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2.1 Introduction

2.1.1 Survival in osteosarcoma and the importance of 
prognostication

Since the 1970’s, survival in patients with high grade osteosarcoma has improved 

from around 15% to 60-70%(2), and has even been reported to be 93% in one 

population(3). This improvement is generally attributed to the development of 

adjuvant and neo-adjuvant chemotherapy(4-8). The possibility of downgrading 

tumors before operation facilitated the evolution of reconstruction methods after 

tumor resection. Whereas up to the late seventies 80% of patients with an extremity 

osteosarcoma ended up with an amputation, nowadays limb saving surgery is 

possible in 90% of patients(9). Decision making has become multifactorial with 

this. Some (especially biological) reconstruction methods, have excellent long term 

results but require a long (up to 2 year) rehabilitation time, whereas others, such 

as endo-prosthetic replacements, allow early mobilization but have problems in 

the long term(9). A reasonably accurate estimate of survival chance for patients 

early in treatment would be helpful in counseling patients and their parents and in 

therapeutic decision making. Choice and possibly change of chemotherapy and of 

surgical approach could be tailored to the patient.

2.1.2 Prognostic factors 

Chemotherapy response has always been the most important, and most consistently 

reported, predictor for survival(1;2;5;6;8;10;11). Prognostication in individual patients 

remains a problem. Many prognostic factors in osteosarcoma have been reported. 

The studies however vary significantly in methodology and quality. Several reviews 

have been done addressing specific factors(12-15), but their conclusions are cautious 

because of heterogeneity of the included studies. Attempts to review the complete 

range of relevant factors are sparse. In 1997 Saeter gave a narrative overview about 

most known factors(16). Stage at diagnose was considered to be the most important 

predictive factor, followed by chemotherapy response, tumor volume, old age, sex, 

and possibly p-glycoprotein expression.

In 1994 Davis et al published a systematic review giving an overview of the literature 

until 1992(1). Studies were included concerning patients with non-metastatic, 

high-grade, osteosarcoma of extremities, treated with chemotherapy and surgery. 

A critical appraisal was done on the methodological quality of included studies. 

Prognostic factors were analyzed only if they were at least considered in 4 of the 

included studies. Eventually 8 papers were included in this review. Analyzed factors 

were age, sex, tumor location, tumor size and necrosis after chemotherapy. Their 
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conclusion was that chemotherapy response was the only proven independent factor 

predicting survival. 

2.1.3 Aim of the study 

The objective of our current systematic review was to elaborate on the work of 

Davis and colleagues, to try and identify new independent predictive factors, and to 

investigate whether meta-analysis of the results of different studies was possible, in 

order to establish pooled estimates of the effect of specific predictive factors. 

2.2 Methods

2.2.1 Search strategy and study selection 

MEDLINE and Embase were searched for eligible studies published in English, French 

or German between January 1992 and August 2006. We applied the following 

search strategy: [“osteosarcoma” OR “osteogenic sarcoma”] AND [“prognosis” OR 

“survival”]. Reports were selected, specifically addressing factors predicting survival 

in osteosarcoma patients. Inclusion was limited to patients with non-metastatic, high 

grade, primary osteosarcoma of an extremity. 

2.2.2 Quality assessment and analysis

For all included studies we assessed methodological quality(17) (Table 2.1) and 

abstracted data. Data were recorded on a standardized form. Information was 

collected on patient characteristics, prognostic factors, adjusted relative risks for 

death (event free survival or overall survival), and timing of follow-up measurements. 

Study selection, assessment of methodological quality and data extraction were 

done by two reviewers independently. Disagreements were resolved by discussion 

with a 3rd reviewer. 

Studies fulfilling all these quality criteria were selected for further meta-analysis. 

Studies for which the participants, prognostic factors, outcome measures, timing 

of follow-up measurements and adjustments for confounders were considered 

to be sufficiently similar were combined. We pooled adjusted relative risks of 

each prognostic factor by the use of a random effects model. To assess statistical 

heterogeneity we used the Chi-square test (p-value < 0.10) and heterogeneity 

was quantified by the I2 statistic. In case of statistical heterogeneity, we explored 

sources of heterogeneity by meta-regression analysis. Meta-analysis was done by the 

use of Review Manager (RevMan [Computer program]. Version 4.2 for Windows. 

Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2003) and 

SPSS version 11.5 (SPSS, Chicago, IL). Studies that were clinically heterogeneous 
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or did not present the data in sufficient detail to enable statistical pooling were 

qualitatively summarized. The level of evidence of studies was determined according 

to Harbour at al(18).

2.3 Results

2.3.1 Search results and inclusion of papers

The search resulted in 1777 “hits”, of which 93 were included. Sufficient follow-up 

(>90% completeness, >3 years) was absent in 60% of these studies. No multivariate 

analysis had been performed in 41%, no representative patient sample had been 

addressed in 35%. Ninety-four percent of rejected papers had more than one 

methodological flaw. Thirteen papers (6%) met all quality criteria mentioned in Table 

2.1, and were included in the meta-analysis. 

Although the majority of papers could not be included in our detailed analysis, many 

potentially interesting prognostic factors were found. An overview of these is given 

in  the addendum at the end of this thesis, and is briefly considered in the discussion 

section. Among the included 13 papers, 2 concerned a double and 1 a five-fold 

publication of the same patient group (Glasser(8;19), Bielack(6) and Bieling(20), 

Bacci(5;21-23) and Ferrari(24)). Of those publications, the most recent were used, 

which in all cases also was the most complete one. In the study of Bielack et al(6), 

patients with primary metastatic disease, and patients with axial osteosarcomas were 

included as well, but because the group with extremity osteosarcoma was analyzed 

separately, and primary metastasis was analyzed as a factor in multivariate analysis, 

we felt this study could still be included. 

Table 2.1- Methodological criteria for inclusion in the meta-analysis*

1 Study participation Clearly defined patient sample, assembled at common 
point in course of the disease
Dates of researched period stated

2 Study attrition Sufficiently long and complete follow-up (≥3 years and 
≥90% )
Explaining reasons for patients being lost to follow-up

3 Prognostic factor measurement Clear definition and valid assessment of prognostic 
factors

4 Outcome measurement Well defined outcome parameters (Survival: overall, 
metastasic free, event free)

5 Confounding measurement and account Clearly defined and comparable treatment for patients
Confounding factors are accounted for in analysis

6 Analysis Valid statistical analysis is done
Multivariate analysis is done

*adopted from Hayden et al(17)
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2.3.2 Characteristic of included studies and prognostic factors

Seven studies were included in the review(2;5;8;10;11;25). All were retrospective, 

with a low chance of bias (level of evidence of 2+ or 2++)(18). Sample size varied 

from 81 to 1702 patients. Most authors addressed event free survival (EFS), except 

for Smeland(25) (metastasis free survival), and Akatsuka(10) and Bielack(6), who 

addressed both EFS and overall survival. Because in the latter study an unclear 

margin after resection was regarded as an event, this factor could only be analyzed 

for overall survival. 

Table 2.2 - Overview of prognostic factors, tested in the 7 included studies by 
Uni- or Multivariate analyzis

Akatsuka(10)
(n=81; EFS+OS)

Bacci(5)
(n=789; EFS)

Baldini(11)
(n=92; EFS)

Bielack(6)
(n=1320; EFS+OS)

Glasser(8)
(n=216; EFS)

Smeland(25)
(n=113; MFS)

Weeden(2)
(n=368; OS)

UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA

Age* ns (14) - s (14) s ns (14) - s (40) ns ns (21) ns ns (15) ns ns (12;16) -

Gender ns - ns - ns - ns - ns ns s s ns -

Duration of symptoms - - - - - - ns - - - - - - -

Year of diagnosis s s - - - - - - - - - - - -

Primary or secondary os - - - - - - ns - - - - - - -

Tumour location ns - ns - ns - s s s ns ns - ns ns

Tumour size / volume - - s(v) s - - s(s) ns - - s (v) s(v) - -

Osteosarcoma subtype ns - s ns ns - - - ns ns ns - - -

Alkaline phosphatase - - s s - - - - - - ns - - -

Lactate dehydrogenase - - - - - - - - - - ns - - -

P-glycoprotein - - - - s s - - - - - - - -

Erb2-expression s s - - - - - - - - - - - -

Pathological fracture - - ns - - - - - ns ns - - - -

Serum methotrexaat level - - - - - - - - - - ns s - -

chemotherapy protocol s ns s s - - - - - - ns ns - -

Delay of therapy - - - - - - ns - - - - - - -

Treatment duration - - - - - - - - - - ns - - -

Chemotherapy response s ns s s ns s s s s s s ns - s

Timing of surgery - - - - - - ns - - - - - - -

Surgery type S s ns ns - - ns - - - ns - s s

Surgical margin - - s s ns - s s - - ns - - -

Local recurrence - - - - - - - - - ns - - - s

uva = univariate analyzis , - = not tested, MFS = Metastatic free survival, mva = multivariate analyzis, * = 
cut off point in years between brackets, ns = not significant, EFS =  Evidence free survival, s = significant, 
OS = Overall survival
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Each of the studies evaluated a different combination of prognostic factors. 

All authors evaluated age as a factor in the univariate analysis, but only 4 did this in 

a multivariate analysis, using different cut-off points. Tumor location was analyzed 

by all authors, but 4 types of categorization were used. Chemotherapy response 

was analyzed in a more similar way. Weeden et al(2) analyzed the effect of local 

recurrence as a fixed co-variate, a time-dependant co-variate and in a landmark 

analysis. Because histological response was only taken into the analysis with local 

recurrence as a time-dependent variable, we used this analysis in the review. Surgical 

margin was evaluated in multivariate analysis by Bacci(5), who used the Enneking 

Table 2.2 - Overview of prognostic factors, tested in the 7 included studies by 
Uni- or Multivariate analyzis

Akatsuka(10)
(n=81; EFS+OS)

Bacci(5)
(n=789; EFS)

Baldini(11)
(n=92; EFS)

Bielack(6)
(n=1320; EFS+OS)

Glasser(8)
(n=216; EFS)

Smeland(25)
(n=113; MFS)

Weeden(2)
(n=368; OS)

UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA UVA MVA

Age* ns (14) - s (14) s ns (14) - s (40) ns ns (21) ns ns (15) ns ns (12;16) -

Gender ns - ns - ns - ns - ns ns s s ns -

Duration of symptoms - - - - - - ns - - - - - - -

Year of diagnosis s s - - - - - - - - - - - -

Primary or secondary os - - - - - - ns - - - - - - -

Tumour location ns - ns - ns - s s s ns ns - ns ns

Tumour size / volume - - s(v) s - - s(s) ns - - s (v) s(v) - -

Osteosarcoma subtype ns - s ns ns - - - ns ns ns - - -

Alkaline phosphatase - - s s - - - - - - ns - - -

Lactate dehydrogenase - - - - - - - - - - ns - - -

P-glycoprotein - - - - s s - - - - - - - -

Erb2-expression s s - - - - - - - - - - - -

Pathological fracture - - ns - - - - - ns ns - - - -

Serum methotrexaat level - - - - - - - - - - ns s - -

chemotherapy protocol s ns s s - - - - - - ns ns - -

Delay of therapy - - - - - - ns - - - - - - -

Treatment duration - - - - - - - - - - ns - - -

Chemotherapy response s ns s s ns s s s s s s ns - s

Timing of surgery - - - - - - ns - - - - - - -

Surgery type S s ns ns - - ns - - - ns - s s

Surgical margin - - s s ns - s s - - ns - - -

Local recurrence - - - - - - - - - ns - - - s

uva = univariate analyzis , - = not tested, MFS = Metastatic free survival, mva = multivariate analyzis, * = 
cut off point in years between brackets, ns = not significant, EFS =  Evidence free survival, s = significant, 
OS = Overall survival
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classification(26), and by Bielack(6), who defined a clear margin if all tumor tissue 

was macroscopically completely resected.  

In most cases multivariate analysis was done exclusively on factors that were found 

to be significant in the univariate analysis (table 2.2). Moreover, most authors only 

reported the effect estimates of factors that were significant in the multivariate 

analysis.

Table 2.3 presents the relative risks for death of the various prognostic factors and 

their p-values. Factors that were independently predictive for a worse outcome 

were poor response to chemotherapy(2;5;6;8;11), larger tumors (size or volume)

(5;25), incomplete tumor excision(5;6), ablative surgery(2;10), age under 14 years(5), 

male gender(25), high alkaline phophatase(5), local recurrence(2), p-Glycoprotein 

expression(11), and absent Erb2 expression(10).

2.3.3 Pooling of study results

Figure 2.1 presents the pooled results for factors that were reported more than once. 

Poor chemotherapy response (pooled RR = 2.37; 95% confidence interval [95% 

CI] 2.07 – 2.70), large tumor volume (pooled RR = 1.36; 95%-CI 1.18 – 1.58) and 

ablative surgery (pooled RR= 2.18; 95%-CI 1.58 – 3.00) were predictors of a bad 

outcome. For absence of an adequate surgical margin there was vast heterogeneity 

Table 2.3 - Adjusted relative risk (RR) for death, and p-values (between brackets) of the various 
prognostic factors

Akutsaka(10)
EFS

Bacci(5)
EFS

Baldini(11)
EFS

Bielack(6)
OS

Glasser(8)
EFS

Smeland(25)
MFS

Weeden(2)
OS

Number of patients 81 789 92 1320 216 113 368

RR Poor chemotherapy response 1,92 (0.14) 2(<0.01) 2,25 (0.04) 2.57 (<0.01) 4.9 (<0.01) - 2.19 (<0.01)

RR age < 14 - 1.3 (0.044) - - - - -

RR Male gender - - - - - 3.7 (0.002) -

RR Osteoblastic subtype - - - - - - -

RR “large” tumour - 1.4 (0.01) - 1.22 (0.068) - 2.4 (0.017) -

RR proximal  location - - - 1.52 (<0.01) - - -

RR high alkaline phosphatase - 2.1 (<0.01) - - - - -

RR Ablative surgery 3.39 (<0.01) - - - - - 2 (<0.01)

RR non radical excision - 1.3 (0.044) - 3.6 (<0.01) - - -

RR local recurrence - - - - - - 3.26 (<0.01)

RR p-glycoprotein expression - - 3.37 (<0.01) - - - -

RR No Erb-2 expression 2.24 (0.03) - - - - - -

EFS = evidence free survival, RR = relative risk, OS = overall survival, - = not tested, MFS = metastatic 
free survival
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(i2=93.4%). Because of this no pooling was performed. The RRs were 1.3 (95%-CI 

0.99 – 1.70) and 3.6 (95%-CI 2.33 – 5.57).

2.4 Discussion

2.4.1 Scope of the review

Our aim was to systematically study the literature after 1992 to find out whether 

new factors had proven to be of predictive value for survival in osteosarcoma, and 

whether new studies could elicit more about the value of known factors. Contrary 

to Davis(1), we chose not to limit ourselves to factors reported at least four times. 

It was decided to include only papers specifically addressing prognostic factors. By 

doing so, possibly valuable studies were missed, reporting about prognostic factors 

as secondary product of research. This literature however is diverse, and the studies 

are not designed to properly investigate prognostic factors. 

Another choice was to exclude papers without multivariate analysis. Almost none 

of the published papers provided raw data, and if they did usually it concerned 

only very small patient samples. Because of this, only multivariate analysis gives the 

opportunity to see whether studied factors independently predict outcome, and only 

in this way an attempt of pooling of study results could be done.  The decision to 

Table 2.3 - Adjusted relative risk (RR) for death, and p-values (between brackets) of the various 
prognostic factors

Akutsaka(10)
EFS

Bacci(5)
EFS

Baldini(11)
EFS

Bielack(6)
OS

Glasser(8)
EFS

Smeland(25)
MFS

Weeden(2)
OS

Number of patients 81 789 92 1320 216 113 368

RR Poor chemotherapy response 1,92 (0.14) 2(<0.01) 2,25 (0.04) 2.57 (<0.01) 4.9 (<0.01) - 2.19 (<0.01)

RR age < 14 - 1.3 (0.044) - - - - -

RR Male gender - - - - - 3.7 (0.002) -

RR Osteoblastic subtype - - - - - - -

RR “large” tumour - 1.4 (0.01) - 1.22 (0.068) - 2.4 (0.017) -

RR proximal  location - - - 1.52 (<0.01) - - -

RR high alkaline phosphatase - 2.1 (<0.01) - - - - -

RR Ablative surgery 3.39 (<0.01) - - - - - 2 (<0.01)

RR non radical excision - 1.3 (0.044) - 3.6 (<0.01) - - -

RR local recurrence - - - - - - 3.26 (<0.01)

RR p-glycoprotein expression - - 3.37 (<0.01) - - - -

RR No Erb-2 expression 2.24 (0.03) - - - - - -

EFS = evidence free survival, RR = relative risk, OS = overall survival, - = not tested, MFS = metastatic 
free survival

Systematic Review of the Literature

29

chapter

2

proefschrift Brammer.indb   29 15-4-2010   16:10:56



limit papers to those about non-metastatic, high grade, extremity osteosarcomas 

was taken because this group of patients, which is the majority of osteosarcoma 

patients, is treated very uniformly, making comparisons valid. In patients with axial or 

metastatic osteosarcoma, treatment varies widely, making comparisons impossible.  

FIGURE 2.1 Pooled relative risk of death or recurrence for poor chemotherapy response (A), large 
tumor size (Bielack) or volume (Bacci, Smeland) (B), and ablative surgery (C).

A

C

B
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Papers were still considered for inclusion if the groups with axial or metastatic disease 

were analysed separately or in multivariate analysis. 

With these limitations we tried to optimize the chance of being able to pool study 

results. 

2.4.2 Overview of prognostic factors in the literature 

In the literature since 1992, some factors were only sporadically reported, but some 

were consistently reported by several authors to have a predictive value. Known 

factors, such as more proximal location and larger tumors were regarded as a poor 

sign, but were inconsistently reported(2;5;6;8;10;19;25;27-37). A uniform definition 

differentiating between large and small tumors does not exist. Chemotherapy 

response, although usually seen as the most reliable factor, is not found to be 

predictive by all authors(10;25;38-41). 

The newly reported factors are mostly “indirect” factors, like protein expression in 

serum or genetic imbalances of tumor tissue.  Most promising among these seem 

to be the high expression of p-glycoprotein(11;42-47), expression of the human 

epidermal growth factor receptor 2 (HER2)(10;48-51), expression of vascular 

endothelial growth factor (VEGF)(38;52-54),  and loss of heterogeneity of the 

Rb-gene(55). 

 It is possible that some of these factors may be of true predictive value, but it is 

important to keep in mind that the majority of these studies had methodological 

flaws. Because of this, simply counting the papers with a supposed predictive value 

is dangerous. Valid conclusions can not yet be drawn from this part of the literature.  

2.4.3 Discussion of the 7 included studies  

The 7 studies that could be included in the current review were all of high 

methodological quality. Still, some peculiarities struck us studying them.

Akutsaka et al(10) report increased expression of the transmembrane glycoprotein 

ErbB2 to be the only independent predictor for better survival in their patients. 

Multivariate analysis however, also shows limb saving surgery to be a significant 

independent predictor for better event free survival, but not for overall survival. 

Tumor size is not taken into the multivariate analysis and could bias these results as 

the authors state in their discussion.

In Baldini’s study(11), p-glycoprotein expression is associated with a decrease in 

event free survival. Strangely enough in this study, chemotherapy response is 

significantly related to event free survival in the multivariate analysis, but not in the 

univariate analysis. The authors conclude that both p-glycoprotein expression and 

chemotherapy response are independent prognostic factors.
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Weeden et al(2) analyzed the effect of local recurrence as fixed co-variate, 

time-dependent co-variate and in a landmark analysis. As the authors explain, the 

influence of local recurrence will probably be underestimated if local recurrence is 

being analyzed as a fixed co-variate,  because patients who have a bad prognosis 

and die early in the course of their disease might not have had the time to develop 

local recurrence. Landmark analysis, as the authors performed, eliminates this 

bias. However, the authors include histological response to chemotherapy only 

in an analysis with local recurrence as a time-dependent co-variate, not in their 

landmark analysis, and still conclude histological response and local recurrence to be 

independent predictive variables. 

In the group of patients with an extremity osteosarcoma Bielack(6) finds inadequate 

surgical margins, poor chemotherapy response, proximal tumor location, and tumor 

size independent prognostic factors. However, as inadequate surgical margin is 

considered an event, the most complete analysis, including this factor, is on overall 

survival only. Although the authors do not describe this in their conclusions, tumor 

size seems to lose its independent predictive value in this last multivariate analysis.

A major concern is the heterogeneity of the studies and of the reported data. The 

difference in cut off points for various factors may make the pooled results less reliable. 

Although for chemotherapy response, tumor size and type of surgery the statistical 

heterogeneity in our included studies was acceptable, in general this methodological 

heterogeneity might hamper pooling of study results. Different authors report on 

different sets of factors in their multivariate analysis making pooling of results less 

valuable. Because of the relatively small sample sizes in the included studies, even 

very powerful prognostic factors may not have become significant(56) and may 

have been left unreported. If the non-significant results could have been pooled, 

more precise estimates of the effect might have been possible. On the other hand, 

because usually the actual figures about prognostic factors only were published if 

they appeared to be significant, the pooled relative risks that we calculated from 

these publications might be overestimated (outcome bias).

2.4.4 What can be concluded?  

Notwithstanding numerous publications on prognostication in osteosarcoma, 

predicting survival chance for individual patients remains very difficult. Osteosarcoma 

is a rare disease with an incidence of around 3 per million(57). For evaluation of 

prognostic factors, long term results are needed. For these reasons, reports about 

prognostic factors are almost entirely based on historic patient cohorts. Early reports 

are mostly about small series from single institutions. Nowadays, bone tumor 

treatment is more and more concentrated in specialized centers, and in multicenter 
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co operations. Recent literature therefore can report about larger patient populations, 

leading to more powerful inferences.  

Reliable meta-analysis of prognostic factors in osteosarcoma is still hampered by the 

heterogeneity of study designs and reporting. 

From the available information in the literature one may assume that chemotherapy 

response is an independent prognostic factor, a poor response increasing the risk 

for dying of the disease possibly approximately 2.4 times. Other factors that are 

presumably independently predicting a worse outcome are large tumors, inadequate 

excision margin, ablative surgery, age under 14 years, male gender, high alkaline 

phophatase, local recurrence, p-Glycoprotein expression, and absent Erb2 expression. 

Pooled relative risks could not be calculated for these factors. 

There is an urgent need for methodologically high quality studies with more uniform 

study design and more uniform reporting. Results of all factors studied should be 

reported, whether significant or not. It would be most useful if raw data could be 

made available eg in collaborative databases. Cooperative studies that are being 

conducted at the moment, such as the EurAmos initiative, will hopefully improve 

the situation to eventually enable combining of data and possibly make individual 

prognostication more accurate.
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