Am J Transl Res 2024;16(8):3667-3677
www.ajtr.org /ISSN:1943-8141/AJTRO157080

Original Article

Diagnostic value of combined

detection of AKP, TSGF, and LDH for
pediatric osteosarcoma: a case-control study

Tao Sun?, Jin Ma?, Shumin Zhu?, Ke Wang?

1Department of Pediatric Orthopedics, Yantai Yantaishan Hospital, Yantai 264003, Shandong, China; 2Department
of Clinical Laboratory, The Third Hospital of Hebei Medical University, Shijiazhuang 050051, Hebei, China; *Depart-
ment of Clinical Laboratory, The First Hospital of Hebei Medical University, Shijiazhuang 050030, Hebei, China; “De-
partment of Bone Disease and Orthopedic Oncology, Yantai Yantaishan Hospital, Yantai 264003, Shandong, China

Received April 8, 2024; Accepted July 9, 2024; Epub August 15, 2024; Published August 30, 2024

Abstract: Objective: To evaluate the diagnostic value of serum alkaline phosphatase (AKP), tumor-supplied growth
factor group (TSGF), and lactate dehydrogenase (LDH) for pediatric osteosarcoma. Methods: A retrospective analy-
sis of clinical data from 81 pediatric osteosarcoma patients (osteosarcoma group) and 63 patients with benign bone
tumors (benign bone tumor group) admitted to Yantaishan Hospital from February 2023 to November 2023 was
conducted. Basic and clinical data differences between the two groups of children were compared. A multivariate
regression model was established to determine predictive factors for pediatric osteosarcoma, and the diagnostic
value of identified indicators for pediatric osteosarcoma was evaluated. Results: Osteosarcoma group demonstrated
significantly higher serum AKP (375.76+73.47 vs 286.12+76.50 U/L), TSGF (69.01+16.30 vs 53.57+16.37 U/mL),
and LDH (269.55+66.96 vs 207.46+59.20 U/L) levels as compared to the benign bone tumor group. Correlation
analysis suggested significant positive correlations between AKP (rho=0.505), TSGF (rho=406), LDH (rho=0.449)
and pediatric osteosarcoma. Multivariate regression analysis showed serum AKP, TSGF, and LDH were independent
predictive factor for pediatric osteosarcoma. The AUC value for AKP was 0.794, with a Youden index of 0.459; the
AUC value for TSGF was 0.736, with a Youden index of 0.406; and the AUC value for LDH was 0.761, with a Youden
index of 0.462. The combined use of these three biomarkers yielded an AUC of 0.886. Conclusion: The combined
detection of serum AKP, TSGF, and LDH can enhance the diagnostic accuracy of pediatric osteosarcoma, providing
important evidence for clinical treatment.
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Introduction significant mortality, osteosarcoma poses a
substantial threat to the health of affected
children [3]. Patients with undiagnosed and
untreated osteosarcoma typically develop pul-
monary metastases within 6-12 months [4].
Therefore, the early diagnosis of osteosarcoma

is of great significance to improve the prognosis

Osteosarcoma is a common primary malignant
bone tumor among children and adolescents,
accounting for approximately 5% of pediatric
tumors, with up to 90% occurring in the distal
femur, proximal tibia, and other limb locations

[4]. Clinical symptoms include pain, local swell-
ing, limping caused by pain, or systemic symp-
toms due to metastasis [2]. Osteosarcoma typi-
cally originates from mesenchymal cells within
the bone, which directly or indirectly lead to the
transformation of cartilage tissue into tumor
bone tissue to form bone. Characterized by
rapid growth, high metastatic potential, and

of children with subsequent treatment.

However, the currently available diagnostic
methods, including imaging modalities and tis-
sue biopsy, have limitations in sensitivity and
specificity. Conventional X-rays and CT scans
have previously shown limited efficacy due to
the lack of early radiographic changes, resulting
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in high misdiagnosis rates and delay in diagno-
sis [5]. The mean difference of X-ray margins
compared to pathology reports was 1.09 cm,
with 84% of cases showing little difference in
pathological tissue imaging reports. However,
in the remaining cases, there was a large differ-
ence [6]. While histopathologic examination
remains the gold standard for osteosarcoma
diagnosis, it is invasive and demands a high
level of operative expertise [7]. Consequently,
there is a clinical demand for an early, efficient,
and highly sensitive diagnostic biomarker for
osteosarcoma. Therefore, there is a critical
need for novel and reliable biomarkers to aid in
the early detection and monitoring of pediatric
osteosarcoma.

In recent years, serum biomarkers have gar-
nered increasing attention as possible diag-
nostic and prognostic tools for various malig-
nancies, including osteosarcoma. With the
advancement of tumor pathology research,
serum marker detection offers advantages
such as low cost, minimal invasiveness, and
strong repeatability. It has been applied for
early diagnosis of various cancers and is a cur-
rent research focus [8, 9]. Alkaline phospha-
tase (AKP), tumor-specific growth factor (TSGF),
and lactate dehydrogenase (LDH) have individ-
ually shown promise as biomarkers in cancer
diagnosis and monitoring [10]. AKP is an
enzyme predominantly present in the liver,
bone, and placenta, and an elevated level of
serum AKP is associated with increased bone
turnover, commonly found in osteosarcoma
patients [11]. TSGF is a protein expressed spe-
cifically by tumor cells and is associated with
the progression and metastasis of various can-
cers [12]. LDH is an enzyme involved in cellular
metabolism, and high LDH level is associated
with increased tumor burden and poor treat-
ment response in osteosarcoma patients [13].
However, their combined diagnostic utility of
these biomarkers in pediatric osteosarcoma
remains under-investigated.

This study aims to evaluate the diagnostic
potential of serum AKP, TSGF, and LDH levels,
both individually and in combination, for pediat-
ric osteosarcoma. By assessing the correlation
of these biomarkers with disease status and
clinical outcomes, this research seeks to devel-
op a more effective and reliable diagnostic
approach for pediatric osteosarcoma. The find-
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ings of this study may have significant implica-
tion for early detection, risk stratification, and
treatment monitoring in pediatric patients with
osteosarcoma.

Materials and methods
Study subjects

A retrospective analysis was conducted on the
clinical data of 81 pediatric osteosarcoma
patients admitted to Yantaishan Hospital from
February 2023 to November 2023, designated
as the osteosarcoma group. Simultaneously,
analysis was also performed on 63 patients
with  benign bone tumors admitted to
Yantaishan Hospital during the same time
frame, designated as the benign bone tumor
group (Figure 1). Inclusion criteria: Ages <18;
Confirmed diagnosis of osteosarcoma or
benign bone tumor through pathological exa-
mination, with Enneking stage | for osteosarco-
ma; Normal cognitive ability and mental status;
Complete clinical data (Demographic informa-
tion can be found in past medical records and
blood samples can be found and analyzed
in clinical sample banks). Exclusion criteria:
Significant dysfunction of major organs such as
the liver, kidneys, or heart; Presence of con-
comitant malignancies in other locations;
Dysfunction of the hematologic, endocrine, or
immune systems. This study adhered to the
principles outlined in the Declaration of Hel-
sinki and was approved by the Clinical Trial
Ethics Committee of Yantaishan Hospital (No.
2023091). Patients’ informed consent was
waived due to the retrospective nature.

Methods

Data collection: General information for all
patients, including gender, age, place of resi-
dence, primary caregiver, weight, as well as
clinical data such as disease course, tumor
size, and tumor location, was obtained through
retrospective analysis of medical records.

Detection methods: Upon admission, fasting
venous blood samples of 5 mL were collected
from all patients within one day. After layering
and centrifugation at 2800 r/min for 10 min-
utes with a centrifugal radius of 10 cm, the
supernatant was collected for measurement.
The residual blood samples were stored in the
clinical sample bank at -80°C for future testing
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Patients meet inclusion criteria n = 131

Statistical methods

SPSS 25.0 statistical software

Significant dysfunction of major organs; n =9
Presence of concomitant malignancies in other
locations; n=6

systems.n=5

was used for data analysis.
Counted data were presented
as n (%), and analyzed using

Dysfunction of the hematologic, endocrine, or immune Chi-square test or correction

for continuity Chi-square test

] [ Screening ] [ Identiﬁcation]

Exclusion criteria screened
n=111

as appropriate. Normally dis-
tributed metric data were rep-
resented as (xts) and com-

Figure 1. Flow chart for this study.

when needed. Serum levels of AKP, TSGF, and
LDH were detected using a fully automated bio-
chemical analyzer (20162400396, Shenzhen
PuKang Electronics Co., Ltd., China) and immu-
noturbidimetric assay kits (produced by Roche
Diagnostics GmbH, 20162404197). Measure-
ments were performed in strict accordance
with the instructions provided with the assay
Kits. Each data point was measured in tripli-
cate, and the average was taken as the final
result. The normal range for serum AKP level
was <350 U/L; for TSGF level, <64 U/mL; and
for LDH level, 109-245 U/L [14].

Outcome measures

Differences in basic and clinical data between
the two groups of patients were observed. A
multivariate regression model was established
to determine the predictive factors for pediatric
osteosarcoma. The correlation between vari-
ous indicators and pediatric osteosarcoma
was analyzed. Receiver operating characteris-
tic (ROC) curves were plotted to determine the
area under the curve (AUC), optimal threshold,
sensitivity, specificity, and Youden’s index, to
assess the diagnostic value of individual or
combined indicators for pediatric osteo-
sarcoma.
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§ pared between groups using a
f& t-test. For non-normally dis-
. Benign bone tumor grouping n = 63 ‘ ’ osteosarcoma group n = 81 tributed data, statistical anal-
‘ ysis was performed after vari-
able transformation to achieve

p— normal distribution.
,g Comparison of Basic Data and Clinical Data Spearman analysis was per-
%’ Logistic Regression Analysis of Predictive Factors formed to ana|yze the relation-
< Correlation analysis of serum factor Levels and Pediatric Osteosarcoma ship between continuous vari-
ROC Curve and DCA Analysis for predicting Pediatric Osteosarcoma ables AKP/TSG F/|_D|-| and pe-
diatric osteosarcoma occur-

rence. Significant indicators

with statistical differences

between the two groups were
selected for binary logistic regression analysis,
using pediatric osteosarcoma as the depen-
dent variable and serum AKP, TSGF, and LDH
levels as independent variables. On the basis
of multi-factor regression analysis, multiple
prediction indicators were integrated, and
nomogram plot was drawn to predict the
results. ROC curves were constructed, and the
AUC, optimal threshold, sensitivity, specificity,
and Youden index for each indicator were deter-
mined to analyze the diagnostic value of serum
AKP, TSGF, LDH alone and in combination.
Besides, “rmda” package in R software was
used to make decision curve analysis (DCA).
The AUC values of multi-factor prediction model
and single factor prediction model were com-
pared to judge the diagnostic value. A P<0.05
was considered significant.

Results

Comparison of basic data between the two
groups of patients

As shown in Table 1, the osteosarcoma group
consisted of 42 male and 39 female patients,
with a mean age of (4.67+1.02) years and a
mean weight of (17.91+1.38) kg. Patients were
almost evenly distributed between urban (39
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Table 1. Comparison of basic data between the two groups of patients

Iltem Osteosarcoma Group (n=81) Benign Bone Tumor Group (n=63) X2/t P
Gender [n (%)]
Male 42 (51.85) 31 (49.21) 0.099 0.753
Female 39 (48.15) 32 (50.79)
Age (years) 4.67+1.02 4.54+1.09 0.736  0.463
Residence [n (%)]
Urban 39 (92.86) 30 (47.62) 0.004 0.950
Rural 42 (7.14) 33 (52.38)
Primary Caregiver [n (%)]
Father 13 (16.05) 10 (15.87) 0.056  0.972
Mother 58 (71.60) 46 (73.02)
Other 10 (12.35) 7(11.11)
Weight (kg) 17.91+£1.38 18.03+1.46 0.505 0.615

Table 2. Comparison of clinical data between the two groups of patients

Benign Bone Tumor Group (n=63)  x?/t P

Item Osteosarcoma Group (n=81)
Duration of Disease (months) 4.33+2.17
Tumor Size (cm) 4.12+0.38
Tumor Location [n (%)]
Limbs 70 (86.42)
Non-limbs 11 (13.58)
Serum AKP (U/L) 375.76+73.47
Serum TSGF (U/mL) 69.01+16.30

Serum LDH (U/L) 269.55+66.96

4.25+2.26 0.216 0.830
4.20+0.45 1156 0.250
56 (88.89) 0.198 0.567
7(11.11)
286.12+76.50 7133 0.001
53.57+16.37 5.628 0.001
207.46+59.20 5.804 0.001

AKP: Alkaline phosphatase; TSGF: tumor-specific growth factor; LDH: lactate dehydrogenase.

cases) and rural (42 cases) areas. The primary
caregivers were mostly mothers (58 cases), fol-
lowed by fathers (13 cases), and others (10
cases). The benign bone tumor group included
31 male and 32 female patients, with a mean
age of (4.54+1.09) years, a mean weight of
(18.03+1.46) kg, and also a balanced distribu-
tion between urban (30 cases) and rural (33
cases) areas. The primary caregivers were also
mothers (46 cases), followed by fathers (10
cases), and others (7 cases). There were no sig-
nificant differences in basic data, including
gender, age, place of residence, primary care-
giver, and weight between the two groups (all
P>0.05).

Comparison of clinical data between the two
groups of patients

As shown in Table 2, the osteosarcoma group
had a disease course of (4.33+2.17) months,
tumor size of (4.12+0.38) cm, with tumors
located in the limbs in 70 cases and non-limb
locations in 11 cases. The serum levels were
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(375.76+73.47) U/L for AKP, (69.01+16.30) U/
mL for TSGF, and (269.55+66.96) U/L for LDH.
The benign bone tumor group had a disease
course of (4.25+2.26) months, tumor size of
(4.204£0.45) cm, with tumors located in the
limbs in 56 cases and non-limb locations in 7
cases. The serum levels were (286.12+76.50)
U/L for AKP, (53.57+16.37) U/mL for TSGF,
and (207.46+59.20) U/L for LDH. There were
no significant differences in disease course
(P=0.830), tumor size (P=0.250), or tumor loca-
tion (P=0.567) between the two groups (all
P>0.05). However, there were significant differ-
ences in the comparison of clinical data such
as serum AKP (P=0.001), TSGF (P=0.001), and
LDH levels (P=0.001), indicating that serum
AKP, TSGF, and LDH levels may be predictive
factors for pediatric osteosarcoma.

Correlation analysis

As shown in Figure 2, Spearman’s rho coeffi-
cients revealed moderate positive correlations
between AKP (rho=0.505, P<0.001), TSGF
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Figure 2. Correlation analysis of serum alkaline
phosphatase (A), tumor-supplied growth factor
(B), and lactate dehydrogenase (C) levels and
pediatric osteosarcoma.

Table 3. Univariate logistic regression analysis of predictive factors for pediatric osteosarcoma

ltem Coefficient Std Error Wald P Value OR 95% ClI

AKP>303.29 (U/L) 2.140 0.399 5.368 <0.001 8.500 3.986-19.155
TSGF>49.705 (U/mL) 2.326 0.469 4.961 <0.001 10.241 4.291-27.560
LDH>235.59 (U/L) 2.003 0.380 5.268 <0.001 7.408 3.587-16.000

AKP: Alkaline phosphatase; TSGF: tumor-specific growth factor; LDH: lactate dehydrogenase.

(rho=406, P<0.001), LDH (rho=0.449, P<
0.001) and the occurrence of pediatric osteo-
sarcoma. These findings suggest the diag-
nostic utility of these serum biomarkers in the
identification and assessment of pediatric
osteosarcoma.

Logistic regression analysis of factors for pedi-
atric osteosarcoma

As shown in Tables 3, 4, both univariate and
multivariate logistic regression analysis of
serum AKP, TSGF, and LDH levels revealed OR
values greater than 1, indicating serum AKP,
TSGF, and LDH levels as an independent risk
factor for pediatric osteosarcoma.
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Diagnostic value of serum AKP, TSGF, LDH lev-
els alone or in combination for pediatric osteo-
sarcoma

As illustrated in Figure 3, the ROC curve analy-
sis revealed an AUC value of 0.794 for AKP,
with a Youden index of 0.459, and an optimal
threshold of 303.29 U/L. Using 303.29 U/L as
the optimal diagnostic cutoff, AKP demonstrat-
ed a sensitivity of 0.84 and specificity of 0.619
for diagnosing pediatric osteosarcoma. TSGF
exhibited an AUC value of 0.736, a Youden
index of 0.406, and an optimal threshold of
49.705 U/mL, resulting in a sensitivity of 0.914
and specificity of 0.492 for diagnosing pediatric
osteosarcoma. LDH showed an AUC value of
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Table 4. Multifactorial logistic regression analysis of predictive factors for pediatric osteosarcoma

Influencing Factor Coefficient Std Error Wald P Value OR 95% Cl

AKP>303.29 (U/L) 2.946 0.596 4.940 <0.001 19.030 5.913-61.251
TSGF>49.705 (U/mL) 2.250 0.611 3.680 <0.001 9.487 2.862-31.443
LDH>235.59 (U/L) 2.405 0.560 4.297 <0.001 11.073 3.698-33.156

AKP: Alkaline phosphatase; TSGF: tumor-specific growth factor; LDH: lactate dehydrogenase.
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0.761, a Youden index of 0.462, and an optimal
threshold of 235.59 U/L, yielding a sensitivity
of 0.716 and specificity of 0.746 for diagnosing
pediatric osteosarcoma. Then, the DCA plot
confirmed the diagnostic performance of serum
AKP, TSGF, LDH levels for pediatric osteosarco-
ma (Figure 4).

By integrating these factors, a multifactor pre-
dicting nomogram model for pediatric osteo-
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Figure 3. Receiver operating characteristic curve
of serum alkaline phosphatase (A), tumor-supplied
growth factor (B), and lactate dehydrogenase (C)
levels for predicting pediatric osteosarcoma. AUC:
area under curve.

sarcoma was drawn (Figure 5A). When com-
bined (Figure 5C), the three parameters yielded
an AUC value of 0.886, higher than the AUCs of
each single. At the optimal threshold, the diag-
nostic sensitivity was 0.951, and the specificity
was 0.635, significantly higher than that of the
individual values, indicating that the combina-
tion of the three values could enhance the diag-
nostic value for pediatric osteosarcoma. The
DCA curve suggested high application value of
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Net Benefit

High Risk Threshold

NetBeneft

High Risk Threshold

this nomogram model (Figure 5B). Besides, the
calibrate plot of the nomogram model suggest-
ed a high stability (Figure 5D).

Discussion

Osteosarcoma is one of the most prevalent
bone tumors, originating from primitive mesen-
chymal cells capable of multidirectional differ-
entiation. Consequently, osteosarcoma cells
often exhibit pleomorphic features, posing
significant challenges for disease diagnosis
and treatment [15-17]. Osteosarcoma primarily
affects individuals under the age of 20, and the
main site of onset is the lower limbs, especially
the knee joint, manifested as unexplained joint
pain. Pain caused by tumor can easily be mis-
taken for normal growing pain or sprain, leading
to missed opportunities for timely diagnosis
and treatment [18-20].
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Figure 4. Decision curve analysis of serum alkaline
phosphatase (A), tumor-supplied growth factor (B),
and lactate dehydrogenase (C) levels alone for pre-
dicting pediatric osteosarcoma.

Serum factor testing, which assesses disease
by detecting levels of factors in the blood to
indicate disease presence, serves as an impor-
tant diagnostic tool. Yang et al. established a
nomogram to predict the cancer-specific sur-
vival (CSS) and overall survival rate of osteo-
sarcoma. It showed that age, stage, grade, sur-
gery, primary site, and tumor size were indepen-
dent risk factors for osteosarcoma [21]. Lu et
al. established a nomogram to predict the risk
of distant metastasis of osteosarcoma [22].
Compared to previous studies, this study pro-
posed the predictive effect of serum markers
on osteosarcoma in children. A more accurate
prediction method is proposed, which has clini-
cal value. Conventional X-rays and CT scans
have previously shown limited efficacy due to
the lack of early radiographic changes, result-
ing in high misdiagnosis rates and delay in diag-

Am J Transl Res 2024;16(8):3667-3677



AKP, TSGF, and LDH in pediatric osteosarcoma

0 10 20 30 40 5 60 70 8 9% 100
Points L N ! 1 N 1 1 h ! 1 i
1
AKP 2 303.29 (UIL) r |
0
1
TSGF 2 49.705 (U/mL) r |
0
1
LDH = 235.59 (UL) r d
0
Total Points e T —————
0 50 100 150 200 250 300
Risk
01 03 05 07 09
C.
—
|
S
=
S
2
2
@ AUC: 0.886
o}
(%}
b |
<
N
°
-
S
T T T T T T
10 08 06 04 02 00
1 = Specificity

Net Benefit

Actual Probability

High Risk Threshold

Apparent
— Bias-corrected
Ideal

T T T T T
00 02 04 06 08

Predicted Pr{Source=1}

5= 1000 repettions, boot Mean absolute error=0.033 n=144

Figure 5. The nomogram (A), decision curve analysis (B), receiver operating characteristic curve (C), and calibrate
plot (D) of multifactor predicting model for predicting pediatric osteosarcoma.

nosis. However, patient’s disease condition can
be reflected in the blood index more quickly,
and the delayed diagnosis rate and misdiagno-
sis rate of serum factor detection are lower
than that of imaging examination. Although
needle biopsy remains the gold standard for
diagnosing osteosarcoma, it can be distressing
and painful for young patients. Therefore, an
alternative early detection protocol for pediat-
ric osteosarcoma is needed.

The findings of this study underscore the diag-
nostic potential of three serum factor levels -
AKP, TSGF, and LDH - in pediatric osteosarco-
ma. Elevated levels of these indicators are
strongly associated with the presence of the
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disease, serving as predictive biomarkers.
Studies by Zhang et al. [23] have revealed a sig-
nificant increase in serum AKP levels in osteo-
sarcoma patients compared to benign bone
tumor patients, which is consistent with the
results of this study. The serum AKP level con-
sistently balances with the amount produced in
bone tissue; however, in cases such as osteo-
sarcoma and other malignant tumors, the
extensive proliferation and destruction of bone
tissue by tumor cells significantly increase the
activity of AKP, leading to elevated serum AKP
levels [24, 25]. Wang et al. [26] found that
serum TSGF level is an important reference
indicator for distinguishing between benign
bone tumors and osteosarcoma, aligning with

Am J Transl Res 2024;16(8):3667-3677
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the conclusions of this study. TSGF, a growth
factor specifically expressed in tumor cells, is
generally absent or minimally expressed in nor-
mal cells. However, in osteosarcoma, tumor
cells augment the production and release of
TSGF to activate cell proliferation signaling
pathways, promoting the proliferation and sur-
vival of osteosarcoma cells [27, 28]. Studies by
Sittiju et al. [29] found that the serum LDH level
in osteosarcoma patients was higher compared
to patients with benign bone tumors, also mir-
roring the findings of this study. Under normal
circumstances, LDH is typically present in tis-
sues such as the liver, myocardium, muscles,
and red blood cells. However, with the occur-
rence of osteosarcoma, LDH level increases
due to the proliferation and destruction of
tumor cells, leading to released LDH into the
bloodstream and causing elevated serum LDH
level [30, 31]. Elevated serum levels of AKP,
TSGF, and LDH are common in pediatric osteo-
sarcoma, and these three indicators serve as
important auxiliary markers in differentiating
pediatric osteosarcoma from benign bone
tumors [32].

The results of this study indicate that serum
factors AKP, TSGF and LDH can facilitate the
diagnosis of osteosarcoma in children. The
innovation of this study lies in the construction
of the multifactor predicting model using serum
AKP, TSGF, and LDH for pediatric osteosarcoma
diagnosis. The rationale behind this is that the
combination of the three values can synergisti-
cally aid in diagnoses, providing more compre-
hensive diagnostic information and effectively
reducing or avoiding potential issues with mis-
diagnosis or missed diagnosis associated with
single serum markers. This improves the diag-
nostic efficacy for the disease, offering a more
accurate and objective basis for clinical dis-
ease diagnosis and treatment.

While this study highlights the diagnostic poten-
tial of serum AKP, TSGF, and LDH levels for
pediatric osteosarcoma, it is essential to
acknowledge several limitations that could
impact the generalizability and robustness of
the findings. Firstly, the retrospective nature of
the analysis may have introduced inherent
biases and confounding factors, potentially
influencing the results. Additionally, the rela-
tively modest sample size of 81 pediatric osteo-
sarcoma patients and 63 benign bone tumor
patients from a single hospital may limit the
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ability to draw definitive conclusions applicable
to a broader population. The exclusion criteria
implemented in this study, such as excluding
patients with significant organ dysfunction or
concomitant malignancies, could have led to
a selection bias that might not fully represent
the diversity of pediatric osteosarcoma cases
encountered in clinical practice. Furthermore,
the use of serum biomarkers as diagnostic
tools alone may not provide a comprehensive
assessment of pediatric osteosarcoma, as the
disease is multifactorial in nature and may
require a more integrated approach for accu-
rate diagnosis and monitoring.

Future research efforts could address these
limitations by conducting prospective studies
to attain a more comprehensive understanding
of the diagnostic value of these serum markers
in pediatric osteosarcoma. Prospective con-
trolled trials with larger sample sizes and lon-
ger follow-up durations are warranted to further
validate the findings.

Conclusions

Serum AKP, TSGF, and LDH levels hold signifi-
cant diagnostic value for pediatric osteosarco-
ma. These markers were substantially incre-
ased in pediatric osteosarcoma patients com-
pared to those with benign bone tumors, indi-
cating their potential as predictive markers.
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