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Abstract
Background: Osteosarcoma is one of the most malignant primary bone cancers, while is rarely reported in China.
Of note, very few data of prognosis has been documented in this region. Thus, we carried a retrospective study to
identify prognostic factors and to analyze outcomes in patients of both classic and non-classic high-grade osteosarcomas.
Classic osteosarcoma is defined as of high-grade histology, age below 40 years, with extremity localized primary tumor,
and without detectable metastasis at primary diagnosis.
Methods: A total of 98 patients (68 classic and 30 non-classic) aged from 4 to 64 years old were diagnosed as high-grade
osteosarcoma from 2008 to 2015 in Nanfang Hospital, Guangzhou, China. Univariate and multivariate analyses
were performed to identify the independent predictors for overall survival and event-free survival. Kaplan-Meier
method was used for survival analysis.
Results: The median overall survival was 117 vs. 21 months, and the median event-free survival was 31 vs. 6 months in
classic and non-classic osteosarcoma, respectively. The most frequently found tumor site was around the knee. The classic
osteosarcoma had better overall survival and event-free survival than the non-classics. Tumor site and primary metastasis
were found to be associated with overall survival and event-free survival in the univariate analysis. In the multivariate Cox
regression analysis, tumor site and primary metastasis were each verified as independent prognostic factors. However, no
similar result was found in elevated serum alkaline phosphatase or lactate dehydrogenase. Amputation or limb salvage
surgery had no significant effect on overall survival and event-free survival in the extremity osteosarcomas. Classic
osteosarcomas with extremity tumor site and free of primary metastasis exhibited better overall survival and
event-free survival, while the axial and metastatic non-classics exhibited the worse.
Conclusions: The extremity classic osteosarcomas have better survivals than the axial non-classic cases. Amputation and
limb salvage surgery make no significant change in overall survival and event-free survival in the extremity osteosarcomas.
Trial registration: Nanfang2013071; Date of registration: 7 September 2013 (retrospectively registered).
Keywords: Osteosarcoma, Overall survival, Event-free survival, Extremity, Axial

Background
Osteosarcoma is one of the most malignant human primary
bone cancers, which mainly affects children and adolescents
with a median age of about 20 years old. The incidence rate
is rare in China with only about 3 per million persons every
year. This fact is probably the reason why few data of
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osteosarcoma was documented or analyzed referring to
the prognosis in this region.
Advances in the clinical management of osteosarcoma,
specifically the introduction of multiagent chemotherapy in
combination with surgery, had led to dramatic prognostic
improvements in 5-year survival rates from less than 20%
to 55–80% in the 1980s [1, 2]. Several international studies
have demonstrated that MAP (high-dose methotrexate,
doxorubicin, and cisplatin) regimen was the most effective
chemotherapy against osteosarcoma [3–5]. However,
additional improvements in survival rates have not been
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achieved in the last 30 years [6], and there are still controversies in some aspects concerning prognostic evaluation
and therapeutic approaches [2, 7–21]. For example, it
remains unknown whether elevated serum alkaline
phosphatase (ALP) or lactate dehydrogenase (LDH) can
be regarded as independent prognostic factors. In the
extremity osteosarcomas, no consensus has been reached
on whether patients can benefit from amputation or limb
salvage surgery. Furthermore, very limited information is
known about survival and prognostic factors in patients
across all subgroups of osteosarcomas because most of the
previous studies predominantly focused on “classic osteosarcoma”, which should merit the whole criteria of age <
40 years old, high-grade histology, extremity localized
primary tumor, and no detectable metastasis at primary
diagnosis [22]. The “non-classic osteosarcoma” was
defined as primary metastatic disease, non-extremity
localization, or age > 40 years [22].
Therefore, we conducted a retrospective study covering
both classic and non-classic osteosarcoma in our center,
which is located in the South China. The aim of this study
is to find out the prognostic factors of osteosarcoma and
to analyze the overall survival (OS) and event-free survival
(EFS) in different patient subgroups.

adopt the uniform MAP regimen, including high-dose
methotrexate (8 to12 g/m2 per course with leucovorin
rescue), doxorubicin (90 mg/m2 per course), and cisplatin
(75 to 90 mg/m2 per course). When diseases progressed,
ifosfamide, etoposide, cyclophosphamide, vincristine, paclitaxel, and dacarbazine were used in various combinations
as next-line chemotherapies. The total duration of chemotherapy ranged from 6 to 10 months.

Methods

Statistical analysis

Patients

Data was censored on March 31, 2016. Descriptive
statistics were presented with mean ± SD or median for
continuous variables and percentages for categorical
variables. Univariate survival analysis was carried out
using Kaplan-Meier method and compared by the log-rank
test. Multivariate Cox-regression analysis was used to
identify independent prognostic factors [2, 23, 25, 26].
Chi-square test was used for comparison of categorical
variables and independent samples’ T test (normal distribution) or Mann-Whitney U test (abnormal distribution)
for continuous variables. ANOVA (analysis of variance) was
used to test the difference of the mean of two or more
samples. OS was calculated from the date of diagnosis
to the date of death from any cause or last visit. EFS
was calculated from the date of diagnosis to the date of
disease relapse, or progression, or death from any cause,
whichever occurred firstly, or last visit. All statistical analyses were carried out using SPSS statistics (version 22).
Statistical significance was defined as P ≤ 0.10 in univariate
analysis and P < 0.05 in other analysis.

From January 2008 to December 2015, patients histologically diagnosed as high-grade osteosarcoma were treated
at Nanfang Hospital, Southern Medical University,
Guangzhou, China. Inclusion criteria were as follows:
(1) patients treated with neoadjuvant chemotherapy,
surgery, and adjuvant chemotherapy and (2) patients
with chemotherapy protocols containing MAP (high-dose
methotrexate, doxorubicin, and cisplatin) regimen. Patients
who received less than 6 months of chemotherapy and
discontinued therapy without disease progression or death
were excluded from this study, while those who reached
death or progression of disease were included in this study.
In total, 98 patients that merit the criteria were enrolled
and followed up. Survival status was ascertained through
examination in the outpatient clinic or telephone interviews. This study was approved by the Nanfang Hospital
Ethics Review Board with the consent of each patient.
Diagnosis and treatments

All osteosarcoma diagnoses were confirmed by histopathology. All patients followed neoadjuvant chemotherapy,
definitive surgery, and adjuvant chemotherapy. The types of
surgery for extremity tumors were either limb salvage surgery or amputation. Surgeries of the axial osteosarcomas
were limited to tumor conservative resection. All detectable
metastatic sites were also removed surgically, whenever
possible. Both neoadjuvant and adjuvant chemotherapies

Assessed variables

Gender, age, duration of symptoms, primary tumor site,
tumor size, primary metastasis status at diagnosis, serum
alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
type of surgery, and outcome data were collected retrospectively from clinical records. An age of 40 years was
used as the cut-off point in prognosis analysis as in the
study of COSS [23]. Axial sites include the head and neck,
trunk, clavicles, and pelvis bone. Tumor size was defined
as 8 cm or less (small) and greater than 8 cm (large) [24].
Duration of symptoms means the duration from symptoms’ occurrence to pathological diagnoses, and the
median time was used as cut-off point. Reference values
of serum ALP and LDH are 45–125 U/L and 0–248 U/L,
respectively.

Results
Patient characteristics

From 2008 to 2015, 98 patients were histologically diagnosed as osteosarcoma and received treatments in our
center. Since all included patients were of high-grade
differentiation, no great histological difference was found
between the classic osteosarcoma and the non-classics
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in this study (Fig. 1a). Among them, 84 patients were
under 40 years, 81 patients were extremely localized,
and 87 patients were free of metastasis. The intersection
of these three groups was defined as classic osteosarcoma,
including 68 (69.38%) patients. The rest 30 patients were
diagnosed as non-classic osteosarcoma, among which 19
merited two of the aforementioned criteria, 10 merited
only one criterion, and 1 did not belong to any of the
three standards (Fig. 1b). There were 60 male patients
(61.2%; median age, 18 years; range, 7 to 62 years) and 38
female patients (38.8%; median age, 15 years; range, 4 to
64 years). The median onset age was 18 years (range, 4 to
64 years; mean, 23.06 ± 1.530 years). Patients aged ≤
40 years accounted for about 85.71% of all the patients.
Half of the total patients were attacked in the second decade of life, while it was 58.8% in the classic group. When
the first symptoms occurred, 62.2% of the patients visited
doctors and were diagnosed within 2 months. The most
frequent primary sites were around the knee (55.1%),
including the distal femur (35.7%), proximal tibia (12.2%),
and proximal fibula (7.1%). The proximal humerus, the
second most common site of osteosarcoma reported in
another study [23], accounted for 6.1% of cases in our
study, while the axials are of 17.3%. Referring to tumor
size, tumors of 60 patients (61.2%) were with diameter ≤
8 cm. Therein, it seems that non-classic sarcoma patients
tend to have a smaller tumor size than the classics, yet no
statistical significance was reached by Chi-square test
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(70.0 vs. 57.4%, P = 0.236). Eleven of 98 patients presented
with distant metastases at first diagnosis, and the lung is
the major site of metastasis (Table 1).
Table 1 Baseline and treatment characteristics
Characteristic

Classic

Non-classic

Total

Male

43

17

60 (61.2%)

Female

25

13

38 (38.8%)

Gender

Age
0–10

13

1

14 (14.3%)

11–20

40

9

49 (50.0%)

21–30

10

1

11 (11.2%)

31–40

5

5

10 (10.2%)

41–50

–

4

4 (4.1%)

51–60

–

6

6 (6.1%)

> 60

–

4

4 (4.1%)

Duration of symptoms
≤ 2 months

45

16

61 (62.2%)

> 2 months

23

14

37 (37.8%)

46

8

54 (55.1%)

Tumor site
Around knee
Distal femur

31

4

35 (35.7%)

Proximal tibia

9

3

12 (12.2%)

Proximal fibula

6

1

7 (7.1%)

5

1

6 (6.1%)

Proximal humerus
Other extremities

17

4

21 (21.4%)

Axial

–

17

17 (17.3%)

≤ 8 cm

39

21

60 (61.2%)

> 8 cm

29

9

38 (38.8%)

Tumor size

Primary metastasis
No

68

19

87 (88.8%)

Yes

–

11

11 (11.2%)

Lung

–

9

9 (9.2%)

Distal bones

–

1

1 (1.0%)

Other sites

–

1

1 (1.0%)

Serum ALP

Fig. 1 a Representative hematoxylin-eosin staining of classic and
non-classic high-grade osteosarcomas in this study. b Schematic figure
showing the distribution of classic and non-classic high-grade
osteosarcoma patients of this study. The three intersecting circles
comprised age ≤ 40 years, extremity localized primary tumor, or
free of metastasis at primary diagnosis, to illustrate the overlapping
parts between the three elements of the definition of
classic osteosarcoma

76 available

Normal

20

7

27 (35.5%)

>ULN

38

11

49 (64.5%)

Normal

25

12

>ULN

14

1

Serum LDH

52 available

Type of extremity surgery

37 (71.2%)
15 (28.8%)
81 available

Limb salvage

28

10

38 (46.9%)

Amputation

40

3

43 (53.1%)

ALP alkaline phosphatase, LDH lactate dehydrogenase, ULN upper limit of normal
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It was suggested that serum ALP and LDH were two
laboratory examinations that may elevate in osteosarcoma.
Therefore, we analyzed the serum ALP and LDH levels at
primary diagnosis, which were totally documented in 76
and 52 patients, respectively. Among them, elevated ALPs
were examined in more than half of the patients, while
elevated LDHs were found in less than one third. All the
81 extremity osteosarcoma patients received either limb
salvage surgery (38 patients) or amputation (43 patients)
(Table 1).
The classic osteosarcomas have better OS and EFS than
the non-classics

Median follow-up was 29 months (range, 2 to 122 months)
for all 98 patients and 39 months (range, 8 to 122 months)
for 51 survivors. The median OS was 43 months and
median EFS was 16 months. OS rates at 2 and 5 years
were 70.5 ± 4.8% and 41.5 ± 6.3%, respectively. EFS rate
at 2 and 5 years were 46.2 ± 5.2% and 31.5 ± 5.9%,
respectively (Fig. 2a). Among these patients, it is obvious
that classic osteosarcoma had better prognosis than the
non-classics (Mann-Whitney U test; P = 0.001 for OS, P =
0.001 for EFS) (Fig. 2b, c). The 2-year and 5-year OS rates
of classics vs. non-classics were 82.1 ± 4.9% vs. 44.9 ± 9.3%
and 51.4 ± 7.4% vs. 14.6 ± 11.4%, while the 2-year and 5-year
EFS rates were 56.4 ± 6.1% vs. 21.8 ± 8.2% and 36.8 ± 7.2%
vs. 21.8 ± 8.2%, respectively.
Primary tumor location and metastasis status are
independent prognostic factors for osteosarcoma

Based on the aforementioned clinical features, we hope
to find out the prognostic factors for osteosarcoma OS
and EFS. Of note, to the parameter of surgery type, we
only enrolled the extremity osteosarcoma patients with
limb salvage surgery or amputation, while the axials
were excluded. As the results of the univariate survival
analysis by Kaplan-Meier method, axial tumor site (OS,
P = 0.000; EFS, P = 0.000) and the presence of primary
metastasis (OS, P = 0.001; EFS, P = 0.042) were associated
with inferior OS and EFS. Whereas, there were no significant correlations between outcome and factors including
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gender, age, tumor size, duration of symptoms, serum ALP,
or serum LDH in this study. In the extremity osteosarcomas,
there was no OS or EFS difference between amputation and
limb salvage (Table 2).
Then, we performed multivariate Cox-regression
analysis to figure out the independent prognostic factors
for osteosarcoma OS and EFS. Variables of primary tumor
site and metastasis status, which had a statistical significance in the univariate analysis, were evaluated. In addition,
the variable of age, which had a marginal P value in both
OS and EFS, was also enrolled. Moreover, variables of
tumor size and type of surgery, the prognostic values of
which were controversial in previous studies, were also
analyzed. The multivariate analysis revealed that tumor
site and primary metastasis were independent prognostic
factors for both OS and EFS in osteosarcoma patients.
Extremity site and lack of primary metastasis presented
improved trends in OS and EFS. No significance was
reached in age, tumor size, and type of surgery (Table 3).
The extremity localized and metastasis-free classic
osteosarcomas have longer OS and EFS

Since the classic osteosarcoma had better OS and EFS
than the non-classics, we want to know whether the
extremity localized and metastasis-free classic osteosarcomas are superior to the extremity or axial non-classics
and metastatic or metastasis-free non-classics. The survivals
of extremity localized classic osteosarcomas and extremity
or axial non-classic osteosarcomas were analyzed by
ANOVA. The result showed that the extremity site classic
osteosarcomas had superior survival comparing to the axial
non-classic osteosarcomas in both OS (P = 0.003) and EFS
(P = 0.004) (Fig. 3a, b). Among the metastasis-free classic,
metastasis-free non-classic, and metastatic non-classic
subgroups, metastasis-free classic osteosarcomas had the
best OS (P = 0.036) and EFS (P = 0.054) (Fig. 3c, d).

Discussion
Osteosarcoma is a kind of solid tumor with relatively low
incidence, which up to now lacks clinical documentary.
Most of the previous studies only referred to the classic

Fig. 2 a Survival curves of OS and EFS in all osteosarcoma patients in this study. b OS and c EFS curves of the classic and non-classic osteosarcomas.
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Table 2 Univariate analysis for OS and EFS
Variable

OS

EFS

Median

P

Median

P

Gender
Male

43

Female

43

0.735

14

0.478

16

Age
≤ 40 years

46

> 40 years

18

0.101

22

0.116

6

Duration of symptoms
≤ 2 months

46

> 2 months

36

0.888

16

0.891

17

Tumor site
Extremity

51

Axial

14

<0.001

25

<0.001

5

Tumor size
≤ 8 cm

52

> 8 cm

36

0.798

17

0.920

16

Primary metastasis
No

51

Yes

14

0.001

25

0.042

10

Serum ALP
Normal

51

>ULN

52

0.871

13

0.595

22

Serum LDH
Normal
>ULN

36

0.671

9

a

0.165
a

NA

NA

Type of extremity surgery
Limb salvage

46

Amputation

NAa

0.869

22

0.606

9.5

OS overall survival, EFS event-free survival, ALP alkaline phosphatase, LDH lactate
dehydrogenase, ULN upper limit of normal
a
The median OS and EFS are not available in >ULN LDH group, and median
OS is not available in amputation surgery group because > 50% patients were
free of events

osteosarcomas, while few articles have focused on the
prognosis of the non-classics. The present study enrolled
both classic and non-classic osteosarcoma patients with
histologically proven high-grade, and all the enrolled
patients were treated with the uniform strategies with
neoadjuvant chemotherapy (MAP regimen), surgery, and
adjuvant chemotherapy (MAP regimen). The uniform
treatment eliminates the bias associated with therapeutic
regimen, making comparisons valid.
Our survival results are similar to those in other previous
studies. A single-institution study from Malaysia recruiting
163 patients reported 5-year OS of 44% and 5-year DFS
(disease-free survival) of 33% [27]. The Brazilian osteosarcoma treatment group studies III and IV showed that
5-year OS was 50.1% and 5-year EFS was 39% [13]. An
American team using Surveillance, Epidemiology, and
End Results (SEER) program database to analyze the
survival in 2849 patients with high-grade osteosarcoma
presented 5-year OS of 71.8% in non-metastatic disease and
30.4% in metastatic disease at diagnosis [28]. Collectively,
the reviewed studies showed that 5-year OS and EFS ranged
from 37.9 to 77% and 38 to 62%, respectively [2, 7–21].
Consistent with these previous studies, the survival data in
this study were located within the same range as reported
before.
In this study, we enrolled primary tumor site and
metastasis status at diagnosis, as well as gender, age,
tumor size, symptom duration, type of surgery, and serum
ALP and LDH levels for prognostic analysis, some of
which have also been analyzed in other previous studies,
but some of the results are still controversial. In Table 4,
we listed some similar studies as ours.
Our study showed that primary metastasis status at
diagnosis was an independent prognostic factor. Seven
of the 9 studies evaluated primary metastasis status, and
all validated it as an independent prognostic factor for
the outcome of osteosarcoma, which is in fact a foregone
conclusion. The study of American SEER program
database revealed primary metastasis as an independent
predictor for cause-specific survival at 10 years [28].
Pakos et al. [15] showed that the death risk of metastasis
at diagnosis is nearly three folds than that of nonmetastasis, while Janeway et al. [17] reported that the

Table 3 Multivariate analysis for OS and EFS
Variable (Category)

OS

EFS

HR

95% CI

P

HR

95% CI

P

Age (≤ 40 year vs. > 40 year)

1.075

0.393–2.946

0.888

0.959

0.404–2.280

0.925

Tumor site (limb vs. axial)

0.221

0.080–0.609

0.004

0.286

0.123–0.666

0.004

Tumor size (≤ 8 cm vs. > 8 cm)

0.783

0.410–1.494

0.457

0.886

0.510–1.540

0.668

Metastasis (no vs. yes)

0.307

0.142–0.661

0.003

0.441

0.207–0.938

0.034

Surgery (salvage vs. amputation)

0.889

0.445–1.777

0.738

0.730

0.394–1.353

0.318

HR hazard ratio, CI confidence interval, OS overall survival, EFS event-free survival
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Fig. 3 Survival curves of a, c OS and b, d EFS in the osteosarcomas. Patients are categorized by classic or non-classic combined with (a and b) primary
tumor location or (c and d) metastatic status

presence of metastasis at diagnosis had a poorer survival
in patients with high-grade osteosarcoma of any site
enrolled on North American Cooperative Group. Similarly, the other four studies demonstrated that clinically
detectable primary metastasis were significantly associated
with inferior outcome [9, 13, 18, 27].
Primary tumor site was another independent osteosarcoma prognostic factor in our study, which was supported

by most of the listed studies in Table 4 [2, 15, 17, 18, 28]. It
is worth noting that Pruksakorn et al. [18], Duchman et al.
[28], and Min et al. [8] used the same categorization as ours
in the analysis of tumor site which compared extremity
tumors with axial tumors. Consistent with our data,
Duchman et al. [28] and Pruksakorn et al. [18] reported
that axial osteosarcomas have lower survival rate than
the extremities. With different categorizations, Whelan

Table 4 Review of prognostic factors for OS and/or EFS in previous studies by univariate and multivariate analysis
Vasquez
et al. [9]

Whelan
et al. [2]

Pakos
et al. [15]

Janeway
et al. [17]

Pruksakorn
et al. [18]

Duchman
et al. [28]

Min
et al. [8]

Faisham
et al. [27]

Petrilli
et al. [13]

n = 73

n = 1067

n = 2680

n = 1054

n = 144

n = 2949

n = 333

n = 163

n = 209

OS + EFS

OS + PFS

OS

OS + EFS

OS

OS

OS

OS

OS + EFS

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

UVA

MVA

Gender

ns

–

s

s

ns

–

ns

–

ns

–

s

s

s

s

s

ns

–

–

Age

ns

–

ns

–

s

s

s

s

s

ns

s

s

ns

–

s

s

–

–

Tumor site

ns

–

s

s

s

s

s

s

s

s

s

s

ns

–

–

–

–

–

Tumor size

s

ns

–

–

–

–

–

–

ns

–

s

s

–

–

–

–

s

ns

Symptom duration

–

–

–

–

–

–

–

–

ns

–

–

–

–

–

–

–

–

–

Primary metastasis

s

s

–

–

s

s

s

s

s

s

s

s

–

–

s

s

s

s

Serum ALP

s

s

–

–

–

–

–

–

–

–

–

–

s

s

–

–

–

–

Serum LDH

ns

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Surgery type

–

–

s

ns

s

s

–

–

–

–

–

–

ns

–

–

–

s

–

s significant, ns not significant, OS overall survival, EFS event-free survival, PFS progression-free survival, UVA univariate analysis, MVA multivariate analysis, ALP alkaline
phosphatase, LDH lactate dehydrogenase
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et al. [2] showed that patients of distal tumor location
had better survival than those of proximal humerus/
femur, Pakos et al. [15] showed that the death risk of tibia
tumor location was lower than that of femur tumor location,
and Janeway et al. [17] reported that pelvic tumor site was
associated with a decrease in EFS and OS.
Other variables of gender, age, tumor size, duration of
symptoms, type of surgery, and serum ALP and LDH
levels analyzed in our study did not show predictive
values for OS or EFS, and some coincident negative results
can also be found in other studies (Table 4). These studies,
except that of Petrilli et al. [13], evaluated gender in
univariate analyses, but only four reported significant
association with outcome, three of which suggested that
female patients had a better outcome than male patients in
the multivariate analyses. Hence, whether gender is an independent prognostic factor for patients with osteosarcoma
remains controversial. There are eight of these studies
evaluated the predictive value of age, and only four studies
showed elder age was associated with worse outcome of
osteosarcoma. However, it must be noted that they used
different cut-off points, i.e., 18 years in the study of Janeway
et al. [17] and 60 years in the study of Duchman et al. [28].
Converted to ranked data without cut-off points, elder age
was reported as an adverse prognostic factor with 7% relative risk increasing per decade by Pakos et al. [15]. Faisham
et al. [27] showed that patients older than 12 years had
worse survival, but no significant difference was found
when the cut-off point was 40 years. Referring to tumor
size, only Duchman et al. [28] reported it as an independent
risk factor which was divided into small (diameter ≤ 5 cm),
intermedia (5–10 cm), large (> 10 cm), or unknown. Other
three studies used different categorizations (i.e., diameter of
12 cm [9, 13] or tumor volume of 180 ml [18] as cut-off
points) but obtained no significant result. Our study
categorized tumor size by the diameter of 8 cm according
to TNM Staging system [24], which was the same as the
studies by Nathan and Healey [16] and Wang et al. [20],
and we did not find significant difference between these
two groups. Of these nine studies, only Prusakorn et al.
[18] evaluated the symptom duration before diagnosis,
and the result showed that it was not a predictor for the
outcome of ostnon-classic osteosarcoma, which was the
same as our data. There were few researches focusing on
the effect of ALP or LDH. Only Vasquez et al. [9] examined the predictive value of LDH and found that it was
not a prognostic factor. Vasquez et al. [9] and Min et al.
[8] reported that raised ALP was associated with decreased prognosis. Type of surgery was evaluated by four
studies, while only the data of Pakos et al. [15] revealed it
as an independent prognostic factor, which showed that
the risks of metastasis and death would increase in patients undergoing an amputation. Given the different
conclusions reported in literature, we speculated that this
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might result from patient heterogeneity, different cut-off
values, and small sample sizes in most of the studies.
Therein, different demographic backgrounds, tumorrelated characteristics, and therapy protocols account
for the heterogeneity of patients. The subjects of these
studies are of different races, gender proportions, and
age distributions, which may also lead to varied characters of tumor genesis, progression, and outcome. These
at least partly explain why most of the studies are limited to patients with classic osteosarcoma, which is the
common form of osteosarcoma with almost uniform
treatment.

Conclusions
Classic osteosarcomas have better prognosis than nonclassic osteosarcomas. The prognostic analysis shows that
primary tumor site and metastasis status are independent
predictive factors for OS and EFS, but no significance is
reached in elevated serum alkaline phosphatase or lactate
dehydrogenase. The extremity localized classic osteosarcomas have better survivals than the axial non-classic cases.
Amputation or limb salvage surgery has no significant effect
on OS and EFS in the extremity osteosarcomas.
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