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Abstract

Liquid biopsies encompass a number of new 
technologies designed to derive tumor data 
through the minimally invasive sampling of an 
accessible body fluid. These technologies 
remain early in their clinical development, and 
applications for patients with osteosarcoma 
are actively under investigation. In this chap-
ter, we outline the current state of liquid 
biopsy technologies as they apply to cancer 
generally and osteosarcoma specifically, 
focusing on assays that detect and profile cir-
culating tumor DNA (ctDNA), microRNAs 
(miRNA), and circulating tumor cells (CTCs). 
At present, ctDNA assays are the most mature, 
with multiple assays demonstrating the feasi-
bility of detecting and quantifying ctDNA 
from blood samples of patients with osteosar-
coma. Initial studies show that ctDNA can be 
detected in the majority of patients with osteo-
sarcoma and that the detection and level of 
ctDNA correlates with a worse prognosis. 
Profiling of ctDNA can also identify specific 
somatic events that may have prognostic rele-

vance, such as 8q gain in osteosarcoma. miR-
NAs are stable RNAs that regulate gene 
expression and are known to be dysregulated 
in cancer, and patterns of miRNA expression 
have been evaluated in multiple studies of 
patients with osteosarcoma. While studies 
have identified differential expression of many 
miRNAs in osteosarcomas compared to 
healthy controls, a consensus set of prognostic 
miRNAs has yet to be definitively validated. 
Recent studies have also demonstrated the 
feasibility of capturing CTCs in patients with 
osteosarcoma. The development of assays that 
quantify and profile CTCs for use as prognos-
tic biomarkers or tools for biologic discovery 
is still in development. However, CTC tech-
nology holds incredible promise given the 
potential to perform multi-omic approaches in 
single cancer cells to understand osteosar-
coma heterogeneity and tumor evolution. The 
next step required to move liquid biopsy tech-
nologies closer to helping patients will be 
wide-scale collection of patient samples from 
large prospective studies.
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�The Emerging Field of Liquid Biopsy 
in Cancer

“Liquid biopsies” hold incredible promise to 
transform the way we treat patients with osteo-
sarcoma. Liquid biopsy describes an array of 
assays designed to extract tumor information 
from body fluid, including peripheral blood, 
cerebral spinal fluid, urine, or effusions, that may 
be more easily accessible than tissue from a sur-
gical biopsy. These technologies provide a nonin-
vasive opportunity to study cancer biology and 
derive clinically useful information at numerous 
times during a patient’s treatment for cancer. 
Specific advancements include a more compre-
hensive understanding of disease biology, a 
means of risk stratification, a method to measure 
treatment response, a tool for early identification 
of relapses, and a means to identify mechanisms 
of treatment resistance. While numerous studies 
now show that tumor material can be detected in 
the blood of patients with cancer, tumor-derived 
nucleotides, tumor cells, and cell fragments 
remain a very small fraction of the components 
of the blood, even in cancer patients with a high 
burden of disease. Therefore, the major challenge 
to adapting liquid biopsy technologies to each 
cancer type is the identification of disease hall-
marks that distinguish cancer material from the 
patient’s normal blood components. As this field 
of cancer biology rapidly grows, studies describ-
ing approaches for the identification of circulat-
ing tumor material in patients with osteosarcoma 
are just beginning to emerge. In this chapter, we 
aim to provide an overview of the current state of 
liquid biopsy across oncology, within pediatric 
oncology, and the nascent work that has been 
done to develop liquid biopsy assays for patients 
with osteosarcoma. Finally, we will discuss 
future directions for these assays and how they 
may ultimately improve outcomes for patients 
with osteosarcoma.

The first descriptions of freely circulating 
DNA in the peripheral blood came about in 1948 
[1]. The first description of circulating DNA in 
patients with cancer occurred in the 1970s and 
1980s [2, 3]. Since that time, assays to detect and 
characterize circulating tumor (ctDNA) have 

improved enormously through advancements in 
PCR and next-generation sequencing, which 
have become the most prevalent means of per-
forming liquid biopsies [4–6]. Although there is a 
growing literature evaluating liquid biopsy in 
cancer, relatively few studies have demonstrated 
clinical utility or validity of these assays [5]. To 
date, two ctDNA assays have gained FDA 
approval for use in adult cancers [7, 8]. 
Nevertheless, an increasing number of studies 
have demonstrated early evidence for the use of 
ctDNA for disease diagnosis, prognostication, 
measurement of residual disease, identification 
of genomic alterations for targeted therapy, and 
exploration of disease biology.

More recently, numerous alternative methods 
of ascertaining information about a tumor 
through liquid biopsy have been developed 
including analysis of circulating RNA (primarily 
microRNA (miRNA)), circulating tumor cells 
(CTCs), extracellular vesicles (EVs), exosomes, 
tumor educated platelets (TEPs), proteins, and 
metabolites [9]. These areas of exploration all 
harbor an opportunity to advance the care we pro-
vide for patients with osteosarcoma in different 
ways. For the purposes of this chapter, we will 
focus on liquid biopsy strategies which have been 
applied in some way to osteosarcoma, which 
include the detection and profiling of ctDNA, 
CTCs, and miRNA.

�Liquid Biopsy Technologies 
and Their Adaptation 
to Osteosarcoma

While ctDNA has been evaluated in many dis-
eases as a type of liquid biopsy, conventional 
methods of analysis relied upon detection of 
recurrent hotspot mutations in genes such as 
KRAS and EGFR, which are common in carcino-
mas, but rare in sarcomas [7, 10–13]. Instead, 
many sarcomas harbor genomes with characteris-
tic translocations or copy-number changes. 
Sarcomas require approaches to ctDNA detection 
and quantification that are tailored to the recur-
rent genomic aberrations found in these diseases 
as well as the particular clinical context in which 
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the assay will be used. Similarly, approaches to 
detection of CTCs require that such assays lever-
age characteristic features of the sarcoma tumor 
cell. Evaluation of miRNAs may be performed 
using similar techniques to those described in 
other cancers, but profiling results must be ana-
lyzed to identify the specific miRNAs secreted by 
osteosarcoma tumors. Here we describe ways in 
which knowledge of osteosarcoma biology may 
be leveraged to harness ctDNA, CTC, and 
miRNA assays as a means of liquid biopsy for 
patients with osteosarcoma.

�ctDNA

The detection of ctDNA relies on the identifica-
tion of somatic variants that distinguish tumor 
DNA from germline DNA. Several studies have 
shown that pediatric solid tumors harbor few 
recurrent single-nucleotide variants, diminishing 
the value of hotspot focused ctDNA assays for 
these diseases [14–16]. In osteosarcoma, one 
group demonstrated that next-generation targeted 
sequencing of a panel of genes designed to detect 
a combination of recurrent single-nucleotide 
variants (SNVs) and focal structural variants was 
able to identify ctDNA in six of eight cases of 
osteosarcoma [17]. However, genomic studies of 
the most common pediatric solid tumors would 
suggest that a reasonably sized panel of genes 
targeting only SNVs would be able to detect 
ctDNA in only a subset of patients [18–28].

Pediatric solid tumors are typically character-
ized by structural variants, including recurrent 
translocations and frequent copy-number altera-
tions [14]. For tumors characterized by recurrent 
copy-number changes, such as osteosarcoma, 
whole-genome or whole-exome sequencing can 
be utilized to detect and quantify ctDNA [6]. 
Recent studies have utilized ultralow-pass whole-
genome sequencing (ULP-WGS), with genome 
coverage as low as 0.1-1x, to identify ctDNA in 
diseases with genomes characterized by wide-
spread structural events by employing computer 
algorithms such as the iChorCNA to use segmen-
tal and chromosomal alterations to estimate the 
ctDNA content of a sample [29]. This approach 

lies in contrast to next-generation sequencing 
strategies utilized for detection of ctDNA in 
translocation positive sarcomas, where intronic 
regions that typically host recurrent rearrange-
ments are enriched for deep sequencing [30].

In osteosarcoma, landscape sequencing stud-
ies have shown that these tumors host few recur-
rent SNVs, have one of the most complex 
genomes in cancer, and frequently contain aneu-
ploidy and chromothripsis [20, 27]. Unlike other 
types of pediatric solid tumors, copy-number and 
translocation events appear to be nearly stochas-
tic, increasing the challenge of bringing a low-
cost sequencing technology to the identification 
of ctDNA in the blood. In recent work, ULP-
WGS was used to effectively detect ctDNA in 
patients with localized, metastatic, and recurrent 
osteosarcoma [30]. While this approach has limi-
tations in terms of sensitivity for ctDNA, this 
technique is well adapted to the osteosarcoma 
genome. As ctDNA assays become more adap-
tive, it may be possible that unique CNAs and 
rearrangements harbored within each individu-
al’s tumor may provide an opportunity to develop 
patient-specific ctDNA assays. However, such an 
approach has yet to be described for patients with 
osteosarcoma.

Another unique hallmark of the cancer 
genome is the methylation pattern of 
DNA. Numerous studies have demonstrated that 
different cancer types harbor unique methylation 
patterns that can distinguish each cancer from 
normal tissues and other cancer types. Recent 
studies have demonstrated the feasibility of uti-
lizing methylation profiling to categorize small 
round blue cell tumors, such as Ewing sarcoma, 
osteosarcoma, desmoplastic small round cell sar-
coma, and synovial sarcoma [31]. Similar meth-
ylation profiling has been applied to sequencing 
methylomes in cell-free DNA demonstrating a 
similar ability to detect ctDNA and differentiate 
cancer types based on methylation profiles [32, 
33]. While this has been accomplished for osteo-
sarcoma using tissue sequencing, it has not been 
performed using ctDNA [31]. This may ulti-
mately prove to be a sensitive means of early 
detection in patients at risk of sarcomas, improv-
ing diagnosis in situations in which diagnostic 
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tissue is not attainable and improving disease 
surveillance.

�Circulating Tumor Cells

Circulating tumor cells (CTCs) are intact tumor 
cells found in the bloodstream as single cells or 
clusters and have been postulated to exist since it 
was first understood that tumors could metasta-
size to other locations in the body. The term CTC 
generally refers to tumor cells derived from solid 
tumors that do not otherwise circulate in the 
blood, as opposed to malignancies of the blood. 
CTCs may be viable or apoptotic at the time of 
analysis, with viable CTCs likely representing 
tumor cells with the potential to form metastases 
[34]. CTCs are typically isolated through positive 
detection using markers on the surface of the 
tumors cells or physical cell characteristics such 
as size, electrical charge, density or deformabil-
ity or through negative detection by removing 
noncancerous cells from a blood sample. 
Traditionally, analysis of CTCs focused simply 
on detection and enumeration of CTCs; however, 
advances in single-cell analysis have opened the 
door to a wide range of studies, including single-
cell sequencing, epigenome analysis, and protein 
profiling [35, 36]. More recent studies have dem-
onstrated the utility of a combination approach 
using CTC enrichment and RNA sequencing 
[37].

CTCs can now be reliably detected in patients 
with carcinomas using endothelial surface mark-
ers, primarily EpCAM [38]. Similar attempts to 
identify sarcoma cells have utilized surface mark-
ers, such as CD99 in Ewing sarcoma using flow 
cytometry [39, 40]. Vimentin has been shown to 
be a more ubiquitously expressed surface marker 
on sarcoma cells; [41] however, both vimentin 
and CD99 lack specificity with baseline expres-
sion of both markers on other circulating non-
tumor cells. GD2 is another potential surface 
marker for isolating osteosarcoma CTCs [42, 
43]; however, further work must be done to define 
solid tumor- and osteosarcoma-specific surface 
markers for CTC isolation. More recent attempts 
have utilized size selection for detection and iso-

lation of CTCs in sarcomas and successfully iso-
lated CTCs from patients with osteosarcoma 
[44].

�miRNA

MicroRNAs are small (approximately 22 nucleo-
tides in length) double-stranded RNAs that are 
thought to regulate gene transcription at the cel-
lular level [45]. MicroRNAs were first character-
ized in the 2000s and, due to their relative 
stability, can be found ubiquitously in a variety of 
bodily fluids [46, 47]. These small double-
stranded RNA sequences are produced in normal 
cells, and their expression is thought to be dys-
regulated in the cancer cell with the potential to 
act as oncogenic regulators of gene expression. 
miRNAs can be analyzed using RNA sequencing 
(RNA-Seq), quantitative PCR (qPCR), or micro-
arrays and are being evaluated for a range of 
applications including early detection of cancer, 
diagnosis of cancer, and prognostication. While 
there is now a large literature evaluating these 
RNA profiles, little is known about the role in 
cellular regulation and the packaging of these 
molecules in the cytoplasm and extracellular 
space. It is believed that they are typically trans-
ported in extracellular vesicles, apoptotic bodies, 
high-density lipoprotein structures, and com-
plexes with Argonaute proteins [47, 48]. As a bio-
marker, miRNAs are typically analyzed as a 
miRNA profile, consisting of a number of spe-
cific miRNAs, and the relative frequencies of 
each miRNA are analyzed as profiles relative to 
normal controls. These profiles may be devel-
oped through unbiased genome-wide profiling of 
miRNAs or by preselecting miRNAs for evalua-
tion. These profiles may be used for early detec-
tion, diagnosis, or prognostication. Given that 
miRNAs have a role in regulating transcription, 
they may also eventually inform our understand-
ing of disease biology.

The most extensive clinical studies of miRNA 
have evaluated miRNA profiles in patients at high 
risk of lung cancer. Two large studies have dem-
onstrated that miRNA profiling may be able to 
augment low-dose CT screening in identifying 
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high-risk patients in need of a biopsy [49, 50]. 
miRNAs have been characterized in patients with 
osteosarcoma [51], and a number of studies have 
attempted to identify miRNA profiles associated 
with high-risk disease; however at this time, these 
studies have shown contradictory results, and 
larger studies with test and validation cohorts are 
needed.

�Liquid Biopsy Applications 
in Cancer and Osteosarcoma

�Early Detection and Diagnosis

The ability to detect genetic hallmarks of cancer 
in liquid biopsies has engendered optimism that 
these technologies may be used to augment tradi-
tional biopsies for cancer diagnosis. Such diag-
nostic liquid biopsies may be particularly 
beneficial in instances where viable tissue is dif-
ficult to obtain or the quality or quantity of a 
biopsy is not sufficient to arrive at a definitive 
diagnosis. For patients at an elevated risk of 
developing a malignancy, liquid biopsies may be 
a way to augment cancer screening regimens 
designed to detect cancer early, when tumors are 
expected to be more amenable to treatment.

Multiple lines of evidence suggest that ctDNA 
may be detectable at the time of diagnosis and 
prior to diagnosis in patients with osteosarcoma. 
While no published studies have detected pre-
diagnostic ctDNA in patients who are later 
proven to have osteosarcoma, a previous study of 
a cohort of 72 patients with localized osteosar-
coma with available banked plasma demonstrated 
that ctDNA was detectable using an ultralow pas-
sage whole-genome sequencing assay in 57% of 
newly diagnosed patients without prior knowl-
edge of the tumor genome [52]. New means of 
collecting and isolating ctDNA and enhanced 
analytic algorithms are expected to increase the 
sensitivity of such assays for detection of osteo-
sarcoma ctDNA.

While the majority of cases of osteosarcoma 
are thought to be sporadic, cancer predisposition 
syndromes, including Li–Fraumeni syndrome, 
and environmental exposures, such as prior treat-

ment with radiation or chemotherapy, are known 
to increase the risk of developing osteosarcoma 
[53]. Although there are no published studies of 
liquid biopsies detecting occult osteosarcoma, 
there now exist multiple case reports of ctDNA 
being detected in women with no known existing 
tumor undergoing cell-free DNA prenatal testing, 
who were subsequently found to have cancer [54, 
55]. One recent study has shown that using 
patient-specific NGS panels, ctDNA can be 
detected in patients with osteosarcoma and no 
radiologic detectable disease, speaking to the 
potential sensitivity of this assay in osteosarcoma 
[17]. These studies suggest that ctDNA assays 
may be adapted for early detection in cancer 
patients with an increased risk of developing 
malignancies, including osteosarcoma. Efforts 
are underway to improve the sensitivity of ctDNA 
assays which would be expected to improve the 
utility of these tests for early-cancer detection.

While the initial studies of liquid biopsies in 
osteosarcoma have focused on identifying pat-
terns of DNA mutations, new studies in cancer 
now demonstrate that somatic methylation 
changes can be utilized to discriminate tumor 
DNA from germline DNA. This approach has the 
added benefit of being able to predict the type of 
tumor present in the patient when ctDNA can be 
detected by methylation patterns [32, 33]. CTCs 
may also provide diagnostic information, but 
studies to demonstrate the feasibility of such an 
approach remain aspirational. Multiple studies 
have also suggested that miRNA may be useful in 
discriminating the presence of osteosarcoma in 
patients compared to healthy controls [56, 57]; 
however, no specific miRNAs have shown prom-
ise across multiple studies, and it remains to be 
seen whether these biomarkers will be useful for 
diagnosing osteosarcoma.

�Improving Risk Stratification 
of Newly Diagnosed Patients

Risk stratification of patients at the time of diag-
nosis remains an ongoing challenge in the clini-
cal care of patients with osteosarcoma. The only 
existing strong prognostic factors for poor 
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outcomes for patients with high-grade disease 
remain the presence of metastatic disease and 
having an axial primary tumor [58, 59]. Further, 
for some patients, the presence of metastatic dis-
ease may be ambiguous if there are small pulmo-
nary nodules of unclear significance. 
Conceptually, liquid biopsy may correlate with 
disease burden, or be associated with the pres-
ence of micrometastatic disease, and may pro-
vide an excellent biomarker for identification of 
high-risk patients, especially in instances where 
the presence of metastatic disease is not clear. 
Prognostication using liquid biopsy can be 
achieved through multiple approaches, including 
quantification of ctDNA or CTCs, or identifica-
tion of high-risk genomic features such as Myc 
overexpression, or high-risk miRNA profiles.

Multiple studies have now demonstrated cor-
relations between ctDNA quantification and 
stage and tumor size, although primarily in adult 
carcinomas [60–62]. Not surprisingly, early stud-
ies subsequently showed that ctDNA detection 
was associated with poor outcome. In one early 
study of patients with colorectal cancer, patients 
with detectable ctDNA had a 2-year overall sur-
vival of 48% compared to 100% for those with-
out detectable ctDNA [63]. While there has not 
yet been a study attempting to correlate tumor 
size with ctDNA levels in osteosarcoma, we have 
demonstrated that binary ctDNA detection and 
increasing ctDNA levels are associated with 
event-free survival and overall survival in patients 
with localized osteosarcoma [52]. Although no 
ctDNA studies have shown that genomic features 
identified in ctDNA were associated with poor 
outcome, multiple genomic features in osteosar-
coma identified in tumor tissue have been dem-
onstrated to correlate with a poor outcome [26]. 
8q gain was readily detectable in 74% of patients 
with detectable ctDNA in patients with localized 
osteosarcoma.

MicroRNAs have also been evaluated as 
potential prognostic markers in patients with 
osteosarcoma. A number of miRNAs have been 
evaluated, including miR-21, miR-106a miR-
199a-3p, miR-143, miR-221, and miR-34b, how-
ever with varying results, sometimes upregulated 
and sometimes downregulated [64–70]. While 

these miRNAs seem to be detectable in the 
peripheral blood of patients with osteosarcoma, 
further work is needed to elucidate which miR-
NAs are consistently dysregulated and hold the 
potential for useful diagnostic and prognostic 
biomarkers.

�Monitoring Response to Therapy 
and Detecting Relapse

Utilization of liquid biopsy for disease monitor-
ing and surveillance holds particular promise in 
osteosarcoma given the challenges of using tradi-
tional imaging to gauge response to treatment 
[71] and the significant radiation exposure from 
CT scans during surveillance [72]. Further, mark-
ers of minimal residual disease (MRD), which 
have profoundly impacted the treatment of hema-
tologic malignancies, are lacking in solid tumors.

All three analytes mentioned in this chapter 
hold the potential to improve disease monitoring 
and surveillance in osteosarcoma. To use ctDNA 
for disease monitoring, assays capable of quanti-
fying ctDNA must be utilized. The iChor algo-
rithm which discriminates ctDNA from genomic 
cfDNA by identifying copy-number variations is 
validated down to 3% ctDNA [29]. While it is not 
known whether this exceeds the threshold of 
radiologic detection for patients with osteosar-
coma, it is likely that more sensitive assays will 
be required for ctDNA to be useful for disease 
monitoring and MRD detection. Nevertheless, 
case reports have demonstrated that ctDNA lev-
els change following the treatment of osteosar-
coma [30, 73]. To increase sensitivity of these 
assays, a number of strategies could be employed, 
including using patient-specific panels of copy-
number changes or SNVs either using NGS or 
PCR-based assays [74]. Conversely, machine-
learning techniques that differentiate tumor DNA 
from germline DNA are gaining increasing use 
and would likely prove useful for patients with 
osteosarcoma given the degree of copy-number 
changes seen in the osteosarcoma genome.

Similarly, CTCs and miRNA may prove use-
ful for monitoring patients with osteosarcoma. 
Both CTC levels and miRNA levels are known to 
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change over time in patients with osteosarcoma 
[44, 67, 68]. However, the threshold for detection 
of these analytes even with the current technol-
ogy is not well understood.

�Understanding Tumor Heterogeneity 
and Evolution

Osteosarcoma harbors an extremely complex 
genome with yet unanswered questions about 
driving genomic alterations that may be further 
elucidated through deep sequencing of serial liq-
uid biopsy samples [23, 25, 26, 75, 76]. 
Understanding spatial heterogeneity in osteosar-
coma, like many solid tumors, has been ham-
pered by sampling error of conventional biopsies, 
especially in patients with metastatic disease. 
Temporal heterogeneity, or how the osteosar-
coma genome changes over time, has also 
remained elusive given that serial tumor biopsies 
are not routinely performed in adolescents and 
young adults. Sequencing of ctDNA samples will 
allow for exploration of temporal and spatial 
tumor heterogeneity. For example, these 
approaches have allowed for ctDNA-based iden-
tification of genomic copy-number changes spe-
cific to metastatic disease that were not present in 
primary tumor samples in patients with meta-
static breast cancer [77]. Similarly, CTCs may 
prove to be an additional key analyte to explore 
tumor heterogeneity using a variety of single-cell 
genomic approaches.

While studies of osteosarcoma tumor biology 
using liquid biopsy are lacking, multiple studies 
of neuroblastoma have begun to demonstrate the 
promise of liquid biopsy for elucidating tumor 
genomic heterogeneity. Two studies utilizing a 
combination of whole-exome sequencing and 
targeted panel sequencing of plasma samples 
from patients with neuroblastoma demonstrated 
that (1) ctDNA provides an avenue to identify 
somatic mutations or copy-number changes asso-
ciated with metastatic disease potential that may 
be missed when sequencing the primary tumor 
and (2) that sub-clonal events seen early in the 
disease course may become clonal events follow-
ing treatment [78, 79]. Such an approach pro-

vides compelling evidence that deep sequencing 
of serial ctDNA samples from patients with 
osteosarcoma may deepen our understanding of 
spatial and temporal tumor heterogeneity and 
facilitate identification of driving events and 
markers of resistance to chemotherapy. As an 
increasing number of samples from patients with 
osteosarcoma are collected for ctDNA analysis, 
these questions are prime for exploration in the 
coming years.

�The Path to Clinical Implementation

To date, liquid biopsy has not entered the clinical 
care of patients with osteosarcoma. Yet, as we 
have attempted to outline, liquid biopsy holds 
great promise for improving the care we provide 
to patients with osteosarcoma. We believe these 
assays may inform care across the clinical spec-
trum including early detection, diagnosis, risk 
stratification, on-therapy monitoring, detection 
of relapse, and detection of markers of resistance 
and sensitivity to therapy. A path to clinical 
implementation for liquid biopsy assays was out-
lined in a 2017 joint statement from the American 
Society of Clinical Oncology and College of 
American Pathologists [5]. Based on these rec-
ommendations, assays must demonstrate (1) ana-
lytic validity, or the ability to detect a targeted 
variant with accuracy, reproducibility, and reli-
ability; (2) clinical validity, meaning the ability 
of the assay to divide a clinical group into multi-
ple cohorts with significantly different outcomes; 
and finally (3) clinical utility, which means that 
knowledge gained from the assay can be used to 
significantly improve clinical care and outcomes. 
To date, only a handful of assays have gained 
regulatory approval in Europe and the United 
states for selection of patients for targeted thera-
pies [7, 11, 12, 80–82]. No assays have gained 
regulatory approval for use in children. However, 
there are assays that are being utilized by clini-
cians for patient care, even without regulatory 
approval for a specific pediatric indications, most 
notably, the Guardant360 assay. At this time, the 
analytic validity, clinical validity, and clinical 
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utility of miRNA and CTC assays remain under 
investigation.

While there are a number of assays that have 
been developed for analysis of ctDNA, CTCs, 
and miRNAs in patients with osteosarcoma, for 
these to move toward the clinic, large prospective 
studies are needed that are sufficiently powered 
to demonstrate clinical validity. These studies 
could take the form of biology studies, in which 
patients receiving standard of care provide blood 
samples at prespecified time during their care. 
Furthermore, the inclusion of liquid biopsy stud-
ies on new clinical trials enrolling patients with 
osteosarcoma should be considered whenever 
possible. Given the rarity of osteosarcoma, these 
studies must necessarily be multicenter and 
require close collaboration. These studies can 
serve the basis for demonstrating clinical validity 
and then inform future therapeutic trials designed 
to improve outcomes.

�Summary

In this chapter, we’ve attempted to outline the 
current state of liquid biopsy in oncology, pediat-
ric oncology, and what has been done to bring 
liquid biopsy to patients with osteosarcoma. 
While ctDNA was described decades ago, and 
miRNAs and CTCs have been well established in 
other diseases, the study of liquid biopsy in 
osteosarcoma remains relatively new. 
Nevertheless, given early successes of liquid 
biopsy in diseases such as non-small cell lung 
cancer, as well as preliminary studies in osteosar-
coma, we believe that these technologies may 
ultimately improve the care we provide to patients 
with osteosarcoma.

The evidence to date suggests that ctDNA, 
CTCs, and miRNAs are all ripe for analysis in 
patients with both localized and metastatic osteo-
sarcoma at diagnosis and throughout treatment. 
The most mature clinical studies demonstrate 
that ctDNA may be a prognostic biomarker for 
patients with localized osteosarcoma. This is now 
being evaluated in a large multicenter study. 
Further studies of CTCs and miRNA in larger 

clinical studies will be key to determine how best 
these assays can inform clinical care.
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