PATIENTS, BY BOTG StUuDY
AND ACCORDING TO SIGNIFICANT PROGNOSTIC FACTORS

Ovwerall survival

Event-free survival

Factor n % (95% CI) p (log-rank) % (95% CI) p (log-rank)

Overall 553 49 (44-52) 39 (42-51)

Study (N=550)
11 96 50 (40-59) A 40 (31-50) b
v 113 46 (37-55) <0.0001 39 (30-48) <0.0001
\% 341 48 (43-54) 38 (33-43)

Metastases at diagnosis (N=>550)
No 390 59 (54-64) <0.0001 48 (43-53) <0.0001
Yes 160 22 (16-29) 17 (11-23)

Type of surgery (N=550)
Limb-sparing 376 56 (51-61) <0.0001 44 (39-50) <0.0001
Amputation 174 32 (25-40) 27 (20-33)

Tumor size (N=407)
<12cm 224 64 (57-70) <0.0001 51 (44-57) <0.0001
>12cm 183 41 (33-48) 31 (25-38)

Histologic response to preoperative chemotherapy. Grade of necrosis (N=2393)
Grade 3 or 4 130 (64-80) <0.0001 58 (49-66) 0.0003
Grade 1 or 2 263 45 (39-51) 35 (29-41)

Primary tumor site (N=>550)
Tibia 155 58 (50-65) — 48 (40-56) —
Femur 305 46 (40-51) 0.010 35 (29-40) 0.0064
Humerus 56 47 (33-59) 0.5760 38 (25-31) 0.3431
Other 34 34 (18-51) 0.2428 32 (16-49) 0.2647

Study III>studies IV and V; study V>study IV.
PStudy IMT=study IV; studies IIT and IV >study V.
BOTG, Brazilian Osteosarcoma Treatment Group; CI, confidence interval.

lungs were the most frequent site. Only 47 (16.7%) of these
patients were rescued, while 232 (82.6%) died from disease
and two (0.7%) were lost to follow-up.

The estimated 5-year overall survival and EFS rates for all
eligible patients were 49% and 39% respectively (Table 2). For

FIG. 2. Overall survival
curves for assessable patients
with osteosarcoma of the ex-
tremities in BOTG studies 1II,
IV, and V by selected prog-
nostic factors. BOTG, Brazilian
Osteosarcoma Treatment Group.

patients without metastases, overall survival and EFS at 5
years were 59% and 48% respectively (Table 2, Fig. 2A).
However, patients with metastatic disease had only a 22%
probability of overall survival and 17% of EFS at 5 years

(Table 2, Fig. 2A).
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TABLE 3. PROGNOSTIC FACTORS ASSOCIATED WITH TABLE 4. PROGNOSTIC FACTORS ASSOCIATED WITH EVENT
EVENT AND DEATH IN A UNIVARIATE ANALYSIS AND DEATH IN A MULTIVARIATE ANALYSIS
Hazard Hazard
Model ratio P (95% CI) Model ratio P (95% CI)
Death Death
Tumor size <12cm 1.00 <0.001 (1.52-2.71) Tumor size <12cm 1.00 0.115 (0.94-1.70)
>12cm 2.03 >12cm 1.27
Metastases No 1.00 <0.001 (2.47-3.98) Metastases No 1.00 <0.0001 (1.83-3.37)
at diagnosis Yes 3.14 at diagnosis Yes 2.48
Surger Limb-sparin, 1.00 <0.001 (1.08-2.95) Surger Limb-sparing 1.00 <0.0001 (1.35-2.58)
gery paring gery paring
Amputation 2.30 Amputation  1.87
Grade of 3or4 1.00 <0.001 (1.74-3.63) Grade of 3or4 1.00 <0.0001 (1.47-2.92)
necrosis 1lor2 2.52 necrosis lor2 2.08
Primary Tibia 1.00 Primary tumor Tibia 1.00
tumor site  Femur 1.40 0.020 (1.05-1.85) Femur 1.58 0.007 (1.13-2.23)
Humerus 1.30 0.242 (0.84-2.00) Humerus 1.40 0.224 (0.81-2.42)
Other 1.79 0.020 (1.10-2.91) Other 1.53 0.208 (0.79-2.97)
tucy v M 057 076-162)
v 0:99 02952 (0272—1:36) Tumor size <12cm 1.00  0.369 (0.82-1.68)
Event >12cm 1.18
Tumor size ~ <12cm 1.00 <0001 (1.39-234)  Metastasesat No 1.0 <0.0001 (1.97-3.99)
S12em 1.81 diagnosis Yes 2.8
Metastases at  No 100 <0.001 (2.14-334)  Surgery Limb-sparing  1.00  <0.0001 (1.45-3.13)
diagnosis Yes 2.67 Amputation  2.13
Surgery Limb-sparing 1.00 <0.001 (153-242)  Gradeof Jord 100 <0.0001 (1.43-3.37)
Amputation  1.92 necrosis lor2 2.19
_ Primary Tibia 1.00
Grr?gcergsfis f o g ;'8(6) <0.001 (1.51-2.81) tumor site  Femur 151 0047 (1.00-2.29)
. . ’ Humerus 1.59 0.140 (0.85-2.98)
Primary tumor Tibia 1.00 Other 137 0404 (0.65-2.87)
Femur 145  0.005 (1.12-1.88)
Humerus 1.36 0.129 (091—203) ClI, confidence interval.
Other 1.67 0.033 (1.04-2.68)
Study I 1.00 as such, we expect to contribute to the best knowledge and
v 1.03 0.851 (0.73-1.47) .. . .
v 1.02 0.894 (0.76-1.37) management of this disease in other countries.

ClI, confidence interval.

Prognostic factors

Age, gender, time from onset of symptoms to diagnosis,
and treatment protocol were not associated with survival. In a
univariate analysis (Table 3), the characteristics that were
significantly associated with overall survival were: metasta-
ses at diagnosis (hazard ratio [HR]=3.14; 95% confidence
interval [CI]: 2.47-3.98), tumor size (HR=2.03; 95% CI: 1.52—
2.71), type of surgery (HR=2.30; 95% CI: 1.08-2.95), histo-
logical response (HR=2.52; 95% CI: 1.74-3.63), and primary
tumor site (HR=1.40; 95% CI: 1.05-1.85; Fig. 2A-D). The
multivariate analysis for independent prognostic factors
(Table 4) demonstrated that metastatic disease at diagnosis
was the characteristic most significantly associated with EFS
and overall survival. Grade of necrosis, surgery type, and
tumor site were also independently associated with survival
and EFS, whereas tumor size lost prognostic significance in
the multivariate analysis.

Discussion

To the best of our knowledge, this report represents the
largest osteosarcoma study from a developing country, and,

Our analysis attempted to compare our findings and results
with those published in the literature. Prior to initiation of
therapy, investigators visited prominent institutions to study
prevailing methods of treatment. Treatment protocols were
also gleaned from published reports and were similar—if not
occasionally identical—to that published in the literature. Our
patient population revealed a comparable list of parallels to
that of published reports with an increase in several poor
prognostic variables.

Metastases at diagnosis were present in 30% of our pa-
tients, which is higher than the frequency reported by other
investigators.'®! While we had previously reported that
only 21% of patients in BOTG studies Il and IV had metastatic
disease, '’ the increase seen in this analysis can be explained by
the growth of the cooperative group, which increased the
number of osteosarcoma Brazilian patients with access to a
treatment protocol. For instance, while BOTG studies III and
IV enrolled 30 patients per year from five institutions, the
more recent study V enrolled 61 patients per year (368 pa-
tients over 6 years) from 25 institutions in 15 different cities,
more accurately representing the Brazilian osteosarcoma
population. Interestingly, there was no statistically significant
relationship between this high incidence of metastatic disease
and diagnostic delay, since the time from symptom onset to
diagnosis did not correlate with the presence of metastases,
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tumor size, or survival. The presence of metastatic disease at
presentation may be more related to the tumor biology of
individual patients than the interval from symptoms to di-
agnosis. The patient demographics were otherwise similar to
those reported elsewhere in the literature.’

We recognize that the 5-year overall survival (49%) and
EFS rates (39%) of our patients are below the 55-77% rates
published by other groups."” This may be attributed to
advanced stages of malignancy in patients presenting for
treatment. When patients with metastatic disease are ex-
cluded from the analysis, the 5-year overall survival (59%)
and EFS (48%) are similar to that reported by other cooper-
ative groups.l’3 Furthermore, our results were superior
compared to our historical experience prior to the 1980s,
when amputation was essentially the sole and “standard”
treatment.>'* Also of note is that despite the large size of
many tumors, limb salvage replaced amputation in the ma-
jority of patients, with the percentage of patients undergoing
limb salvage increasing from study III (59.8%) to studies IV
(70.9%) and V (67.6%), largely due to advances in orthopedic
surgery nationwide.

Histological response was better in study III than in study
IV or V. This finding is attributed to the use of intra-arterial
carboplatin in the former study.'®!” Other authors have al-
ready reported an improved response rate with the admin-
istration of intra-arterial chemotherapy.”> > Study III also
had better 5-year overall survival (50%) and EFS rates (40%)
when compared to studies IV (overall survival=46%; EFS=
29%) and V (overall survival =48%; EFS=38%). In addition to
the superior histological response in study III, it also had a
lower proportion of metastatic patients (19.8%) than did
study V (34.9%), which clearly contributes to the difference in
survival curves.

Tumor size, which was significant in our previous studies if
based on the cut-off of 12 cm, > 2 was a significant prognostic
factor in the univariate analysis, but lost its significance in the
multivariate analysis. This may be secondary to the fact that
we used absolute tumor size, whereas tumor size relative to
bone length or patient size could be more accurate. Factors
such as surgical resectability and grade of necrosis that ac-
count for response to neoadjuvant chemotherapy may be
more important than size for outcome.

Conclusion

In conclusion, we report our experience treating osteosar-
coma in three different multicenter Brazilian trials. Although
the Brazilian survival rates presented in the past 15 years are
lower than those reported in the current literature, this study
represents the result of a favorable experience gathered from
the national collaborative work. We have provided a reliable
picture of our national reality and increased the number of
osteosarcoma Brazilian patients with access to a treatment
protocol.
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