
Review Article
Prognostic Significance of Serum Alkaline Phosphatase Level in
Osteosarcoma: A Meta-Analysis of Published Data

Hai-Yong Ren, Ling-Ling Sun, Heng-Yuan Li, and Zhao-Ming Ye

Department of Orthopaedics, Second Affiliated Hospital, College of Medicine, Zhejiang University, No. 88, Jiefang Road,
Hangzhou 310009, China

Correspondence should be addressed to Zhao-Ming Ye; yezhaomingzeyy@gmail.com

Received 16 July 2015; Accepted 12 October 2015

Academic Editor: Dominic Fan

Copyright © 2015 Hai-Yong Ren et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Serum alkaline phosphatase (SALP) is commonly elevated in osteosarcoma patients. A number of studies have
investigated the prognostic role of SALP level in patients with osteosarcoma but yielded inconsistent results. Method. Systematic
computerized searches were performed in PubMed, Embase, and Web of Science databases for relevant original articles. The
pooled hazard ratios (HRs) and relative risks (RRs) with corresponding confidence intervals (CIs) were calculated to assess the
prognostic value of SALP level. Results. Finally, 21 studies comprising 3228 patients were included. Overall, the pooled HRs of
SALP suggested that elevated level had an unfavorable impact on osteosarcoma patients’ overall survival (OS) (HR = 1.82; 95% CI:
1.61–2.06; 𝑝 < 0.001) and event-free survival (EFS) (HR = 1.97; 95% CI: 1.61–2.42; 𝑝 < 0.001). Combined RRs of SALP indicated
that elevated level was associated with presence of metastasis at diagnosis (RR = 5.55; 95%CI: 1.61–9.49; 𝑝 = 0.006). No significantly
different results were obtained after stratified by variables of age range, cancer stage, sample size, and geographic region.Conclusion.
Thismeta-analysis demonstrated that high SALP level is significantly associatedwith poorOS or EFS rate and presence ofmetastasis
at diagnosis. SALP level is a convenient and effective biomarker of prognosis for osteosarcoma.

1. Introduction

Osteosarcoma is the most common primary bone tumor
in childhood and adolescence. It is the second highest
cause of cancer-related death in these age groups due to
development of often fatal metastasis, usually in the lungs [1].
Prior to the use of chemotherapy, 80–90% of patients with
osteosarcomadevelopedmetastatic disease, despite achieving
local tumor control, and died of their diseases [2]. Although
multidisciplinary management including neoadjuvant and
adjuvant chemotherapywith aggressive surgical resection has
improved clinical outcomes, the overall 5-year survival rate
remains 60–70% [3]; the treatment of osteosarcoma is still
unsatisfactory for the risk of local relapse and the develop-
ment of metastasis [4, 5]. Osteosarcoma has a predilection
for metastasizing to the lungs. Pulmonary metastases occur
in approximately half of the osteosarcoma patients and are
the main cause of death for patients with osteosarcoma.
At the time of osteosarcoma diagnosis, fewer than 20% of
patients present with identified metastatic diseases [6–8],

while most patients with localized osteosarcoma are assumed
to have undetectable micrometastases [9–12]. The 5-year OS
rate for patients with metastatic spread is less than 30%,
largely unchanged during the past 30 years [8, 13]. Therefore,
valuable prognostic factors should be found to identify the
high-risk patients efficiently, and aggressive therapeutic reg-
imens could be initiated earlier on these patients to improve
prognosis.

Alkaline phosphatases (ALPs) are a family of metalloen-
zymes that catalyze the hydrolysis of organic phosphate esters
at an alkaline environment with low substrate specificity
[14]. Four genes encode ALP, including tissue-nonspecific
ALP (TNAP) gene located on 1p36.12, which is expressed in
various tissues such as osteoblasts, hepatocytes, kidney, and
early placenta, and three tissue-specific ALP genes located on
2q37,which are expressed in intestine (IAP), placenta (PLAP),
and germ cells (placental-like AP or GCAP), respectively
[15]. In healthy individuals, SALP derives mostly from bone,
hepatic tissues, or kidney [16]. It is known that patients
with osteosarcoma are commonly detected with increased
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SALP levels.The relationship between total SALP activity and
clinical outcomeof osteosarcomapatient has been recognized
for over 50 years [17]. However, studies on the prognostic role
of SALP level with osteosarcoma have yielded inconsistent
results. Thus, we conducted a meta-analysis of all available
studies relating SALP with survival rate or metastasis to
clarify its prognostic value. In addition, normal value of SALP
is complicated in children and adolescents, SALP is usually
greater in children than in adults [18], which would confound
its prognostic role on osteosarcoma patients. Cancer stage
and other factors might also influence the results. Thus, the
stratified analyses were further conducted to explore any
difference in each subgroup.

2. Methods

2.1. Search Strategy and Selection Criteria. We searched Pub-
Med, Embase, and Web of Science databases on May 1, 2015,
for relevant articles. The search terms were used as follows:
(1) osteosarcoma or bone sarcoma or osteogenic sarcoma
and (2) alkaline phosphatase or ALP or SALP or SAP or AP
or AKP or ALKP. Studies were considered eligible if they
met the following criteria: (1) prospective or retrospective
cohort study; (2) tumors being histologically confirmed as
osteosarcoma; (3) studies examining the relation between
SALP level and prognosis (OS, EFS, or metastasis); (4) pub-
lications written in English; (5) studies providing sufficient
information to estimate HR or RR with corresponding 95%
CIs. The exclusion criteria included (1) articles published in
non-English; (2) case reports, editorials, letters, reviews, and
conference abstracts; (3) only the most recent or complete
study, when multiple publications from a particular research
group reported data from overlapping samples.

2.2. Data Extraction and Study Assessment. Two reviewers
extracted data from eligible studies independently. Discon-
tents between reviewers were resolved by discussion and
through consultation. The following items were collected
from each study: first author’s name, year of publication,
country, sample size, age, cut-off values, tumor stage (Ennek-
ing stage), follow-up time, HRs of the elevated SALP for OS
or EFS, RRs of the elevated SALP and presence of metastasis
at diagnosis or metastasis development of localized osteosar-
coma patients, and their 95% CIs and 𝑝 values and other
relevant data. Methodological quality of the included studies
was assessed with the Newcastle-Ottawa Scale (NOS) [19].

2.3. Statistical Analysis. For each individual study with as-
sessment of OS or EFS, the HRs and their 95% CIs were
extracted if the author had reported the data. Other-
wise, these data were calculated according to the methods
described by Parmar et al. [20]. RRs with corresponding
95% CIs were used to measure the relationship of SALP
level and presence of metastasis at diagnosis or metastasis
development of localized osteosarcoma patients. Subgroup
analyses were then conducted according to clinical variables
including age range, tumor stage, sample size, and geographic
region. Heterogeneity between the studies was measured by

𝑄 test and 𝐼2 test [21, 22], while potential publication bias was
investigated using funnel plot and Begg’s test [23]. The fixed
effects model was employed to combine the individual HR
or RR estimates when there was no significant heterogeneity
among studies; otherwise, the random effects’ model was
used [24]. Finally, sensitivity analysis was performed to assess
the influence of the single study on the combinedHRofOS or
EFS. All statistical analyses were conducted using STATA 12.0
software (Stata Corporation, College Station, Texas, U.S.).

3. Results

3.1. Study Characteristics and Quality Assessment. 2186 rele-
vant citations were identified for initial review using search
strategies as described previously. Of these, 2123 were initially
excluded after reading the titles and abstracts and 42 were
excluded after assessing the full texts (28 studies without
sufficient information for extraction, 7 studies on bone-
specific ALP, and 7 studies by same authors on possibly the
same patient populations) (Figure 1). Ultimately, the system-
atic literature search yielded a total of 21 studies comprising
3228 patients for final analyses [25–45]. These studies were
conducted in nine countries and published between 1993 and
2015, each including patients ranging from 33 to 350 (median
91). The major characteristics of the 21 eligible publications
are reported in Tables 1–4, each with studies on analyses of
OS, EFS, presence of metastasis at diagnosis, and metastasis
development among nonmetastatic patients, respectively.

HRs of OS could be extracted from 17 studies (Table 1)
[25–41] and of EFS could be extracted from7 studies (Table 2)
[29–32, 36, 41, 42], respectively. Three of the included studies
investigated the association between SALP level and presence
of metastasis at diagnosis (Table 3) [33, 40, 43]. Other 3
studies recruited nonmetastatic patients and investigated the
correlation between SALP level and risk of metastasis devel-
opment (Table 4) [37, 44, 45]. Quality assessments revealed
average NOS score from the two reviewers of 6.86, indicating
that all 21 included studies were of moderate quality.

3.2. SALP Level and EFS or OS. 17 studies with a total of 2272
osteosarcoma patients dealing with SALP level and OS were
meta-analyzed [25–41]. Because of heterogeneity (𝐼2 = 0%),
a fixed effect model was selected. The pooled HR was 1.82
(95% CI: 1.61–2.06; 𝑍 = 9.73; 𝑝 < 0.001), illustrating that
SALP level was significantly associated with the poor OS of
osteosarcoma patients (Figure 2). Seven studies including 752
patients which reported the correlation between SALP level
and EFS were also meta-analyzed [29–32, 36, 41, 42]. No
heterogeneity was detected (𝐼2 = 21.6%), so a fixed effect
model was adopted.The combinedHRwas 1.97 (95%CI: 1.61–
2.42; 𝑍 = 6.50; 𝑝 < 0.001), demonstrating that SALP level of
osteosarcoma patients was significantly associated with poor
EFS (Figure 3).

3.3. SALP Level and Metastasis. Three studies with 816
patients investigated the relationship between SALP level and
presence of metastasis at diagnosis [33, 40, 43]. A fixed effect
model was employed for analysis since no heterogeneity was
detected (𝐼2 = 0.0%). The combined RR was 5.55 (95%
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Table 1: Main characteristics and results of the eligible studies for evaluation of overall survival.

Study
(author/year) Country Number of

patients
Age (y)

Median (range)
ALP cut-off

(IU/L)
Enneking
stage HR (95% CI)

Follow-up (m)
Median
(range)

Aparicio et al.,
1999 [25] Spain 33 17 (12–42) 115 II 1.26

(0.42–3.74) 96 (60–156)

Foukas et al.,
2002 [26] UK 45 18 (6–48) NA IIB 3.44

(1.52–7.79) 68 (28–88)

Ford et al., 2004
[27] UK 350 NS (<40) NA II 1.66

(1.09–2.51) NA

Bramer et al.,
2005 [28] UK 89 NA NA II 1.49

(0.72–3.06) NA

Mialou et al.,
2005 [29] France 60 13.5 (2–19) 500 IIIB 2.2 (1.2–4.1) NA

Yalçın et al.,
2008 [30] Turkey 55 13 (7–17) NA II-III 1.1 (0.5–2.41) NA

Chou et al.,
2009 [31] USA 91 NA NA III 3.16

(1.77–5.36) 89 (1–141)

Kim et al., 2009
[32] Korea 67 15.7 (3.8–644) NA II 1.37

(0.54–3.45) 59.9

Wu et al., 2009
[33] Taiwan ROC 91 20.2 (5–84) A† II-III 2.52

(1.32–4.75) 58.2 (2–233)

Yao et al., 2009
[34] China 57 16 (6–70) 136 II-III 3.45

(1.4–8.46) 32.5 (10–52)

Hagleitner et al.,
2011 [35] Netherlands 94 17.8 (4.5–39.5) NA II-III 1.66

(0.88–3.11) 67.2 (28.8–360)

Ferrari et al.,
2012 [36] Italy 209 14 (4–39) A† II 1.69

(0.98–2.9) 76 (31–115)

Han et al., 2012
[37] China 177 23.2 (5–57) A§ II 1.80

(1.28–2.51) 87 (8–144)

Durnali et al.,
2013 [38] Turkey 211 20 (13–74) A$ II-III 1.75 (1.23–2.5) 30.5 (0.5–213)

Min et al., 2013
[39] China 333 19 (5–78) NA II-III 1.73

(1.28–2.33) NA (1–100)

Hung et al., 2015
[40] Taiwan ROC 69 13.5 (3.8–17.7) 150 II-III 3.08

(1.05–9.08) 51.6 (18–111.6)

Berner et al.,
2015 [41] Norway 301 NA AΔ II-III 1.64

(1.22–2.19) NA

NA: not available, A: available (see the footnotes for details), HR: hazard ratio, CI: confidence interval, y: year(s), and m: month(s).
$: 2 times of upper limit normal level.
†: ALP cut-off: 2–10 y 100–350 IU/L; 10–13 y female 110–400 IU/L; 13–15 y male 125–500 IU/L; 20–50 y 25–100 IU/L; other childhood age 73–300 IU/L.
§: ALP cut-off: >18 y 150 IU/L; <18 y 110 IU/L.
Δ: ALP cut-off: 0–17 y 400 IU/L; >17 y 105 IU/L.

CI: 1.61–9.49; 𝑍 = 2.76; 𝑝 = 0.006), indicating significant
relationship between elevated SALP level and metastatic
disease of osteosarcoma patients (Figure 4). Moreover, other
3 studies, including 372 nonmetastatic osteosarcoma patients,
observed the linkage of SALP level and metastasis develop-
ment [37, 44, 45]. Because of heterogeneity (𝐼2 = 0%), a fixed
effect model was used in this analysis. However, the result
showed no statistically significant correlation between high
SALP and metastasis development, with RR being 1.95 (95%
CI: 0.98–2.91; 𝑍 = 3.96; 𝑝 < 0.001) (Figure 5).

3.4. Subgroup Analyses. Because of the limited articles about
metastasis, stratifying analysis was only conducted on the
correlation between SALP and OS or EFS. Main results of

subgroup analysis for OS and EFS were listed in Tables 5 and
6. After stratified by age range, the pooled HRs of preadult
group (patients’ age less than 19 years old) of OS and EFS
were 1.87 (95% CI: 1.20–2.91; 𝑍 = 2.78; 𝑝 = 0.242) and 2.07
(95% CI: 1.51–2.83; 𝑍 = 4.56; 𝑝 = 0.341), respectively, similar
to the studies comprising both preadult and adult patients,
of which the HRs of OS and EFS were 1.82 (95% CI: 1.60–
2.06; 𝑍 = 9.33; 𝑝 = 0.625) and 1.90 (95% CI: 1.45–2.48;
𝑍 = 4.66; 𝑝 = 0.149), respectively. When stratified by cancer
stage, the association between SALP levels and prognosis
among osteosarcoma patients seemed to be strengthened in
the subgroup ofmetastatic patients (Enneking stage III), with
HRs of OS and EFS being 2.67 (95% CI: 1.75–4.06; 𝑍 =
4.56; 𝑝 = 0.400) and 2.77 (95% CI: 1.88–4.09; 𝑍 = 5.13;
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Table 2: Main characteristics and results of the eligible studies for evaluation of event-free survival.

Study
(author/year) Country Number of

patients Age (y) ALP cut-off
(IU/L)

Enneking
stage HR (95% CI) Follow-up (m)

Median (range)
Mialou et al., 2005
[29] France 48 13.5 (2–19) 500 IIIB 2.7 (1.5–4.8) NA

Lee et al., 2007 [42] Korea 45 <15 A† II 4.55 (1.22–16.99) 54 (6–153)
Yalçın et al., 2008
[30] Turkey 55 13 (7–17) NA II-III 1.11 (0.54–2.31) NA

Kim et al., 2009
[32] Korea 67 15.7

(3.8–64.4) NA II 1.84 (0.84–4.07) 59.9

Chou et al., 2009
[31] USA 91 NA NA III 2.83 (1.68–4.79) 89 (1–141)

Ferrari et al., 2012
[36] Italy 209 14 (4–39) A§ II 1.71 (1.09–2.67) 76 (31–115)

Berner et al., 2015
[41] Norway 237 NA AΔ II-III 1.78 (1.26–2.52) NA

NA: not available, A: available (see the footnotes for details), HR: hazard ratio, CI: confidence interval, y: year(s), and m: month(s).
†: ALP cut-off: 2–10 y 420 IU/L; 10-11 y 560 IU/L; 12–15 y male 495 IU/L; 12-13 y female 420 IU/L; 14-15 y female 230 IU/L.
§: ALP cut-off: 2–10 y 350 IU/L; 10–13 y female 400 IU/L; 13–15 y male 500 IU/L; 20–50 y 100 IU/L; other childhood age 300 IU/L.
Δ: ALP cut-off: 0–17 y 400 IU/L; >17 y 105 IU/L.

Records identified through 
database searching

Additional records identified 
through other sources

Records after duplicates removed

Records screened Records excluded

Full-text articles 
assessed for eligibility

Without sufficient information for 

Possibly overlapping

Studies included in 
qualitative synthesis

Studies included in 
quantitative synthesis 

(meta-analysis)

(n = 2186) (n = 0)

(n = 2186)

(n = 2186) (n = 2123)

(n = 63)

extraction (n = 28)
On bone-specific ALP (n = 7)

data set (n = 7)

(n = 21)

(n = 21)

Figure 1: Flow diagram of the study selection process.

𝑝 = 0.906), respectively, while in the subgroup of localized
osteosarcoma patients (Enneking stage II), the HRs of OS
and EFS were 1.75 (95% CI: 1.42–2.15; 𝑍 = 5.29; 𝑝 =
0.740) and 1.88 (95% CI: 1.29–2.73; 𝑍 = 3.31; 𝑝 = 0.386),
respectively. Stratified analysis according to sample size was

also conducted. Whether patient number is greater than
100 or not, similar results were found about the association
between SALP level and poor OS or EFS, while apparent less
heterogeneity was obtained in studies with larger sample size
(𝑝 = 0.999; 𝐼2 = 0.0%). When stratifying by geographic
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Table 3: Main characteristics and results of the eligible studies for evaluation of presence of metastasis at diagnosis.

Study
(author/year) Country Number of patients Age (y) ALP cut-off (IU/L) Enneking stage RR (95% CI)

Bacci et al., 1993
[43] Italy 549 NA A§ II-III 5.53 (2.85–10.74)

Wu et al., 2009 [33] Taiwan ROC 91 20.2 (5–84) A§ II-III 16.5 (1.05–260.27)
Hung et al., 2015
[40] Taiwan ROC 76 13.5 (3.8–17.7) 150 II-III 18.6 (1.17–294.97)

NA: not available, A: available (see the footnotes for details), RR: relative risk, and CI: confidence interval.
§: ALP cut-off: 2–10 y 350 IU/L; 10–13 y female 400 IU/L; 13–15 y male 500 IU/L; 20–50 y 100 IU/L; other childhood age 300 IU/L.

Table 4: Main characteristics and results of the eligible studies for evaluation of metastasis development for nonmetastatic patients.

Study
(author/year) Country Number of patients Age (y) ALP cut-off (IU/L) Enneking stage RR (95% CI) Follow-up (m)

Median (range)
Smeland et al.,
2003 [44] Norway 104 NA A† II 1.66 (0.68–4.07) 83 (42–124)

Han et al., 2012 [37] China 177 23.2 (5–57) A§ II 2.17 (0.97–4.84) 87 (8–144)
Kim et al., 2014
[45] Korea 91 NA A§ IIB 2.03 (1.04–3.97) NA

NA: not available, A: available (see the footnotes for details), RR: relative risk, y: year(s), and m: month(s).
†: ALP cut-off: 2–10 y 350 IU/L; 10–13 y female 400 IU/L; 13–15 y male 500 IU/L; 20–50 y 100 IU/L; other childhood age 300 IU/L.
§: ALP cut-off: >14 y 115.5 IU/L; <14 y 300 IU/L.

Hung et al., 2015

Durnali et al., 2013

Hagleitner et al., 2011

Yalçın et al., 2008

Yao et al., 2009

Ferrari et al., 2012

Han et al., 2012

Berner et al., 2015

Wu et al., 2009

Bramer et al., 2005

Kim et al., 2009

Aparicio et al., 1999

Ford et al., 2004

Foukas et al., 2002

Chou et al., 2009

Min et al., 2013

Mialou et al., 2005

Study ID HR (95% CI)

1.82 (1.61, 2.06)

3.08 (1.05, 9.08)

1.75 (1.23, 2.50)

1.66 (0.88, 3.11)

1.10 (0.50, 2.41)

3.45 (1.40, 8.46)

1.69 (0.98, 2.90)

1.80 (1.28, 2.51)

1.64 (1.22, 2.19)

2.52 (1.32, 4.79)

1.49 (0.72, 3.06)

1.37 (0.54, 3.45)

1.26 (0.42, 3.74)

1.66 (1.09, 2.51)

3.44 (1.52, 7.79)

3.16 (1.77, 5.63)

1.73 (1.28, 2.33)

2.20 (1.20, 4.10)

100.00

1.26

11.61

3.66

Weight (%)

2.36

1.81

4.96

12.95

17.07

3.52

2.79

1.70

1.22

8.40

2.19

4.36

16.28

3.87

1 1.50.5

Overall (I2 = 0.0%; p = 0.622)

Figure 2: Forest plot showing the association between SALP and overall survival (OS) of osteosarcoma.
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Kim et al., 2009

Berner et al., 2015

Ferrari et al., 2012

Lee et al., 2007

Mialou et al., 2005

Chou et al., 2009

Yalçın et al., 2008

Study ID

1.97 (1.61, 2.42)

1.84 (0.84, 4.07)

1.78 (1.26, 2.52)

1.71 (1.09, 2.67)

HR (95% CI)

4.55 (1.22, 16.99)

2.70 (1.50, 4.80)

2.83 (1.68, 4.79)

1.11 (0.54, 2.31)

100.00

6.70

34.71

20.78

Weight (%)

2.40

12.33

15.19

7.89

0.5 1 1.5

Overall (I2 = 21.6%; p = 0.265)

Figure 3: Forest plot showing the association between SALP and event-free survival (EFS) of osteosarcoma.

Wu et al., 2009

Study ID

Hung et al., 2015

Bacci et al., 1993

5.55 (1.61, 9.49)

ES (95% CI)

16.54 (1.05, 260.27)

18.60 (1.17, 294.97)

5.53 (2.85, 10.74)

100.00

Weight (%)

0.09

0.07

99.84

0 1 20

Overall (I2 = 0.0%; p = 0.971)

Figure 4: Forest plot showing the association between SALP and presence of metastasis of osteosarcoma at diagnosis.

Study ID

Kim et al., 2014

Han et al., 2012

Smeland et al., 2003

1.95 (0.98, 2.91)

2.03 (1.04, 3.97)

ES (95% CI)

2.17 (0.97, 4.84)

1.66 (0.68, 4.07)

100.00

43.07

Weight (%)

24.74

32.20

−4.84 0 4.84

Overall (I2 = 0.0%; p = 0.917)

Figure 5: Forest plot showing the association between SALP and occurrence of metastasis for nonmetastatic osteosarcoma patients.
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Table 5: A summary of HRs for the overall and subgroup analyses of SALP and OS of osteosarcoma patients.

Number of studies Patients number HR (95% CI) Heterogeneity
Chi-squared 𝐼

2
𝑝 value

Overall 17 2272 1.82 (1.61–2.06) 13.68 0% 0.622
Age

Preadult and adult 14 2088 1.82 (1.60–2.06) 10.83 0% 0.625
Preadult only 3 184 1.87 (1.20–2.91) 2.84 2.96% 0.242

Enneking stage
II 7 910 1.75 (1.42–2.15) 3.53 0% 0.740
II-III 8 1211 1.77 (1.61–2.06) 6.02 0% 0.538
III 2 151 2.67 (1.75–4.06) 0.71 0% 0.400

Sample size
<100 11 751 2.13 (1.70–2.66) 10.94 8.6% 0.362
>100 6 1521 1.71 (1.48–1.98) 0.20 0% 0.999

Geographic region
Asia 6 734 1.89 (1.55–2.31) 4.16 0% 0.527
Non-Asia 11 1538 1.78 (1.53–2.07) 9.29 0% 0.505

HR: hazard ratio, OS: overall survival, and CI: confidence interval.

Table 6: A summary of HRs for the overall and subgroup analyses of SALP and EFS of osteosarcoma patients.

Number of studies Patients number HR (95% CI) Heterogeneity
Chi-squared 𝐼

2
𝑝 value

Overall 7 752 1.97 (1.61–2.42) 7.65 21.6% 0.265
Age

Preadult and adult 4 385 1.90 (1.45–2.48) 5.33 43.7% 0.149
Preadult only 3 367 2.07 (1.51–2.83) 2.15 7.1% 0.341

Enneking stage
II 3 321 1.88 (1.29–2.73) 1.91 0% 0.386
II-III 2 292 1.63 (1.19–2.23) 1.32 24.3% 0.250
III 2 139 2.77 (1.88–4.09) 0.01 0% 0.906

Sample size
<100 5 306 2.28 (1.68–3.09) 6.09 34.3% 0.193
>100 2 446 1.75 (1.33–2.31) 0.02 0% 0.89

Geographic region
Asia 2 112 2.34 (1.19–4.60) 1.34 25.2% 0.248
Non-Asia 5 640 1.94 (1.56–2.40) 6.05 33.8% 0.196

HR: Hazard ratio, EFS: event-free survival, and CI: confidence interval.

region, the HRs of high SALP for OS and EFS were not sig-
nificantly different between subgroups of Asia or non-Asia.

3.5. PublicationBias and SensitivityAnalysis. Publication bias
of the included studieswas assessed by funnel plots andBegg’s
test. As shown in Figure 6, the funnel plots were almost sym-
metric in each analysis. Meanwhile, one study was omitted at
a time in the sensitivity analysis to measure its effect on the
pooledHR for theOSor EFS.No individual study dominantly
influenced overallHR, as presented in Figure 7, indicating the
robustness of the results in this meta-analysis.

4. Conclusion

In the early studies, elevated SALP levels had been reported in
40% to 80% of patients with osteosarcoma [46–49]. In accor-
dance with that ratio, of these selected studies which have

sample size larger than 100 [27, 36–39, 41, 43, 44], elevated
SALP levels were found in 40.2% to 83.7% of osteosarcoma
patients. The relationship of serum total ALP activity with
clinical outcomes of osteosarcoma has been recognized for
over 50 years [17]; however, this remains controversial. Thus,
to derive amore precise estimation of the correlation between
SALP levels and survival rates or metastasis in patients with
osteosarcoma, we carried out this meta-analysis.

The present meta-analysis suggested that osteosarcoma
patients with high SALP levels have significantly poorer OS
or EFS when compared with those with normal levels. The
results also showed that patients with high SALP significantly
correlated with greater ratio of presence of metastasis at
diagnosis, indicating that osteosarcomametastases obviously
relate to higher SALP levels. However, it failed to obtain
significant correlation between SALP level and metastasis
development through nonmetastatic osteosarcoma patients,
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Figure 6: Funnel plots assessing possible publication bias for prognosis ((a) OS; (b) EFS; (c) presence ofmetastasis at diagnosis; (d)metastasis
development for nonmetastatic patients).
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Figure 7: Sensitivity analysis for prognosis of survival rates ((a) OS; (b) EFS).

with the combinedRR being 1.95 (95%CI: 0.98–2.91). Among
the included three studies, it is worthwhile to notice that Kim
et al. [45] developed a high-performance nomogram with
several predictors to predict the probability of metastasis,

including the factor of SALP level. Though the meta-analysis
showed no statistically significant result, some relevance
might exist between SALP level and metastasis development
in localized osteosarcoma patients. Merely three studies were
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included in our analysis and more researches are needed to
provide solid data to clarify this relation.

Assessment of SALP levels in children and adolescents
is difficult because those levels are usually greater than in
adults, they show a tetrabasic pattern with the highest levels
in infancy and puberty and troughs at mid-childhood and
at the end of puberty [18, 50, 51]. Normal value of SALP is
complicated in preadult osteosarcoma patients; variant nor-
mal cut-off values were found through the studies, which
would confound the results. The results of subgroup analyses
revealed similar prognostic role of SALP between adult and
preadult patients. However,more efforts are required to refine
the prognostic value of SALP by different age, especially
among preadult patients. Metastasis is the most crucial
prognostic factor in osteosarcoma; patients with localized
or metastatic osteosarcoma might have apparently different
results. The analyses indicated that the association between
SALP levels and survival outcomes were both significant for
patients whether with metastasis or not, while the predictive
value appears to be stronger among those patients with
metastasis. Elevated SALP might tend to predict clinical
outcomes more efficiently among metastatic osteosarcoma
patients. No significantly different results were found after
stratified by variables of sample size and geographic region.

In previous studies, cultured human osteosarcoma cell
lines [52, 53] and an animal osteosarcoma cell line [54] have
been shown to produce large amount of ALP. It is suggested
that transformed osteoblasts in osteosarcoma would disrupt
the tight control of proliferation and progressively express
the genes associated with cell differentiation, causing a con-
stantly high level of ALP [55, 56]. It is reported that SALP
levels were significantly increased in osteoblastic subtype of
osteosarcoma than in other subtypes [37]. In addition, oste-
osarcoma metastasis is associated with expansion and infil-
tration of tumor cells, stimulating local secretion of cytokines
or growth factors and causing the activation of osteoclasts,
which aggravate the severity of osteolysis accompanying
SALP elevation [57]. The study of Han et al. [37] indicated
that the matrix metalloproteinases (MMPs) can be secreted
by the cancer cells to dissolve extracellular matrix, which
may also lead to rise of SALP. It is reasonable to assume
that osteosarcoma progression, invasion, or metastasis would
aggravate osteolysis and elevate SALP. High level of SALP
would relate to propensity for malignancy of osteosarcoma
and poor clinical outcomes. It is reported that, in most
patients with initial elevated SALP, the values decreased to be
normal after preoperative chemotherapy [28, 37, 43]. Other
than the SALP levels at diagnosis, posttreatment SALP values
also gain great attention by researchers for its prognostic role.
The Rizzoli Institute [43] analyzed SALP value after neo-
adjuvant chemotherapy and surgery in patients with initial
high levels of the enzyme but failed to find significant rela-
tionship with relapse. However, Bramer et al. [28] and Han et
al. [37] indicated that elevated postchemotherapy SALP cor-
related with shorter survival and greater incidence of lung
metastasis as well as poor response to chemotherapy, though
the correlations with relapse were also not evident in these
two studies. Decrease of SALP level during clinical therapy
may be a symptom of a positive reaction to treatment

and disease remission. SALP which remains elevated after
treatmentmight indicate unfavorable treatment response and
predict poor prognosis.

Meanwhile, some limitations in thismeta-analysis should
be noticed. First, publication bias might be present if studies
unpublished or in other languages thatmeet the inclusion cri-
teria were missed. The tendency to publish positive findings
over negative results may also introduce some bias. Second,
some studies included both children and adults in one group,
and the effect of age on the levels of SALP was not taken into
account for their analyses. Moreover, normal value of SALP
is complicated in preadult osteosarcoma patients; most of the
studies including young patients did not apply corresponding
cut-off point detailed enough by age, which would make the
results less accurate. Third, HRs were calculated from data or
extrapolated from survival curves in the eligible studies; the
HR information obtained by statistical software unavoidably
developed a decrease of reliability. Fourth, all the included
articles were retrospective studies; ideally, prospective studies
would be required to generate more robust conclusions. In
addition, since there aremultiple sources of human SALP, the
prognostic value of total SALP for osteosarcoma is limited
by its lack of specificity [58]. Most studies did not exclude
those patients with other diseases that also cause SALP levels
elevation, which also decreased the precision of results.

SALP is a routine diagnostic test in clinical laboratories;
measurement of SALP is simple, rapid, and cost-effective
and provides valuable information for patients with osteosar-
coma. In spite of the limitations mentioned above, our meta-
analysis permits the conclusion that high SALP is obviously
associated with poor OS or EFS and presence of metastasis
when diagnosed. SALP level is a convenient and effective
biomarker of prognosis for osteosarcoma.
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[50] S. Turan, B. Topcu, I. Gökçe et al., “Serum alkaline phosphatase
levels in healthy children and evaluation of alkaline phosphatase
z-scores in different types of rickets,” Journal of Clinical Research
in Pediatric Endocrinology, vol. 3, no. 1, pp. 7–11, 2011.

[51] P. Szulc, E. Seeman, and P. D. Delmas, “Biochemical measure-
ments of bone turnover in children and adolescents,” Oste-
oporosis International, vol. 11, no. 4, pp. 281–294, 2000.

[52] J. R. Farley, E. Kyeyune-Nyombi, N. M. Tarbaux, S. L. Hall,
and D. D. Strong, “Alkaline phosphatase activity from human
osteosarcoma cell line SaOS-2: an isoenzyme standard for

quantifying skeletal alkaline phosphatase activity in serum,”
Clinical Chemistry, vol. 35, no. 2, pp. 223–229, 1989.

[53] C. Pautke, M. Schieker, T. Tischer et al., “Characterization of
osteosarcoma cell lines MG-63, Saos-2 and U-2 OS in compar-
ison to human osteoblasts,” Anticancer Research, vol. 24, no. 6,
pp. 3743–3748, 2004.

[54] N. N. Ali, M. A. Harrison, J. Rowe, and N. M. Teich, “Spectrum
of osteoblastic differentiation in new cell lines derived from
spontaneous murine osteosarcomas,” Bone, vol. 14, no. 6, pp.
847–858, 1993.

[55] G. S. Stein, J. B. Lian, and T. A. Owen, “Relationship of cell
growth to the regulation of tissue-specific gene expression dur-
ing osteoblast differentiation,”The FASEB Journal, vol. 4, no. 13,
pp. 3111–3123, 1990.

[56] S. Limmahakhun, P. Pothacharoen, N. Theera-Umpon et al.,
“Relationships between serum biomarker levels and clinical
presentation of human osteosarcomas,” Asian Pacific Journal of
Cancer Prevention, vol. 12, no. 7, pp. 1717–1722, 2011.

[57] J. Ambroszkiewicz, J. Gajewska, T. Klepacka, M. Chełchowska,
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