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Abstract

Osteosarcoma is the most common primary high-grade bone tumor in both adolescents and children. Early tumor
detection is key to ensuring effective treatment. Serum marker discovery and validation for pediatric osteosarcoma
has accelerated in recent years, coincident with an evolving understanding of molecules and their complex
interactions, and the compelling need for improved pediatric osteosarcoma outcome measures in clinical trials. This
review gives a short overview of serological markers for pediatric osteosarcoma, and highlights advances in
pediatric osteosarcoma-related marker research within the past year. Studies in the past year involving serum
markers in patients with pediatric osteosarcoma can be assigned to one of four categories, i.e., new approaches
and new markers, exploratory studies in specialized disease subsets, large cross-sectional validation studies, and
longitudinal studies, with and without an intervention.
Most of the studies have examined the association of a serum marker with some aspect of the natural history of
pediatric osteosarcoma. As illustrated by the many studies reviewed, several serum markers are emerging that
show a credible association with disease modification. The expanding pool of informative osteosarcoma-related
markers is expected to impact development of therapeutics for pediatric osteosarcoma positively and, it is hoped,
ultimately clinical care. Combinations of serum markers of natural immunity, thyroid hormone homeostasis, and
bone tumorigenesis may be undertaken together in patients with pediatric osteosarcoma. These serum markers in
combination may do better. The potential effect of an intrinsic dynamic balance of tumor angiogenesis residing
within a single hormone (tri-iodothyronine) is an attractive concept for regulation of vascularization in pediatric
osteosarcoma.
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Introduction
Osteosarcoma is the most prevalent malignant bone
tumor [1]. Accounting for 30%-80% of the primary skeletal
sarcomas, it is the most common of all bone malignancies
[2]. The population affected is predominantly children,
teenagers, and young adults aged 10-30 years [3]. Males
are more affected than females. Osteosarcomas predomi-
nantly target the long cylindrical bones, including the knee
joint (approximately half of the observations) and the

humerus [4]. Among the most affected are the femur,
tibia, and humerus. The tumor is less frequently localized
in the shoulder blade, pelvic, and skull bones [5]. Typically,
osteogenetic sarcomas metastasize early into the lungs,
and metastases to lymph nodes are found in isolated cases
[6,7].
Today’s leading researchers, pharmacy and biotechnol-

ogy decision-makers, technology companies, and clini-
cians are focusing on the use of serum tumor markers in
the field of pediatric osteosarcoma research. The search
for serum tumor markers for early detection and diagno-
sis of pediatric osteosarcoma has been a daunting task
which has been met with little success. Much of the
research effort in the past has been centered on discovery
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and characterization of single markers [8-10]. A marker
is applicable as a fluid analyte when at least two require-
ments are met, i.e., the potential marker must circulate in
the serum and a quantitative high-throughput assay must
be available to detect the marker.
As a rule, the types of cancer that develop in children are

different from the types that are found in adults. Various
international osteosarcoma study groups, including the
Cooperative German-Austrian-Dutch Osteosarcoma,
National Osteosarcoma Etiology, North American Develop-
ments in Osteosarcoma, European American Osteosar-
coma, Scandinavian Sarcoma, and North American
Children’s Oncology groups, have agreed on trying to con-
duct a collaborative tumor marker study [11-16]. The
power of such collaboration lies in the ability to conduct
large research projects for studying pediatric osteosarcoma.
This paper gives an overview of established and experi-

mental serological markers in the diagnosis of pediatric
osteosarcoma. We have focused exclusively on osteosar-
coma in the younger age group. This review summarizes
mainly the prognostic values of classical and novel mar-
kers for pediatric osteosarcoma.

Serum tumor marker discovery offers hope of new
pediatric osteosarcoma test
A wide variety of serological markers have been asso-
ciated with pediatric osteosarcoma (Table 1). These may
be broadly divided into several groups. Markers are most
commonly grouped by chemical structure or by the
biological function they have in the organism [17-19].
Chemically, markers can be divided into glycoproteins,
polypeptides, carbohydrate determinants of glycopro-
teins, glycolipids, proteins, polyamines, and immunoglo-
bulins [20-23]. In terms of biological function, markers
can be divided into oncofetal antigens, enzymes, hor-
mones, receptors, and compounds with an as yet unclear
function [24-26]. Tumor markers involved in angiogen-
esis, cell adhesion, apoptosis, and the cell cycle have been
shown recently to play an important role in osteosarcoma
growth, differentiation, and metastasis [27-30]. Over the
coming years, the new markers may be able not only to
prognosticate pediatric osteosarcoma patients at baseline
but also to serve as therapeutic targets and thereby
further improve survival rates [31-33]. No osteosarcoma-
specific marker, more particularly pediatric osteosar-
coma-specific marker, has been found thus far, so where
lies the future of pediatric osteosarcoma biomarker
research?

Free polyamines
One known method of diagnosing cancer is to use free
polyamines as biochemical tumor markers in children’s
osteosarcoma [34]. Tumor development is accompanied
by disorders of polyamine metabolism, spurring their

intensive release from cells into biological fluids (blood
and urine). Based on this, the level of free polyamines is
measured in blood sera and blood-formed elements.
Their levels in children with osteosarcoma were found to
exceed reference values in 92.4% of cases for formed ele-
ments and 63% for plasma [35]. Following tumor surgery,
58% of children showed a decrease in polyamine count.
The data suggest that measurement of free polyamines in
blood-formed elements on a background of cancer can
be used before treatment as an informative indicator of a
malignant process. The fact that removal of tumor local-
ity fails to normalize polyamine levels in up to half of
cases points to the shortcomings of this method when
the polyamine level has to be used in treated patients to
test for recurrence.

Insulin-like growth factor-1 and insulin-like growth factor
binding protein-3
Preclinical work has suggested a role of insulin-like growth
factor-1 (IGF-1) in the proliferation of osteosarcoma cells
in vivo [36]. This research group has addressed the rela-
tionship between serum levels of IGF-1, its binding protein
(IGFBP-3), and the clinical behavior and outcome of
osteosarcoma in children. In a retrospective study of 37
patients, it was found that circulating levels of IGF-1 and
IGFBP-3 were not predictive of the development or clini-
cal characteristics of pediatric osteosarcoma. However,
further studies in a larger patient population should be
performed in order to investigate this relationship further.

Monoclonal antibody of circulating tumor-associated
antigen ki67
A prognostication method in children’s osteosarcoma
using ki67 monoclonal antibodies is known. Using these
antibodies, Petrosyan et al [37] found that the mean bind-
ing index in bone sarcomas is 9.7% and markedly exceeds
the same parameter in benign bone neoplasms. The
expression of this antigen has been shown to correlate
with the extent of biological tumor activity and the clinical
course of the disease. However, studies into the possibility
of using this indicator as a prognostic test preceding recur-
rences have not been conducted, rendering its application
in this respect impossible at present.

TNF-b and soluble TNF receptor
Kotz et al [38] determined serum levels of tumor necrosis
factor beta (TNF-b) and soluble TNF receptor in pediatric
patients with highly malignant primary bone tumors. Both
TNF-b and soluble TNF receptor levels were lower in
serum from pediatric osteosarcoma patients as compared
with those with Ewing’s sarcoma. In patients with high-
grade osteosarcoma, but not Ewing’s sarcoma, high levels
of TNF-b correlated with a bad response to neoadjuvant
chemotherapy. In patients with high-grade osteosarcoma,
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TNF-b levels seem to be of predictive value, and both
TNF-b and soluble TNF receptor levels seem to be of
diagnostic value for differentiation between high-grade
osteosarcoma and Ewing’s sarcoma in children.

Markers of bone formation and resorption
In adolescent patients with bone sarcoma, bone mass
acquisition is potentially compromised at a time when it
should be at a maximum [39]. To evaluate this problem,
the authors measured bone mineral density and serum
markers of bone formation and resorption in a series of
pediatric patients with bone tumors [40]. Ruza et al [41]
analyzed 85 samples from 59 patients with osteosarcoma
and 54 samples from 36 patients with Ewing’s sarcoma.
Serum markers of bone formation (procollagen type I C-
terminal propeptide and osteocalcin) and resorption (car-
boxyterminal telopeptide) were lower than reference
values throughout. Significant alterations in other markers
were also observed. Up to one third of patients with osteo-
sarcoma and Ewing’s sarcoma in clinical remission had

some degree of bone mineral density deficit. The corre-
sponding increased risk in pathologic bone fractures her-
alds a reduction in future quality of life.

Tri-iodothyronine
The functional condition of different components of the
endocrine system undergoes certain changes during the
malignant process. In several situations, it was determined
that an impaired hormonal balance can have a central role
in the pathogenesis of tumoral transformation in the tis-
sues. This suggests that the search for dynamic deviations
in levels of biologically active compounds developing dur-
ing the premanifestation stage needs to be conducted for
hormonal indicators, in particular indicators of thyroid
homeostasis, since it is the thyroid hormones that, unlike
other hormones, have the widest range of biological activ-
ity, including regulating the main stages of all metabolic
processes in the organism, affecting proliferation speed
and nervous and immune system function, the status of
which, in turn, largely determines resistance of the

Table 1 List of candidate serum markers for pediatric osteosarcoma and their possible clinical utility.

Serum
marker

Observation for pediatric osteosarcoma Assessed clinical utility for pediatric
osteosarcoma

References

Free
polyamines

POS development is accompanied by disorders of polyamine metabolism
spurring their intensive release from cells into biological fluids

Informative indicator of a malignant
process in POS

Ladanyi et al
[35]

IGF-1 and
IGFBP-3

IGF-1/IGFBP-3 levels correlate with the presence of metastatic disease,
histologic response, event-free survival

Promising predictive factor of
development or clinical characteristics
of POS

Rodriguez-
Galindo et al
[36]

anti-ki57
antibody

Increased levels anti-ki57 antibody associated with extent of biological
activity of tumor and clinical course of POS

Prognostic factor for POS progression Petrosyan et al
[37]

TNF-b and
sTNF-R

In high-grade POS, high levels of TNF-b correlated with bad response to
neoadjuvant chemotherapy

Marker for monitoring of response to
neoadjuvant chemotherapy in POS

Holzer et al [38]

ANG Expression of ANG correlates with an increase in local density of blood
vessels in tumor tissue, with development of pulmonary metastasis and
poor prognosis

Diagnostic and prognostic factor of
primary POS

Kushlinskii et al
[52]

Bone
formation/
resorption

Decreased production of PICP, OC, ICTP associated with bone metabolism
in POS

Risk factor for pathologic bone
fractures in POS

Gajewska et al
[40]

T3 Increased levels T3 associated with poor/good disease-free survival Marker of good and poor POS
prognosis

Sidorenko et al
[42]

CD44 No significant difference was observed between serum CD44 levels of
children with sarcoma and healthy children

Serum CD44 levels were not found to
be of value in diagnosis or prognosis
for POS

Kebudi et al [43]

VEGF Increased VEGF levels correlates with tumor stage and disease-free
survival

Prognostic factor in POS Koznetsova et al
[85]

SAA Increased SAA levels associated with type of tumor and high-risk POS
development

Differentiates malignant bone cancer
from benign bone tumors and detects
POS in high-risk children

Krizkova et al
[44]

BALP Increased BALP levels associated with development of POS Marker for late detecting, monitoring,
and assessment of the efficacy of
therapy in POS

Ambroszkiewicz
et al [17]

CXC
chemokines

Increased CXCL4, CXCL6, and CXCL12 levels associated with poor disease-
free survival

Prognostic factor for POS outcomes Li et al [50]

IL-2, IL-4, IL-
8, IFN-g, TNF-
a

Analysis of cytokine concentration showed large statistically significant
differences between POS and control group for IL-4 and IL-8

Markers for individual reaction of
organism to the development of POS

Markiewicz et al
[24]
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organism to malignancy [42]. A method of predicting pro-
cess generation in children and adolescents with osteosar-
coma useful for comprehensive tumor treatment and
biochemical study. One distinctive feature is that after
comprehensive treatment resulting in a complete clinical
and laboratory remission, the patient’s blood is tested for
the free fraction of tri-iodothyronine thyroid hormone. A
level of 4.0-5.2 pmol/mL predicts remission of 6-24
months, while a level of 5.8-7.4 pmol/mL points to genera-
tion of the malignant process in 1-3 months. The assess-
ment makes it possible to use free T3 in the blood after
treatment as an additional laboratory indicator to assess
the future course of the disease and to initiate appropriate
treatment in a timely fashion.

CD44
Kebudi et al [43] compared serum CD44 levels in children
having sarcomas with those in healthy children. There was
no statistically significant difference between serum CD44
levels in children with sarcomas and those in healthy chil-
dren. There was no significant difference between serum
CD44 levels according to stage or outcome. In this study,
serum CD44 levels were not found to be of diagnostic or
prognostic value for osteosarcoma in children.

Amyloid protein A
Using proteomic profiles, the authors constructed a multi-
variate three-nearest neighbor classifier to distinguish
pediatric osteosarcoma from osteochondroma patients
with a sensitivity of 97% and a specificity of 80% based on
external leave-one-out cross-validation [44]. One of the
proteins in the proteomic signature was identified as
serum amyloid protein A. Classification based on this
plasma proteomic signature may be useful to differentiate
malignant bone cancer from benign bone tumors and for
early detection of osteosarcoma in high-risk children.

Bone alkaline phosphatase
Osteosarcoma usually develops in young children [45].
While the incidence of osteosarcoma increases steadily
with age, a relatively dramatic increase in adolescence cor-
responds with the growth spurt [46]. This is good reason
to suggest a link between the blastomatic process and the
bone growth spurt, as well as sports and other physical
activities. Biochemical markers of bone turnover reflecting
the intensity of the bone remodeling process in the skele-
ton are important for fast and noninvasive assessment of
bone formation and resorption processes [47]. They can
be used in terms of both physiological and pathological
states. An elevated level of serum bone alkaline phospha-
tase, which is found in more than 40% of osteosarcoma
patients, is also a valuable diagnostic parameter [48]. How-
ever, due to the difficulties in general standardization, this
parameter may be difficult to interpret in younger patients.

Ambroszkiewicz et al showed that bone turnover markers,
especially bone alkaline phosphatase, may be useful in the
monitoring and assessment of treatment efficacy in chil-
dren’s osteosarcoma [49].

CXC chemokines
Li et al [50] used an antibody microarray to identify che-
mokines that were elevated in serum samples of pediatric
osteosarcoma patients. The results demonstrated that
CXCL4 and CXCL6 are frequently expressed in osteosar-
coma, and that plasma levels of these two chemokines are
associated with patient outcomes. Further study of these
circulating chemokines may provide a promising approach
for prognostication of pediatric osteosarcoma.

Cytokines
Causes of osteosarcoma are still unknown and the reaction
of the immune system to its development is very indivi-
dual. Particular emphasis must be placed on the role of
cytokines in immunoregulatory and coordinating func-
tions and tumor cell disruption. Knowledge about cytokine
concentrations in serum, with regard to mechanisms of
oncogenesis, may have prognostic significance for the
further course of osteosarcoma in children. In a study that
evaluated interleukin (IL)-2, IL-4, IL-8, interferon (IFN)-g,
and TNF-a concentrations at the time of diagnosis in chil-
dren with osteosarcoma, the following concentrations of
peripheral blood cytokines were observed: IL-2 10.7 pg/
mL, IFN-g 1.3 pg/mL, TNF-a 28.3 pg/mL, IL-4 2.0 pg/mL,
and IL-8 13.5 pg/mL [51]. Results of studies obtained at
diagnosis did not give a specific answer about the prog-
nosis and further course of osteosarcoma in patients
according to age. Big differences in cytokine concentra-
tions in children and youth with osteosarcoma might be
associated with individual biological variations and indivi-
dual reactions to the development of neoplastic disease.
Further studies in this direction are needed before the
start of cytostatic therapy and therapeutic monitoring of
cytostatic therapy.

Angiogenin
The relevance of neoangiogenesis (formation of new blood
vessels) in malignant tumors is not in doubt, because
tumors cannot develop without forming an extensive
capillary network to ensure the performance of their vital
functions [52,53]. A critical step in the development of
osteosarcoma is hematogenous metastasis [54]. The aver-
age dissemination time does not usually exceed 8-12
months. The results of many study confirm the suggestion
that angiogenin plays a key role in hematogenous metasta-
sis [55]. The development of angiogenin-dependent angio-
genesis and the growth of small blood vessels increases
the chances of tumor cells entering the circulation,
because the newly formed small capillaries with a
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fragmented basal membrane are much easier for the
tumor cells to pass through than larger vessels [56]. In
addition, a large number of small vessels have a larger sur-
face through which tumor cells metastasize quickly. Corre-
lation between the angiogenin level in the blood and the
presence of metastasis, as well as the timing of metastasis,
appears to have prognostic significance in osteosarcoma
patients [57]. Thus, the expression of angiogenin in pri-
mary osteosarcoma correlates with an increase in the local
density of blood vessels in tumor tissue, with the develop-
ment of metastatic pulmonary disease and a poor prog-
nosis [58]. It may be possible to use angiogenin as a
marker for predicting metastasis in pediatric osteosarcoma
patients. This is important due to the fact that diagnostic
errors, as experience shows, are fairly common.
A study by Kreuter et al assessed osteosarcoma tumori-

genesis in pediatric patients treated on the basis of micro-
vessel density and vascular endothelial growth factor
expression [59]. No differences in the extent of angiogen-
esis were seen in relation to treatment outcome or pre-
sence of metastasis. However, studies like this are scarce
and the results are not always accurate.

Biomarker-IgM immune complexes
Natural antibodies are hallmark components of anticancer
activity [60,61]. Natural antibodies have multiple roles in
the immune system, [62] and appear to maintain B cell
homeostasis, clear apoptotic cells, and protect against
autoimmunity. All tumor-specific antibodies belong
almost exclusively to the IgM class [63]. Human serum
contains natural antibodies, which are present prior to the
development of cancer [64]. During the first phase of this
process, i.e., the primary immune response, IgM is the spe-
cific antibody produced [65].
In contrast with the detection of serum tumor angio-

genesis antigens, the detection of natural serum antibo-
dies to tumor angiogenesis antigens may provide reliable
serum markers for early diagnosis and prognosis in
pediatric osteosarcoma [66,67]. Tumor-associated natural
IgM antibodies circulate in the blood much earlier than
serum antigens [68,69]. Natural IgM antibodies to tumor
antigen have been reported in patients with early-stage
cancer, and a panel of serum antibodies can detect cancer
5 years prior to radiographic detection [70,71]. Biomar-
ker-IgM immune complexes are a novel class of serum
tumor markers with greater diagnostic potential than the
corresponding free markers.
The advantage of this approach is that it should be pos-

sible to detect the full range of heterogenous osteosarco-
mas by increasing the number of angiogenin-IgM assays
or altering the antigens used in the natural IgM antibodies
panel. Circulating immune complexes formed by tumor
antigens and IgM represent a novel class of serum tumor
markers with diagnostic value for early detection of

osteosarcoma. Measuring natural antibodies to angiogen-
esis bioregulators could become an additional method for
early diagnosis of pediatric osteosarcoma. Analysis of the
work done to date will allow the physician to assess the
health status of a child objectively, to obtain data on possi-
ble risk groups based on selected criteria and initiate pre-
vention efforts in a timely manner. Studies in these areas
have become the basis of a new research direction for
comprehensive study of immune status in children [72].
Maintenance of angiogenin-IgM may also be an important
aspect of osteosarcoma tumorigenesis and could be linked
to prognosis. It is thus reasonable to increase the range of
classical markers using in practice by adding such novel
prognostic markers as angiogenin-IgM.

Potential use of serum tumor markers for early detection,
diagnosis, and prevention
We do not know what causes children to develop bone
tumors. Only about two in every 10 children who develop
malignant bone tumors have a family history of the condi-
tion [73]. Children aged 6-12 years are the age group most
likely to develop benign bone tumors, although the tumors
sometimes show up in children as young as two years of
age [74]. Osteosarcoma usually begins when children are
young teenagers [75]. This is a time when their bones are
growing very rapidly and they are often taking part in
sports and other physical activities [76]. The most com-
mon age at which children are diagnosed with these
cancers is 14 years [77].
Progress in the fields of biochemistry, molecular biology,

and biotechnology has allowed researchers and clinicians
to use biologically significant indicators to assist in pre-
dicting early osteosarcoma in children and in choosing
appropriate therapy when the disease is advanced. The
future of pediatric osteosarcoma markers must involve a
more molecular approach to the measurement of relevant
clinical prognostic factors and the development of treat-
ments based on the molecular profile of tumors.
The specificity of an individual tumor marker is quite

low, but increases when several markers are used in com-
bination [78,79]. The accuracy of studies of tumor markers
is contingent on their sensitivity and specificity [80-83].
Markers can be major, minor, and additional [84]. A
major marker is one with high sensitivity and specificity
for a certain type of tumor [85]. Minor markers are typi-
cally measured in parallel with measurement of the major
marker [86]. Minor markers have lower tumor sensitivity
and specificity in comparison with the major marker.
When used in conjunction with the major marker, a
minor marker increases the probability of detecting a
tumor. Additional markers are generally more sensitive to
the disease than minor markers, but can be specific to a
particular organ. In addition, the increase in marker levels
is associated with tumor recurrence [87].
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Because osteosarcoma is heterogeneous, we suggest
measuring all three types of markers at the beginning of
treatment (marker of natural immunity as major, marker
of thyroid hormone status as minor, and marker of bone
tumor angiogenesis as additional). The triple test is an
investigation to classify a pediatric patient as either high-
risk or low-risk for osteosarcoma. An understanding of
the balance between, bone tumor angiogenesis, and thyr-
oid hormone status may assist in diagnostics and thera-
peutics for children with osteosarcoma. The potential
effect of an intrinsic dynamic balance of tumor angiogen-
esis residing in a single hormone is an attractive concept
for regulation of vascularization in osteosarcoma. A posi-
tive test in children indicates a high risk of developing
osteosarcoma.

Discussion
The following conclusions (Table 1) can be drawn after
analyzing the data on the significance of serum tumor
markers for diagnosing pediatric osteosarcoma (early
diagnosis, differential diagnosis, early detection of recur-
rence and metastasis), monitoring (assessment of extent
of tumor, choice of adequate therapy, evaluating effec-
tiveness of treatment) and prognosis [88-92]:

● So far no specific diagnostic preparation has been
developed capable of detecting a malignant tumor of
a certain histological type (pediatric osteosarcoma)
and locating it at the earliest possible stages of
formation.
● No universal and specific serum tumor markers
have been found for early diagnosis of pediatric
osteosarcoma and primary screening in risk groups.
● Several markers can be used successfully for the
diagnosis of osteosarcoma in children.
● Most of the characterized markers are used for
monitoring, while some are employed for the predic-
tion of pediatric osteosarcoma.
● Although initial expectations concerning sensitivity
and specificity of individual serum markers have not
been fulfilled, a rational approach to these tests and
balanced interpretation of the results make them
clinical significant.
● The number of serum markers for diagnosing
osteosarcoma is growing, which poses the question
of differentiating between them, performing complex
multivariate analysis of diagnostic tests pathognomo-
nic for osteosarcoma, the use of discriminant vari-
ables, which will optimize the examination plans for
individual patients, monitoring, and giving a
prognosis.

We must acknowledge that, despite the presence of a
broad range of tumor markers for the diagnosis and

monitoring of pediatric osteosarcoma, so far no unequi-
vocal system has been developed for introducing these
markers into clinical practice. Based on analysis of the
current state of the problem of using tumor markers for
primary diagnosis and monitoring in children’s osteosar-
coma, schemes have been developed for the most effec-
tive and appropriate serum markers. These schemes
include nonspecific tumor-induced and tumor-produced
markers with high specificity and sensitivity that have
been found suitable for topical diagnosis. Introduction of
biochemical tests for diagnosis and monitoring should be
decided at the international level with regard to equip-
ment in laboratories. Nonspecialized laboratories tasked
with surveying the patient for diagnosis, in particular the
identification of pathology, can be advised to use simple,
affordable systems for nonspecific markers [93-95].
The clinical significance of individual serum osteosar-

coma markers has been widely debated. Despite the fact
that the relevance of these markers is being checked
constantly, some of them are used in clinical practice.
The importance of individual tumor markers need not
be overstated, since they are only an additional diagnos-
tic tool with limited applicability and diagnostic accu-
racy. Improving their diagnostic accuracy requires an
individual therapeutic approach to each patient. Formu-
lation of an individual approach is largely determined by
the choice of tactics based on knowledge of the major
factors influencing the course of the disease. Numerous
international studies conducted using univariate and
multivariate analysis revealed a number of prognostic
factors in osteosarcoma.
Serum tumor markers seemed to be ideal for early diag-

nosis of cancer. However, the lack of sensitivity and speci-
ficity has been a major problem in the use of most serum
tumor markers for diagnosis of pediatric osteosarcoma. In
the vast majority of research studies over the past two dec-
ades, only combination of major (natural immunity),
minor (thyroid hormone status), and additional (bone
tumor angiogenesis) markers has been applied as a “gold
standard” for monitoring and diagnosis of pediatric osteo-
sarcoma patients. Recent advances in knowledge concern-
ing the molecular biology of pediatric osteosarcoma will
hopefully result in serum tumor markers.

Abbreviations
ANG: angiogenin; BALP: bone alkaline phosphatase; IL: interleukin; TNF:
tumor necrosis factor; POS: pediatric osteosarcoma; IFN: interferon; SAA:
serum amyloid protein A; IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-
like growth factor-1 binding protein; VEGF: vascular endothelial growth
factor; sTNF-R: soluble TNF receptor; PICP: procollagen type I C-terminal
peptide; OC: osteocalcin; ICTP: pyridinoline cross-linked carboxyterminal
telopeptide of type I collagen.

Acknowledgements
This research was supported by a FONSEC SSA/IMSS/ISSSTE-CONACyT grant
SALUD-2010-C01-138883 to YAS.

Savitskaya et al. Clinical Sarcoma Research 2012, 2:9
http://www.clinicalsarcomaresearch.com/content/2/1/9

Page 6 of 9



Author details
1Tissue Engineering, Cell Therapy and Regenerative Medicine Unit, National
Institute of Rehabilitation, Calzada México Xochimilco 289, Colonia Arenal de
Guadalupe, Delegación Tlalpan, México, D.F., México, Código Postal 14389.
2Department of Bone Tumors, National Institute of Rehabilitation, Calzada
México Xochimilco 289, Colonia Arenal de Guadalupe, Delegación Tlalpan,
México, D.F., México, Código Postal 14389. 3Laboratory of Clinical Pathology,
National Institute of Rehabilitation, Calzada México Xochimilco 289, Colonia
Arenal de Guadalupe, Delegación Tlalpan, México, D.F., México, Código
Postal 14389. 4Department of Chromatography, National Institute of
Rehabilitation, Calzada México Xochimilco 289, Colonia Arenal de Guadalupe,
Delegación Tlalpan, México, D.F., México, Código Postal 14389. 5Department
of Pediatric Orthopedics, National Institute of Rehabilitation, Calzada México
Xochimilco 289, Colonia Arenal de Guadalupe, Delegación Tlalpan, México,
D.F., México, Código Postal 14389. 6Department of Sports Medicine and
Arthroscopy, National Institute of Rehabilitation, Calzada México Xochimilco
289, Colonia Arenal de Guadalupe, Delegación Tlalpan, México, D.F., México,
Código Postal 14389.

Authors’ contributions
YAS conceived of the manuscript aims, reviewed the literature and wrote
the manuscript. GRM co-designed the manuscript. LMLG corrected the
writing. EADC reviewed the literature. RTG checked the serum biomarkers
content. ABAR edited the manuscript. ART assisted in revision of the
manuscript. JCIPL directed the manuscript. All authors read and approved
the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 November 2011 Accepted: 23 March 2012
Published: 23 March 2012

References
1. Meyers PA, Gorlick R: Osteosarcoma. Pediatr Clin North Am 1997, 44:973-89.
2. Link MP, Eilber F: Pediatric oncology: Osteosarcoma. In Principles and

Practice of Pediatric Oncology. Edited by: Pizzo PA, Poplack DG. Philadelphia,
PA: Lippincott; 1989:.

3. Bielack SS, Bernstein ML: Osteosarcoma. Cancer in Children: Clinical
Management. 5 edition. New York, NY: Oxford University Press; 2005.

4. Mankin HJ, Mankin CJ, Simon MA: The hazards of the biopsy, revisited.
Members of the Musculoskeletal Tumor Society. J Bone Joint Surg Am
1996, 78:656-63.

5. Enneking WF, Spanier SS, Goodman MA: A system for the surgical staging
of musculoskeletal sarcoma. Clin Orthop 1980, 153:106-20.

6. Aljubran AH: Osteosarcoma in adolescents and adults: survival analysis
with and without lung metastases. Ann Oncol 2009, 20:1136-41.

7. Nagarajan R, Kamruzzaman A, Ness KK, Marchese VG, Sklar C, Mertens A:
Twenty years of follow-up of survivors of childhood osteosarcoma: a
report from the childhood cancer survivor study. Cancer 2011,
117:625-34.

8. Clark JC, Dass CR, Choong PF: A review of clinical and molecular
prognostic factors in osteosarcoma. J Cancer Res Clin Oncol 2008,
134:281-97.

9. Hua Y, Jia X, Sun M, Zheng L, Yin L, Zhang L, Cai Z: Plasma membrane
proteomic analysis of human osteosarcoma and osteoblastic cells:
revealing NDRG1 as a marker for osteosarcoma. Tumour Biol 2011,
32(5):1013-21, Epub 2011 Jun 25.

10. Li Y, Dang TA, Shen J, et al: Identification of a plasma proteomic
signature to distinguish pediatric osteosarcoma from benign
osteochondroma. Proteomics 2006, 6:3426-35.

11. Bielack S, Jürgens H, Jundt G, et al: Osteosarcoma: the COSS experience.
Cancer Treat Res 2009, 152:289-08.

12. Franke M, Hardes J, Helmke K, et al: Solitary skeletal osteosarcoma
recurrence. Findings from the Cooperative Osteosarcoma Study Group.
Pediatr Blood Cancer 2011, 56:771-76.

13. Fuchs N, Bielack SS, Epler D: Long-term results of the co-operative
German-Austrian-Swiss Osteosarcoma Study Group’s protocol COSS-86
of intensive multidrug chemotherapy and surgery for osteosarcoma of
the limbs. Ann Oncol 1998, 9:893-99.

14. Ham SJ, Kroon HM, Koops HS: Osteosarcoma of the pelvis - oncological
results of 40 patients registered by The Netherlands Committee on
Bone Tumours. Eur J Surg Oncol 2000, 26:53-60.

15. Lewis IJ, Nooij M, the European Osteosarcoma Intergroup: Chemotherapy
at standard or increased dose intensity in patients with operable
osteosarcoma of the extremity: a randomised controlled trial conducted
by the European Osteosarcoma Intergroup (ISRCTN 86294690). Proc Am
Soc Clin Oncol 2003, 22:816.

16. Woodgate R: A critical review of qualitative research related to children’s
experiences with cancer. J Pediatr Oncol Nurs 2000, 17:207-28.

17. Ambroszkiewicz J, Gajewska J, Klepacka T, Chełchowska M, Laskowska-
Klita T, Woźniak W: Clinical utility of biochemical bone turnover markers
in children and adolescents with osteosarcoma. Adv Med Sci 2010,
55:266-72.

18. Pandha HS, Waxman J: Tumour markers. Q J Med 1995, 88:233-41.
19. Perkins GL, Slater ED, Sanders GK, Prichard JG: Serum tumor markers. Am

Fam 2003, 68:1075-82.
20. Ambroszkiewicz J, Gajewska J, Klepacka T, Chełchowska M, Laskowska-

Klita T, Woźniak W: A comparison of serum concentrations of
biochemical bone turnover markers in patients with osteosarcoma with
good and poor prognosis. Pol Merkur Lekarski 2010, 29:19-26, Polish.

21. DuBois S, Demetri G: Markers of angiogenesis and clinical features in
patients with sarcoma. Cancer 2007, 109:813-39.

22. Kager L, Zoubek A, Dominkus M, Lang S, Bodmer N, Jundt G:
Osteosarcoma in very young children: experience of the Cooperative
Osteosarcoma Study Group. Cancer 2010, 116:5316-24.

23. Mare SD, Kurek KC, Stein GS, Lian JB, Aqeilan RI: Role of the WWOX tumor
suppressor gene in bone homeostasis and the pathogenesis of
osteosarcoma. Am J Cancer Res 2011, 1:585-94.

24. Markiewicz K, Zeman K, Kozar A, Gołebiowska-Wawrzyniak M: Evaluation of
selected cytokines in children and adolescents with osteosarcoma at
diagnosis - preliminary report. Med Wieku Rozwoj 2011, 15:25-31, Polish.

25. Mikulic D, Ilic I, Cepulic M: Tumor angiogenesis and outcome in
osteosarcoma. Pediatr Hematol Oncol 2004, 1:611-19.

26. Roulston JE, Leonard RCF: Serological Tumour Markers: An Introduction.
Edinburgh, Scotland: Churchill Livingstone; 1993.

27. Folkman J: Angiogenesis in cancer, vascular, rheumatoid and other
disease. Nat Med 1995, 1:27-31.

28. Folkman J: Clinical applications of research on angiogenesis. N Engl J Med
1995, 333:1750-57.

29. Folkman J: Tumor angiogenesis and metastasis: correlation in invasive
breast carcinoma. N Engl J Med 1991, 324:1-8.

30. Saab R, Rao BN, Rodriguez-Galindo C, Billups CA, Fortenberry TN, Daw NC:
Osteosarcoma of the pelvis in children and young adults: the St. Jude
Children’s Research Hospital experience. Cancer 2005, 103:1468-74.

31. Aziz K: Tumour markers: current status and future applications. Scand J
Clin Lab Invest 1995, 221:153-35.

32. Barak V, Goike H, Panaretakis KW, Einarsson R: Clinical utility of
cytokeratins as tumor markers. Clin Biochem 2004, 37:529-40.

33. Savitskaya YA, Rico G, Linares L, Mendez T, Martinez E, Estrada E, Marin N,
Ibarra C: Circulating biomarker-IgM complexes in the serum of pediatric
patients with osteosarcoma and Ewing’s tumor. Ann Rheum Dis 2011,
70(Suppl3):189.

34. Balitskaia OV, Berdinskikh NK, Kononenko NG: The possibilities of using the
free polyamines of the peripheral blood as biochemical tumor markers
in cancer children. Vopr Onkol 1992, 38:674-82.

35. Ladanyi M, Gorlick R: Molecular pathology and molecular pharmacology
of osteosarcoma. Pediatr Pathol Mol Med 2000, 19:391-13.

36. Rodriguez-Galindo C, Poquette CA, Daw NC, Tan M, Meyer WH,
Cleveland JL: Circulating concentrations of IGF-I and IGFBP-3 are not
predictive of incidence or clinical behavior of pediatric osteosarcoma.
Med Pediatr Oncol 2001, 36:605-11.

37. Petrosyan AS, Ivanova NM, Pashkov YV, Dzimnaev AZ: Prognostic factors in
children with osteosarcoma. Pediatric Oncology 2003, 2:40.

38. Holzer G, Pfandlsteiner T, Blahovec H, Trieb K, Kotz R: Serum levels of TNF-
beta and sTNF-R in patients with malignant bone tumours. Anticancer
Res 2003, 23:3057-59.

39. Glass AG, Fraumeni JF Jr: Epidemiology of bone cancer in children. J Natl
Cancer Inst 1970, 44:187-99.

Savitskaya et al. Clinical Sarcoma Research 2012, 2:9
http://www.clinicalsarcomaresearch.com/content/2/1/9

Page 7 of 9

http://www.ncbi.nlm.nih.gov/pubmed/9286295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8642021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8642021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7449206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7449206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19153114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19153114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20922787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20922787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17965883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17965883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21706236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21706236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21706236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16673437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16673437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16673437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20213397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21370409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21370409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10718181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10718181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10718181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11063515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11063515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21084254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21084254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20712242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20712242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20712242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17265525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17265525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20672353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20672353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21731849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21731849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21731849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21786509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21786509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21786509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7584949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7584949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7491140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1701519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1701519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15739209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15739209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15234234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15234234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1338669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1338669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1338669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11344491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11344491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12926161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12926161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11515030?dopt=Abstract


40. Gajewska J, Ambroszkiewicz J, Rychlowska-Pruszynska M, Laskowska-Klita T:
Markers of bone formation in children with osteosarcoma. Med Wieku
Rozwoj 2004, 8(2Pt1):235-43, Polish.

41. Ruza E, Sierrasesúmaga L, Azcona C, Patiño-Garcia A: Bone mineral density
and bone metabolism in children treated for bone sarcomas. Pediatr Res
2006, 59:866-71.

42. Sidorenko YS, Lazutin YN, Kozlova MB, et al: Prognostic method for the
generalisation malignant process in children with osteosarcoma. Russian
Federation 2004, Patent 2003106131A.

43. Kebudi R, Ayan I, Yasasever V, Demokan S, Görgün O: Are serum levels of
CD44 relevant in children with pediatric sarcomas? Pediatr Blood Cancer
2006, 46:62-65.

44. Krizkova S, Masarik M, Majzlik P, et al: Serum metallothionein in newly
diagnosed patients with childhood solid tumours. Acta Biochim Pol 2010,
57:561-66.

45. Rosen G, Forscher CA, Mankin HJ: Neoplasms of bone and soft tissue:
bone tumors. In Cancer Medicine.. 5 edition. Edited by: Bast RCJ, Kufe DW,
Pollock RE. Hamilton, Canada: BC Decker Inc; 2000:.

46. Price CH: Primary bone-forming tumours and their relationship to
skeletal growth. J Bone Joint Surg Br 1958, 40:574-93.

47. Ambroszkiewicz J, Klemarczyk W, Gajewska J, Chełchowska M, Franek E,
Laskowska-Klita T: The influence of vegan diet on bone mineral density
and biochemical bone turnover markers. Pediatr Endocrinol Diabetes
Metab 2010, 16:201-14.

48. Levine AM, Rosenberg SA: Alkaline phosphatase levels in osteosarcoma
tissue are related to prognosis. Cancer 1979, 44:2291-93.

49. Ambroszkiewicz J, Gajewska J, Klepacka T, Bilska K, Woźniak W, Laskowska-
Klita T: Biochemical bone turnover markers in patients with conventional
and nonconventional osteosarcoma. Pol Merkur Lekarski 2006, 21:330-34,
Polish.

50. Li Y, Flores R, Yu A, et al: Elevated expression of CXC chemokines in
pediatric osteosarcoma patients. Cancer 2011, 117:207-17.

51. Manson JJ: Natural serum IgM maintains immunological homeostasis
and prevents autoimmunity. Springer Semin Immunopathol 2005,
26:425-32.

52. Kushlinskii NE, Babkina IV, Solovev YN, Trapeznikov NN: Vascular
endothelium growth factor and angiogenin in the serum of patients
with osteosarcoma and Ewing’s tumor. Bull Exp Biol Med 2000, 130:691-93.

53. Poon RT: Clinical implications of circulating angiogenic factors in cancer
patients. J Clin Oncol 2001, 19:1207-25.

54. Briccoli A, Rocca M, Salone M: Resection of recurrent pulmonary
metastases in patients with osteosarcoma. Cancer 2005, 104:1721-25.

55. Mialou V, Philip T, Kalifa C: Metastatic osteosarcoma at diagnosis:
prognostic factors and long-term outcome - the French pediatric
experience. Cancer 2005, 104:1100-09.

56. Riordan JF: Angiogenin. Methods Enzymol 2001, 341:263-73.
57. Sznurkowska K, Korzon M: Assessment of angiogenesis in children’s

osteosarcoma. Med Wieku Rozwoj 2006, 10:737-44.
58. Horkina SA, Kushlinskii NE, Babkina IV, Trapeznikov NN: Vascular

endothelium growth factor and angiogenin in the serum of patients
with osteosarcoma and Ewing’s tumor. Bull Exp Biol Med 2000, 130:691-93.

59. Kreuter M, Bieker R, Bielack SS: Prognostic relevance of increased
angiogenesis in osteosarcoma. Clin Cancer Res 2004, 10:8531-37.

60. Avrameas S: Natural autoantibodies: the other side of the immune
system. Res Immunol 1995, 146:235.

61. Vollmers HP: Natural IgM antibodies and cancer. J Autoimmun 2007,
29:295-02.

62. Vollmers HP: Natural IgM antibodies, the ignored weapons in tumour
immunity. Histol Histopathol 2004, 19:897-05.

63. Volmmers HP, Brandlein S: The “early birds": natural IgM antibodies and
immune surveillance. Histol Histopathol 2005, 20:927-37.

64. Nesterova M, Johnson N, Cheadle C, Cho-Chung YS: Autoantibody
biomarker opens a new gateway for cancer diagnosis. Biochim Biophys
Acta 2006, 1762:398-03.

65. Vollmers HP: Natural IgM antibodies: from parias to parvenus. Histol
Histopathol 2006, 21:1355-66.

66. Folkman J: Angiogenesis research: guidelines for translation to clinical
application. Thromb Haemost 2001, 86:23-33.

67. Torre GC, Lucchese V, Rembado R, Barbetti V: Tumour markers: from
laboratory to clinical use. Anticancer Res 1996, 16:22159.

68. Boes M: Role of natural and immune IgM antibodies in immune
responses. Mol Immunol 2000, 37:1141-49.

69. Gurney JG, Swensen AR, Bulterys M: Malignant bone tumors. In Cancer
Incidence and Survival Among Children and Adolescents: United States SEER
Program 1975-1995. Edited by: Ries LAG, Smith MA, Gurney JG et al.
Bethesda, MD: National Cancer Institute, SEER Program; 1999:.

70. Lequin RM: Enzyme-linked immunosorbent assay (ELISA). Clin Chem 2005,
51:2415-18.

71. Panthak AP, Pepper MS: Circulating and imaging markers for
angiogenesis. Angiogenesis 2008, 11:321-35.

72. Bosl GJ, Bajorin DF, Sheinfeld J, Motzer RJ, Chaganti RS: Cancer of the
testis. In Cancer, Principles and Practice of Oncology.. 6 edition. Edited by:
DeVita VT, Hellman S, Rosenberg SA, et al. Philadelphia, PA: Lippincott,
Williams and Wilkins; 2001:.

73. Rabin K: Personalized care of pediatric cancer patients. Nestle Nutr
Workshop Ser Pediatr Program 2008, 62:173-85, discussion 185-188.

74. Wallander JL, Varni JW: Effects of pediatric chronic physical disorders on
child and family adjustment. J Child Psychol Psychiatry 1998, 39:29-46.

75. Marcove RC, Mike V, Hajek JV: Osteogenic sarcoma under the age of
twenty-one. A review of one hundred and forty-five operative cases. J
Bone Joint Surg Am 1970, 52:411-23.

76. Longhi A, Pasini A, Cicognani A: Height as a risk factor for osteosarcoma.
J Pediatr Hematol Oncol 2005, 27:314-18.

77. Jemal A, Siegel R, Ward E, et al: Cancer statistics. CA Cancer J Clin 2008,
58:71-96.

78. Bieling P, Rehan N, Winkler P: Tumour size and prognosis in aggressively
treated osteosarcoma. J Clin Oncol 1996, 14:848-58.

79. Birkmayer GD: Markers of central nervous system tumors. Immunol Ser
1990, 53:317-22.

80. de Alava E: Molecular pathology in sarcomas. Clin Transl Oncol 2007,
9:130-44.

81. Folkman J: Tumor angiogenesis. Adv Cancer Res 1985, 43:175-03.
82. Riley RD, Burchill SA, Abrams KR, et al: A systematic review and evaluation

of the use of tumour markers in paediatric oncology: Ewing’s sarcoma
and neuroblastoma. Health Technol Assess 2003, 7:1-162.

83. Smeland S: Scandinavian Sarcoma Group Osteosarcoma Study SSG VIII:
prognostic factors for outcome and the role of replacement salvage
chemotherapy for poor histological responders. Eur J Cancer 2003,
39:488-94.

84. Hayes DF, Bast RC, Desch CE, et al: Tumor marker utility grading system: a
framework to evaluate clinical utility of tumor markers. J Natl Cancer Inst
1996, 88:1456-66.

85. Koznetsova OM, Kushlinski NE, Berezov TT: Angiogenin concentration in
serum of patiens with osteosarcoma: survival analysis with and without
lung metastases. Vopr Onk 2009, 1-6, Russian.

86. Pasanen PA, Eskelinen M, Partanen K, Pikkarainen P, Penttila I, Alhava E:
Multivariate analysis of six serum tumor markers (CEA, CA 50, CA 242,
TPA, TPS, TATI) and conventional laboratory tests in the diagnosis of
hepatopancreatobiliary malignancy. Anticancer Res 1995, 15:2731-37.

87. Raica M: Angiogenesis in pre-malignant conditions. Eur J Cancer 2009,
45:1924-34.

88. Ewing J: Further report of endothelial myeloma of bone. Proc NY Pathol
Soc 1924, 24:93-100.

89. Kaste SC, Pratt CB, Cain AM: Metastases detected at the time of diagnosis
of primary pediatric extremity osteosarcoma at diagnosis: imaging
features. Cancer 1999, 86:1602-08.

90. Marina NM, Pratt CB, Rao BN: Improved prognosis of children with
osteosarcoma metastatic to the lung(s) at the time of diagnosis. Cancer
1992, 70:2722-27.

91. Meyers PA, Schwartz CL, Krailo MD: Osteosarcoma: the addition of
muramyl tripeptide to chemotherapy improves overall survival - a report
from the Children’s Oncology Group. J Clin Oncol 2008, 26:633-38.

92. Varambally S, Bar-Dayan Y, Bayry J, Lacroix-Desmazes S, Horn M, Sorel M:
Natural human polyreactive IgM induce apoptosis of lymphoid cell lines
and human peripheral blood mononuclear cells. Int Immunol 2004,
16:517-24.

93. Gralla RJ, Osoba D, Kris MG: Recommendations for the use of antiemetics:
evidence-based, clinical practice guidelines. American Society of Clinical
Oncology. J Clin Oncol 1999, 17:2971-94.

94. McCarville MB, Christie R, Daw NC, Spunt SL, Kaste SC: PET/CT in the
evaluation of childhood sarcomas. AJR Am J Roentgenol 2005, 184:1293-04.

Savitskaya et al. Clinical Sarcoma Research 2012, 2:9
http://www.clinicalsarcomaresearch.com/content/2/1/9

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/15738599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21060896?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21060896?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13575473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13575473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21092700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21092700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/292511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/292511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17205770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17205770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20806347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20806347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15611856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15611856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11181687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11181687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11582782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11140588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15623635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15623635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8577986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8577986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17826951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15168352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15168352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15944943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15944943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16483750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16483750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16977586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11487011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11487011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16179424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18626200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9534085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9534085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5269156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5269156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15956884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18287387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8622033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8622033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2100565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2581424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14670218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14670218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14670218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12751380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12751380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12751380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8841020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8841020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8669855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8669855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8669855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19406633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10526292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10526292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10526292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1423203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1423203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14978025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14978025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15788613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15788613?dopt=Abstract


95. Zhang ZF, Cordon-Cardo C, Rothman N, Freedman AN, Taylor JA:
Methodological issues in the use of tumor markers in cancer
epidemiology. IARC Sci Publ 1997, 142:201-13.

doi:10.1186/2045-3329-2-9
Cite this article as: Savitskaya et al.: Serum tumor markers in pediatric
osteosarcoma: a summary review. Clinical Sarcoma Research 2012 2:9.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Savitskaya et al. Clinical Sarcoma Research 2012, 2:9
http://www.clinicalsarcomaresearch.com/content/2/1/9

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/9354920?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9354920?dopt=Abstract

	Abstract
	Introduction
	Serum tumor marker discovery offers hope of new pediatric osteosarcoma test
	Free polyamines
	Insulin-like growth factor-1 and insulin-like growth factor binding protein-3
	Monoclonal antibody of circulating tumor-associated antigen ki67
	TNF-β and soluble TNF receptor
	Markers of bone formation and resorption
	Tri-iodothyronine
	CD44
	Amyloid protein A
	Bone alkaline phosphatase
	CXC chemokines
	Cytokines
	Angiogenin
	Biomarker-IgM immune complexes
	Potential use of serum tumor markers for early detection, diagnosis, and prevention

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

