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similar when limited to patients seen after 1990 and treated with surgery plus combination
chemotherapy. This large-scale international collaboration identifies strong predictors of
major clinical outcomes in osteosarcoma.

© 2009 Published by Elsevier Ltd.

1. Introduction

Osteosarcoma is the most common malignant bone tumour
of childhood and adolescence,’ and the second most common
primary tumour involving bone in the general population.
Males are affected slightly more frequently than females.”™
The pathogenesis remains unclear, although several causa-
tive factors have been proposed.* In recent studies the re-
ported 5-year survival ranges from 50% to 75%,'°* but the
disease has a variable course and the prognostic factors that
affect this variability are not fully understood. Moreover,
while the main treatment approach typically includes the
combination of surgery with chemotherapy, there is limited
knowledge on how different types of surgery (limb salvage
versus amputation), chemotherapy (pre- and post-opera-
tively), or other treatments (e.g. radiotherapy) influence the
outcome. Understanding risk factors would be important in
estimating and communicating risk to patients and in making
appropriate therapeutic decisions.

Several prognostic factors have been reported to be associ-
ated with osteosarcoma outcomes. To clarify the impact of
patient, tumour and management characteristics as prognos-
tic factors in patients with osteosarcoma across diverse set-
tings, we set up an international collaboration, where
several teams of investigators contributed data on their pa-
tients according to a standardised protocol.

2. Materials and methods

2.1. Construction of the consortium

In April 2006, PubMed searches were performed on ‘osteosar-
coma’, limited to studies with human subjects with a publica-
tion date from 1993 to 2006. This search identified 6128 items.
The abstracts were screened to identify studies on prognostic
factors of osteosarcoma with at least 20 patients. This proce-
dure left 2224 potentially eligible articles from 153 distinct re-
search groups that had published on various putative
predictive factors for osteosarcoma. In October 2006, an invi-
tation was sent to these groups to probe their interest in an
international collaborative study of osteosarcoma outcomes
and prognostic factors. As a prerequisite it was requested that
a team should be able to contribute at least 40 patients with
information on major clinical outcomes (death, metastasis
and local recurrence) plus a minimum dataset of potential
prognostic factors. A preliminary protocol was circulated
and interested teams were asked to make amendments and
improvements. Ten teams of investigators responded favour-
ably, participated in finalising the protocol (with mutually
agreed definitions of all variables of interest) and sent data.
The participating teams were located in Birmingham, Vienna,
Sao Paolo, Pamplona, Florence, Ankara, Paris, Valencia, Za-

greb and Cincinnati. One team (Ankara) had enrolled only
children or adolescents (<20 years old when seen), while oth-
ers enrolled both children/adolescents and adults.

According to the protocol, investigators were encouraged
to send data on all cases of osteosarcomas that they have
seen in their centres, regardless of whether they have fol-
lowed up these cases since the time of diagnosis or not, and
regardless of whether they still follow these patients or not,
so as to be able to judge the extent of missing information.
The investigators were encouraged to communicate with
the coordinators to clarify any unclear issues on how cases
should be selected, minimise potential selection biases, and
maximise standardisation across teams. Of note, the collabo-
rative analysis utilises data from teams that have already
published some information from their patients, but the
information available for the collaborative project may be dif-
ferent from the published data due to various reasons: more
patients included, extended coverage of variables, standardi-
sation and harmonisation of definitions and data cleaning.

Data collection was completed on 30th October 2007. Clar-
ification of data queries between the coordinating team and
collaborators and further cleaning of databases were per-
formed until April 2008.

2.2.  Data: definitions and standardisations

Osteosarcoma cases were eligible regardless of age at diagno-
sis, site, diagnostic group or other characteristics. Follow-up
started when a patient was first seen by the participating
team of investigators with a diagnosis of osteosarcoma. This
means that for some cases follow-up did not start at the time
of the primary diagnosis, but later, e.g. this could be at a time
when local recurrence or metastatic disease was detected.
Incident cases were defined as those where follow-up started
within 4 months of initial diagnosis. Follow-up was censored
on 30th May 2006.

Each team contributed data on gender, age at the start of
the follow-up, tumour size (largest diameter), bone location
(including whether proximal or distal in long bones), clinical
type (conventional, paraosteal, periosteal, others), histologi-
cal type (osteoblastic, chondroblastic, fibroblastic, telangiec-
tatic, small cell, others), presence of metastases and local
recurrence at the start of the follow-up, initial treatment re-
ceived at the time of initial diagnosis (surgery, chemotherapy,
radiotherapy or others and combinations thereof), type of sur-
gical treatment (classified as amputation versus limb salvage
[including wide resection]), type of chemotherapy (based on
whether it included anthracycline and/or platinum and
whether methotrexate was used or not), timing of chemother-
apy (preoperatively, postoperatively, both), histological re-
sponse to preoperative chemotherapy (defining responders
as those having 90% or higher necrosis, i.e. grade 3 or 4 re-
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sponse as per the Huvos system™ and class 1,2 or 3 response
as per the Salzer-Kuntschik system®®), date of diagnosis and
date when first seen, development of local recurrence, time
to local recurrence, development of metastasis, time to
metastasis, location of metastasis, death and time to death
or last follow-up.

2.3. Outcomes

The primary outcome was death from any cause. Secondary
outcomes were the development of metastasis and local
recurrence. For patients who already had a local recurrence
when first seen by the team, we counted only the development
of a new local recurrent lesion as a local recurrence outcome.
Similarly, for patients who already had metastasis when first
seen by the team, we counted only the development of metas-
tasis at a different, new localisation as a metastatic event.

2.4.  Statistical analysis

The analysis included all patients regardless of whether they
were incident cases or not (prevalent cases). We initially in-
tended to perform secondary analyses examining the incident
and prevalent cases separately (because cases with prevalent
diagnoses at the time first seen by a team may have survivor-
ship bias), but the limited number of prevalent cases (n = 108)
precluded their separate analysis. Most prevalent cases, more-
over, had been diagnosed close to 4 months before first seen by
a participating team. Analyses limited to incident cases did
not materially change any of the estimates (not shown).
Descriptive tables were generated showing the distribution
of candidate predictors and summary data on outcomes. We
also examined by t-test and ANOVA, whether tumour size
was associated with the initial treatment, timing of chemo-
therapy and choice of surgical procedure (amputation or not).
For each candidate predictor and for each outcome, we
performed analyses in each team using proportional hazards
models, after checking Kaplan-Meier plots and formal testing
using time-dependent variables. Analyses per team are not
presented, but are available from the authors upon request.
Cox models estimated hazard ratios for gender, age, tumour
size, tumour location, location in long bones, clinical type,
histological type, metastasis at the start of the follow-up, lo-
cal recurrence at the start of the follow-up, initial treatment
received, type of surgery, timing of chemotherapy, type of
chemotherapeutic regimen, histological response to preoper-
ative chemotherapy and calendar year of diagnosis. We con-
sidered variables with p<0.05 in univariate models for
inclusion in a stepwise entry approach for building the multi-
variate model according to likelihood ratio criteria. We did not
consider for the multivariate model variables with missing
information on more than 20% of the patients (tumour size,
histological type, grade and histological response to chemo-
therapy). We also estimated for the final multivariate model,
the coefficient of determination, i.e. the proportion of the be-
tween-individual variance in outcome that is explained by
the selected variables. This is given by 1-exp([change in -
2LL with the inclusion of variables|/n), where -2LL is the -
2log likelihood and n is the number of patients included in
the Cox model analysis. Finally, in order to focus also on more

recently diagnosed cases who had received standard treat-
ment, a set of sensitivity analyses were limited to cases diag-
nosed after 1990 who had been treated with surgery plus
combination chemotherapy.

Analyses were conducted by using SPSS (version 14.0;
SPSS, Inc., Chicago, IL). P-values were two tailed. All data
and analyses were handled at the coordinating centre at the
University of Ioannina. The corresponding author had full ac-
cess to all the data in the study and had final responsibility to
decide on the submission of the manuscript.

3. Results

3.1.  Characteristics of eligible patients

Data from 2680 patients were assembled (Table 1 and Supple-
mentary Table 1). Most (86%) had been first seen after 1980.
Most patients were adolescents and there was a slight male
predominance. The median tumour size in the 1216 patients
who had accurate measurements was 10.0 cm. The tumour
was located in the femur in approximately half of the pa-
tients, and in the tibia in a quarter. In the majority of osteo-
sarcomas in long bones (56%) the tumour was located in
distal part of the bone, but proximal locations were also com-
mon (38%). When location was noted, most femoral tumours
(88%) had a distal location and most tibia tumours (80%) had a
proximal location. Non-conventional osteosarcomas were
very uncommon (3%). Among 1859 patients with available
data on histological type, approximately half had osteoblastic
tumours, but many other histological types were represented
(Table 1 and Supplementary Table 1). One in seven patients
presented with metastases and 1% of cases had local recur-
rences when first seen by the participating team.

Most patients (78%) had combined surgery and chemother-
apy, 14% had surgery alone, 3% had chemotherapy alone and
5% had other combinations or treatments. In surgical man-
agement, about a fifth of the patients underwent amputation.
Chemotherapy was most commonly given both pre- and
post-operatively. An extreme heterogeneity was observed in
chemotherapeutic schemes used by each team. The main
regimens used in various combinations were doxorubicin,
methotrexate, ifosfamide, etoposide, bleomycin, cyclophos-
phamide, dactinomycin and carboplatin. Most patients re-
ceived combination chemotherapy, and in the large majority
this included both anthracycline and platinum. Surgery plus
combination chemotherapy was used in the large majority
of patients. For patients with preoperative chemotherapy we
had available data for the histological response in 1734 pa-
tients. The median (IQR) histological response was 65% (30-
90%). Less than a third (29%) of the patients had histological
response >90%. A total of 1409 patients had been seen after
1990 and had been treated with surgery plus combination
chemotherapy.

Based on the available data, there was no clear association
between tumour size and the type of initial treatment
(p=0.08), or timing of chemotherapy (p = 0.24), but patients
who had amputation had modestly larger tumours than those
who had limb salvage/wide resection procedures (mean [SD]
12.7 (6.0) cm versus 10.5 (5.4) cm, p < 0.001).
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Table 1 - Characteristics of patients included in the study.

Date when seen by the team, N (%)

<1970 286 (11)
1971-1980 112 (4)
1981-1990 537 (20)
1991-2000 1135 (42)
>2000 610 (23)
Males, N (%) 1527 (57)

Median size (IQR) in mm 100 (74-140)

Localisation, N (%)

Femur 1400 (52)
Tibia 638 (24)
Humerus 266 (10)
Others 376 (14)
Site in long bones, N (%)

Distal 946 (56)
Proximal 652 (38)
Diaphysis 72 (4)
Whole bone 26 (2)
Clinical type, N (%)

Conventional 2284 (96)
Paraosteal 59 (2)
Periosteal 25 (1)
Others 9 (1)
Histological type, N (%)

Osteoblastic 1041 (49)
Chondroblastic 309 (15)
Fibroblastic 175 (8)
Telangiectatic 95 (4)
Small cell 15 (1)
Others 479 (23)
Metastasis when first seen, N (%) 362 (13)
Recurrence when first seen, N (%) 36 (1)
Initial treatment, N (%)

Surgery + chemotherapy 2091 (78)
Surgery 385 (14)
Chemotherapy 73 (3)
Surgery + chemotherapy + RT 86 (3)
Others 43 (2)
Type of surgery, N (%)

Limb salvage/wide resection 1891 (77)
Amputation 572 (23)
Timing of Chemotherapy, N (%)

Pre- and post-operatively 1982 (91)
Pre-operatively 35 (2)
Post-operatively 153 (7)
Type of chemotherapy

Both anthracycline and platinum included 1665 (74)
Combination with anthracycline, but without platinum 52 (2)
Combination with platinum, but without anthracycline 14 (1)
Others - not specified 530 (23)
Use of methotrexate

No 601 (27)
Yes 1278 (55)
Not specified 412 (18)
Histological response, N (%)

>90 509 (29)
<90 1225 (71)

IQR: interquartile range, OS: osteosarcoma, NA: not available, S:
surgery, C: chemotherapy, RT: radiotherapy.
Percentages were calculated from available data.

Complete information on dates of the start of the follow-up
and date of event or last follow-up without an event was avail-
able for 2365 patients for mortality, 2286 patients for metasta-
sis and 2285 patients for local recurrence analyses and these
patients were included in the time-to-event analyses that
encompassed 1083 deaths, 867 patients with metastasis
events and 292 patients with local recurrence events. The
large majority of missing data on outcomes pertain to patients
diagnosed before 1970. When limited to patients first seen
after 1990 and receiving surgery and combination chemother-
apy, the analyses included 519 deaths, 481 patients with met-
astatic events and 174 patients with local recurrence events.

3.2.  Mortality

Across the whole collaboration, 5-year mortality risk was 48%.
The results of univariate analyses are given in Supplementary
Table 2. In multivariate analyses (Table 2), survival was worse
with older age (7% relative risk increase per decade) and the
presence of metastases or local recurrence each tripled the
mortality risk. Tumours that were located in the tibia had
26% decreased risk of death than those located in the femur.
Besides these clinical characteristics, compared with patients
treated with both surgery and chemotherapy, addition of
radiotherapy was associated with 92% increased relative risk
of death and amputation was associated with a 76% increased
relative risk versus limb salvage/wide resection procedures.
Patients who received only anthracycline and not platinum
had 79% increased risk of death than those who received both
regimens in their chemotherapy schema. Patients that re-
ceived other chemotherapeutic regimens than those includ-
ing anthracycline and platinum had 45% increased risk of
death. Patients who received methotrexate had 32% increased
risk of death than those in whom methotrexate was not used.
The multivariate model explained 10.6% of the variance. In
multivariate analyses limited to patients first seen after
1990 and receiving standard treatment, the results were sim-
ilar, but the presence of local recurrence did not reach formal
significance; moreover, data were available on response to
chemotherapy and patients with poor response to preopera-
tive chemotherapy had more than double mortality risk (Ta-
ble 2).

3.3. Metastasis

The vast majority of documented metastases (74%) were lo-
cated in lung, followed by bone metastases (10%). The 5-year
risk of metastasis was 45% across the whole collaboration.
The results of univariate analyses are given in Supplementary
Table 3. In multivariate analysis (Table 3), the presence of
metastases when seen by the team increased the risk for a
new metastasis fivefold, but no other clinical or demographic
characteristics were independently associated with metasta-
sis risk. In addition, patients where radiotherapy was added
to the combination of surgery and chemotherapy and pa-
tients who had received chemotherapy not including both
anthracycline and platinum had worse prognosis. The multi-
variate model explained 10.3% of the variance. In multivariate
analyses limited to patients first seen after 1990 and receiving
standard treatment increased risk for metastasis was ob-
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Table 2 - Multivariate analyses for predictors of death in patients with osteosarcoma.

Main analysis® Sensitivity analysis®

HR (95% confidence intervals) p Value HR (95% confidence intervals)  p Value
Calendar year (per decade) NS NS
Age (per year) 1.008 (1.001-1.014) 0.03 NS
Size (per cm) NI NI
Site
Femur Reference Reference
Tibia 0.74 (0.62-0.89) 0.001 0.55 (0.43-0.71) <0.001
Humerus 1.23 (0.97-1.55) 0.08 1.23 (0.90-1.67) 0.20
Others 1.03 (0.82-1.30) 0.80 1.02 (0.73-1.42) 0.91
Clinical type
Conventional Reference Reference
Paraosteal NS NS
Periosteal NS NS
Others NS NS
Histological type
Osteoblastic Reference Reference
Chondroblastic NI NI
Fibroblastic NI NI
Telangiectatic NI NI
Small cell NI NI
Others NI NI
Metastasis when first seen 2.89 (2.36-3.54) <0.001 3.39 (2.62-4.39) <0.001
Local Recurrence when first seen 3.04 (1.60-5.78) 0.001 NS
Initial treatment®
Surgery and chemotherapy Reference NA
Surgery NA
Chemotherapy NA
Surgery + chemotherapy + RT 1.92 (1.35-2.72) <0.001 NA
Others NA
Type of surgery
Limb salvage/wide resection Reference Reference
Amputation 1.76 (1.49-2.07) <0.001 1.85 (1.46-2.35) <0.001
Time of chemotherapy
Pre- and post-operatively Reference Reference
Pre-operatively NI NS
Post-operatively NI NS
Type of chemotherapy
Both anthracycline and platinum Reference Reference
Only anthracycline 1.79 (1.03-3.10) 0.04 S
Only platinum 0.82 (0.26-2.65) 0.74 S
Others - not specified 1.45 (1.09-1.94) 0.01 S
Use of methotrexate
No Reference Reference
Yes 1.32 (1.06-1.64) 0.01 NS
Not specified 0.85 (0.60-1.19) 0.33 NS
Histological response (Reference > 90%)
<90% NI 2.17 (1.63-2.88) <0.001

HR: hazard ratio, RT: radiotherapy, NI: not included (missing information on over 20% of the analysed sample), NS: non-significant, not

selected, NA: non-applicable.

a For both the main and sensitivity analyses, variables are not shown in the table because they were not included in the multivariate model
due to missing information on more than 20% of the patients were tumour size, particular site in long bones, histological type and grade.
b The sensitivity analysis considered patients treated after 1990 with the combination of surgery and chemotherapy of at least two combined

regiments.

¢ In multivariate analysis patients who did not have surgery and chemotherapy were excluded.

served for patients with metastatic disease when seen by the
team, amputation procedures

and poor

response

preoperative chemotherapy, while tumours located in the ti-
bia had lower risk of metastasis (Table 3).
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Table 3 — Multivariate analyses for predictors of metastasis in patients with osteosarcoma.

Main analysis®

Sensitivity analysis®®

HR (95% confidence intervals) p Value HR (95% confidence intervals) p Value
Calendar year (per decade) NS NS
Size (per cm) NI NI
Site
Femur Reference Reference
Tibia NS 0.66 (0.51-0.88) 0.004
Humerus NS 1.04 (0.74-1.46) 0.81
Others NS 0.97 (0.69-1.37) 0.88
Clinical type
Conventional Reference Reference
Paraosteal NS NS
Periosteal NS NS
Others NS NS
Histological type
Osteoblastic Reference Reference
Chondroblastic NI NI
Fibroblastic NI NI
Telangiectatic NI NI
Small cell NI NI
Others NI NI
Metastasis when first seen 5.07 (3.98-6.47) <0.001 6.59 (4.77-9.09) <0.001
Local Recurrence when first seen NS NS
Initial treatment®
Surgery and chemotherapy Reference Reference
Surgery NA
Chemo therapy NA
Surgery + chemotherapy + RT 1.70 (1.18-2.46) 0.004 NA
Others NA
Type of surgery
Limb salvage/wide resection Reference Reference
Amputation 1.64 (1.36-1.97) <0.001 1.56 (1.20-2.03) 0.001
Time of chemotherapy
Pre- and Post-operatively Reference Reference
Pre-operatively NS NS
Post-operatively NS NS
Type of chemotherapy
Both anthracycline and platinum Reference Reference
Only anthracycline 1.21 (0.66-2.21) 0.53 NS
Only platinum 2.10 (0.89-4.96) 0.09 NS
Others - not specified 1.51 (1.26-1.82) <0.001 NS
Histological response
>90% Reference Reference
<90% NI 1.67 (1.29-2.16) <0.001

HR: hazard ratio, RT: radiotherapy, NI: not included (missing information on over 20% of the analysed sample), NS: non-significant, not

selected, NA: non-applicable.

a For both the main and sensitivity analyses, variables are not shown in the table because they were not included in the multivariate model
due to missing information on more than 20% of the patients were tumour size, particular site in long bones, histological type and grade.
b The sensitivity analysis considered patients treated after 1990 with the combination of surgery and chemotherapy of at least two combined

regiments.

¢ In multivariate analysis patients who did not have surgery and chemotherapy were excluded.

3.4. Local recurrence

The 5-year risk of local recurrence was 16% across the whole
collaboration. The results of univariate analyses are given in
Supplementary Table 4. Multivariate analysis (Table 4)

showed a worse prognosis with increasing age, in the pres-
ence of local recurrence when seen by the team and when
chemotherapy regimens were used which included neither
anthracycline nor platinum. The multivariate model ex-
plained 2.7% of the variance. In multivariate analyses limited
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Table 4 - Multivariate analyses for predictors of local recurrence in patients with osteosarcoma.

Main analysis®

Sensitivity analysis?’

HR (95% confidence intervals) p Value HR (95% confidence intervals) p Value
Calendar year (per decade) NS NS
Age (per year) 1.016 (1.004-1.027) 0.006 NS
Site
Femur Reference Reference
Tibia NS NS
Humerus NS NS
Other NS NS
Clinical type
Conventional Reference Reference
Paraosteal NS NS
Periosteal NS NS
Other NS NS
Histological type
Osteoblastic Reference Reference
Chondroblastic NI NI
Fibroblastic NI NI
Telangiectatic NI NI
Small cell NI NI
Other NI NI
Local Recurrence when first seen 8.95 (4.79-16.71) <0.001 9.77 (3.45-27.68) <0.001
Type of chemotherapy
Both anthracycline and platinum Reference Reference
Only anthracycline 1.12 (0.38-3.25) 0.84 NS
Only platinum 0.54 (0.07-4.00) 0.55 NS
Other — not specified 1.66 (1.18-2.34) 0.004 NS
Use of methotrexate
No Reference Reference
Yes NS NS
Not specified NS NS
Histological response (Reference >90%)
<90% NI 2.96 (1.78-4.92) <0.001

HR: hazard ratio, RT: radiotherapy, NI: not included (missing information on over 20% of the analysed sample), NS: non-significant, not

selected, NA: non-applicable.

a For both the main and sensitivity analyses, variables not shown in the table because they were not included in the multivariate model due to
missing information on more than 20% of the patients were tumour size, histological type and grade.
b The sensitivity analysis considered patients treated after 1990 with the combination of surgery and chemotherapy of at least 2 combined

regiments.

to patients first seen after 1990 and receiving standard treat-
ment, the presence of recurrent disease when seen by the
team and poor response to chemotherapy were associated
with increased risk for local recurrence (10 times and 3 times,
respectively) (Table 4).

4, Discussion

This international collaboration has accumulated the largest
database assembled to date on prognostic factors and clinical
outcomes for patients with osteosarcoma. We have been able
to obtain prognostic information for death, metastatic risk
and risk of local recurrence on demographic, clinical and
treatment management factors combining data from sev-
eral centres around the world which treat osteosarcoma

patients. This information may be useful for risk stratification
and for informing the management of patients with
osteosarcoma.

This collaborative analysis is not a discovery exercise, i.e.
we did not set up to identify new prognostic factors, but to val-
idate and appreciate the strength of previously proposed vari-
ables with large-scale evidence. Previous studies have drawn
attention to several of the demographic and clinical predictors
that we have found in our analyses,'®*”~?! including age,° tu-
mour size,*'”*® location,'*?° histological type®®?! and site.®
However, reporting of such associations across different stud-
ies has often been inconsistent (different variables and differ-
ent definitions). Larger studies on prognostic factors of
osteosarcoma *'92223 have been a welcome improvement,
even if they have not all addressed the same prognostic fac-
tors. The currently available predictors seem to explain a
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minority of the variability in outcomes of osteosarcoma. This
means that large studies such as this one and others can be a
useful starting point for assessing the incremental contribu-
tion of new proposed predictive markers beyond what is al-
ready known.

Our analysis also provides insights about the outcomes of
different management options. There is an increasing
number of well-conducted randomised trials in osteosar-
coma,'**2*28 but most report on different chemotherapeutic
regimens used.'*?*? Many treatment decisions such as the
type of initial intervention and the type of surgery are based
largely on empirical observations. The prognostic associa-
tions that we observed are likely to reflect to some extent con-
founding by indication, therefore associations should not be
interpreted as necessarily providing proof of differential clin-
ical effectiveness. The worse prognosis for patients who did
not have any surgery may reflect that these patients were per-
ceived to have worse prognosis and/or were considered inop-
erable. Also patients to whom radiotherapy was added may
have been felt to have been less than optimally treated and/
or had soft tissue mass extension and thus an effort was
made to add some adjunctive treatment. However, we saw
no major difference in tumour size between groups of pa-
tients who had different initial treatments. Our data suggest
that a combination of surgery and chemotherapy should be
the standard of choice and similarly chemotherapy may best
be used both pre- and post-operatively. However, we should
keep in mind that at least one randomised trial of 100 patients
has shown that pre-operative chemotherapy may not im-
prove outcomes.?*

We also observed that patients who had an amputation
had increased risk of death and metastasis than patients
who had limb sparing/wide resection procedures. Amputa-
tion only conferred a marginal benefit against local recur-
rence, but the absolute benefit, if real, would still be small.
While amputation may have been selected for larger tumours
and patients with perceived worse prognosis, the major dif-
ference in outcomes suggests that amputation may not be a
procedure of choice and efforts to avoid it are warranted. Ro-
bust randomised trials would be needed to verify the benefit
of these proposed therapeutic choices, but large-scale obser-
vational evidence may offer some useful information in the
absence of randomised data.’® We documented a clear
improvement in survival in more recent years, but it is diffi-
cult to decipher whether this is a reflection of the improved
management of patients or recruitment of more cases with
good prognosis in more recent cohorts.

Even though our data were more limited for histological
response, we observed that examination of tumour necrosis
was a strong predictor for all major clinical outcomes. How-
ever, our data do not suffice to examine whether particular
chemotherapy regimens are better than others. Besides the
non-randomised nature of our data, chemotherapy regimens
were also extremely variable. Toxicity risk based on experi-
ence from other malignancies where these regimens have
been used may need to be also considered in management
decisions. A trial of 407 patients has shown no survival bene-
fit with multi-drug regimens versus two-drug regimens.?® An-
other trial of 497 patients has shown that intensification of
chemotherapy improves histological response without con-

comitant overall
survival.*

Some other limitations of our study should be acknowl-
edged. First, we made an effort to contact all teams that have
worked and published on osteosarcoma, even with small pa-
tient series, but only 10 teams responded to our invitation.
Unavoidably, the study population is shaped under the selec-
tion forces of each participating centre. Still, this coalition led
to the largest study ever conducted on this malignancy. Sec-
ond, despite making several efforts to maximise harmonisa-
tion and completeness of the information, the extent of
missing information was considerable. This led us to exclude
several factors from the multivariate analyses. Third, correla-
tion between some clinical and management characteristics
may affect the magnitude of the estimated relative risks in
the multivariate model. Fourth, we made no effort to build a
model based on training and perform a separate validation
procedure. We chose the strategy of analysing all data to-
gether with appropriate team stratification so as to maximise
power. For associations with highly significant prognostic ef-
fects, their credibility is likely to be high, although we cannot
exclude modest inflation of some prognostic effect sizes.** As
in any observational analysis, residual confounding cannot be
excluded, but we did consider practically all the major known
postulated risk factors. Fifth, we did not have the ability to
perform standardised pathology reviews on the included
cases. Use of centralised pathology reviewing centre would
be very difficult, and for most cases the histological material
is not available to reappraise. Nevertheless, all the participat-
ing centres have considerable experience in osteosarcoma
and thus errors in diagnosis are quite unlikely.

Acknowledging these caveats, our collaborative analysis
helps understand the prognostic implications of osteosar-
coma. This collaboration can also be a starting point for
addressing also other candidate predictors such as molecular
markers and for examining whether they can offer additional
incremental information on the outcome of this lethal
malignancy.

improvement in progression-free or

Contributions

The idea was generated by J.P.AIL EE.P, ADN,, RJ.G, HDK.
and J.PA.L. wrote the protocol and this was revised by com-
ments from all other co-authors. E.E.P., AD.N., RJ.G. and
J.P.A.IL collected and cleaned the data in communication with
the contributing investigators. E.E.P., A.D.N. and J.P.A.IL. per-
formed the statistical analyses and wrote the first draft. All
other authors also interpreted the results and were invited
to comment on the draft of the manuscript. The final version
was approved by all authors.

Conflict of interest statement

None declared.

Appendix A. Supplementary material

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.ejca.2009.03.005.


http://dx.doi.org/10.1016/j.ejca.2009.03.005

EUROPEAN JOURNAL OF CANCER 45 (2009) 2367-2375

2375

REFERENCES

10.

11.

12.

13.

14.

15.

. Marina N, Gebhardt M, Teot L, Gorlick R. Biology and

therapeutic advances for pediatric osteosarcoma. Oncologist
2004;9:422-41.

. Stark A, Kreicbergs A, Nilsonne U, Silfverswird C. The age of

osteosarcoma patients is increasing. An epidemiological
study of osteosarcoma in Sweden 1971 to 1984. ] Bone Joint Surg
Br 1990;72:89-93.

. Dahlin DC, Coventry MB. Osteogenic sarcoma. A study of six

hundred cases. ] Bone Joint Surg Am 1967;49:101-10.

. Price CH. Primary bone-forming tumours and their

relationship to skeletal growth. J Bone joint Surg Br 1958;40-
B:574-93.

. Tucker MA, D’Angio GJ, Boice Jr JD, et al. Bone sarcomas

linked to radiotherapy and chemotherapy in children. New
Engl ] Med 1987;317:588-93.

. Friend SH, Bernards R, Rogelj S, et al. A human DNA segment

with properties of the gene that predisposes to
retinoblastoma and osteosarcoma. Nature 1986;323:643-6.

. Toguchida ], Yamaguchi T, Dayton SH, et al. Prevalence and

spectrum of germline mutations of the p53 gene among
patients with sarcoma. New Engl ] Med 1992;326:1301-8.

. Hicks MJ, Roth JR, Kozinetz CA, Wang LL. Clinicopathologic

features of osteosarcoma in patients with Rothmund-
Thomson syndrome. ] Clin Oncol 2007;25:370-5.

. Yamamoto H, Nakayama T, Murakami H, et al. High

incidence of SV40-like sequences detection in tumour and
peripheral blood cells of Japanese osteosarcoma patients. Brit
J Cancer 2000;82:1677-81.

Bacci G, Forni C, Longhi A, et al. Local recurrence and local
control of non-metastatic osteosarcoma of the extremities: a
27-year experience in a single institution. J Surg Oncol
2007;96:118-23.

Damron TA, Ward WG, Stewart A. Osteosarcoma,
chondrosarcoma, and Ewing’s sarcoma: National Cancer Data
Base Report. Clin Orthop Relat Res 2007;459:40-7.

Le Deley MC, Guinebretiére JM, Gentet JC, et alSociété
Francaise d’Oncologie Pédiatrique (SFOP). SFOP 0S9%4: a
randomised trial comparing preoperative high-dose
methotrexate plus doxorubicin to high-dose methotrexate
plus etoposide and ifosfamide in osteosarcoma patients. Eur J
Cancer 2007;43:752-61.

Petrilli AS, de Camargo B, Filho VO, et alBrazilian
Osteosarcoma Treatment Group Studies III and IV. Results of
the Brazilian Osteosarcoma Treatment Group Studies III and
IV: prognostic factors and impact on survival. J Clin Oncol
2006;24:1161-8.

Lewis IJ, Nooij MA, Whelan J, et alMRC BOO6 and EORTC 80931
collaborators; European Osteosarcoma Intergroup.
Improvement in histologic response but not survival in
osteosarcoma patients treated with intensified
chemotherapy: a randomized phase III trial of the European
Osteosarcoma Intergroup. J Natl Cancer Inst 2007;99:112-28.
Rosen G, Caparros B, Huvos AG, et al. Preoperative
chemotherapy for osteogenic sarcoma: selection of
postoperative adjuvant chemotherapy based on the response

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

of the primary tumor to preoperative chemotherapy. Cancer
1982;49:1221-30.

Salzer-Kuntschik M, Brand G, Delling G. Determination of the
degree of morphological regression following chemotherapy
in malignant bone tumors. Pathologe 1983;4:135-41.

. Bieling P, Rehan N, Winkler P, et al. Tumor size and prognosis

in aggressively treated osteosarcoma. J Clin Oncol
1996;14:848-58.

Lindner NJ, Ramm O, Hillmann A, et al. Limb salvage and
outcome of osteosarcoma. The University of Muenster
experience. Clin Orthop Relat Res 1999;358:83-9.

Bielack SS, Kempf-Bielack B, Delling G, et al. Prognostic
factors in high-grade osteosarcoma of the extremities or
trunk: an analysis of 1,702 patients treated on neoadjuvant
cooperative osteosarcoma study group protocols. J Clin Oncol
2002;20:776-90.

Bentzen SM, Poulsen HS, Kaae S, et al. Prognostic factors in
osteosarcomas. A regression analysis. Cancer 1988;62:194-202.
Hauben EI, Weeden S, Pringle J, Van Marck EA, Hogendoorn
PC. Does the histological subtype of high-grade central
osteosarcoma influence the response to treatment with
chemotherapy and does it affect overall survival? A study on
570 patients of two consecutive trials of the European
Osteosarcoma Intergroup. Eur J Cancer 2002;38:1218-25.

Ford S, Saithna A, Grimer RJ, Picci P. Comparison of the
outcome of conventional osteosarcoma at two specialist
international orthopaedic oncology centres. Sarcoma
2004;8:13-8.

Kim MS, Cho WH, Song WS, Lee SY, Jeon DG. Time
dependency of prognostic factors in patients with stage II
osteosarcomas. Clin Orthop Relat Res 2007;463:157-65.

Goorin AM, Schwartzentruber D], Devidas M, et alPediatric
Oncology Group. Presurgical chemotherapy compared with
immediate surgery and adjuvant chemotherapy for
nonmetastatic osteosarcoma: Pediatric Oncology Group Study
POG-8651. J Clin Oncol 2003;21:1574-80.

Makley JT, Krailo M, Ertel IJ, et al. The relationship of various
aspects of surgical management to outcome in childhood
nonmetastatic osteosarcoma: a report from the Children’s
Cancer Study Group. ] Pediatr Surg 1988;23:146-51.

Meyers PA, Schwartz CL, Krailo MD, et alChildren’s Oncology
Group. Osteosarcoma: the addition of muramyl tripeptide to
chemotherapy improves overall survival - a report from the
Children’s Oncology Group. J Clin Oncol 2008;26:633-8.
Meyers PA, Schwartz CL, Krailo M, et al. Osteosarcoma: a
randomized, prospective trial of the addition of ifosfamide
and/or muramyl tripeptide to cisplatin, doxorubicin, and
high-dose methotrexate. J Clin Oncol 2005;23:2004-11.

Simon MA, Aschliman MA, Thomas N, Mankin HJ. Limb-
salvage treatment versus amputation for osteosarcoma of the
distal end of the femur. 1986. ] Bone Joint Surg Am
2005;8712:2822.

Souhami RL, Craft AW, Van der Eijken JW, et al. Randomised
trial of two regimens of chemotherapy in operable
osteosarcoma: a study of the European Osteosarcoma
Intergroup. Lancet 1997,350:911-7.

loannidis JP, Haidich AB, Pappa M, et al. Comparison of
evidence of treatment effects in randomized and
nonrandomized studies. JAMA 2001;286:821-30.



	Prognostic factors and outcomes for osteosarcoma: An international collaboration
	Introduction
	Materials and methods
	Construction of the consortium
	Data: definitions and standardisations
	Outcomes
	Statistical analysis

	Results
	Characteristics of eligible patients
	Mortality
	Metastasis
	Local recurrence

	Discussion
	Contributions
	Conflict of interest statement
	Supplementary material
	References


