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Simple Summary: Mouth cancer often results in poor outcomes and requires the use of state-of-
the-art medical approaches to make its detection easy, individualized, and early. Liquid biopsy is
a new and important medical approach to disease detection. This approach has been successfully
used for mouth cancer detection and monitoring of treatment progress in many countries. Liquid
biopsy is an attractive option for mouth cancer detection because it does not involve any invasive
procedure and can be used on easily accessible body fluids, such as saliva and blood. Furthermore,
there is evidence that this technology has some advantage over the normal tissue biopsy because
it is not invasive, neither does it need any surgical expertise. Hence, we have focused on how easy
or practical it would be, to employ the use of liquid biopsy on the African continent, as well as
other low- and middle-income countries. We have discussed the different types of this technology
in three main areas of focus, viz, what factors are important before, during and after collection of
samples for liquid biopsy analysis, and what are the obstacles to routine use of this approach in
resource-limited settings.

Abstract: An important driving force for precision and individualized medicine is the provision
of tailor-made care for patients on an individual basis, in accordance with best evidence practice.
Liquid biopsy(LB) has emerged as a critical tool for the early diagnosis of cancer and for treatment
monitoring, but its clinical utility for oral squamous cell carcinoma (OSCC) requires more research and
validation. Hence, in this review, we have discussed the current applications of LB and the practicality
of its routine use in Africa; the potential advantages of LB over the conventional “gold-standard”
of tissue biopsy; and finally, practical considerations were discussed in three parts: pre-analytic,
analytic processing, and the statistical quality and postprocessing phases. Although it is imperative
to establish clinically validated and standardized working guidelines for various aspects of LB
sample collection, processing, and analysis for optimal and reliable use, manpower and technological
infrastructures may also be an important factor to consider for the routine clinical application of
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LB for OSCC. LB is poised as a non-invasive precision tool for personalized oral cancer medicine,
particularly for OSCC in Africa, when fully embraced. The promising application of different LB
approaches using various downstream analyses such as released circulating tumor cells (CTCs), cell
free DNA (cfDNA), microRNA (miRNA), messenger RNA (mRNA), and salivary exosomes were
discussed. A better understanding of the diagnostic and therapeutic biomarkers of OSCC, using
LB applications, would significantly reduce the cost, provide an opportunity for prompt detection
and early treatment, and a method to adequately monitor the effectiveness of the therapy for OSCC,
which typically presents with ominous prognosis.

Keywords: Africa; cfDNA; circulating tumour cells; exosomes; liquid biopsy; oral squamous cell
carcinoma

1. Introduction

Reaching the goal of early and accurate diagnosis, as well as providing the best
evidence-based treatment option for disease, is a key driving force for precision and indi-
vidualized medicine [1]. A plethora of diagnostic methods have already been developed
and, recently, liquid biopsy (LB) has shown increased global interest as a precision diag-
nostic tool in the field of cancer research. Cancer as a major global public health problem
is emerging as a critical concern in Africa, where many cancer cases are diagnosed at late
stages of the disease. This is due to factors such as limited knowledge and expertise of
disease screening, limited diagnostic infrastructure, and for most patients, fear of surgery,
poverty, lack of access to specialist care, and low educational level, among other factors—
these are some of the key barriers to early presentation and cancer diagnosis among African
populations [2].

Novel diagnostic tools such as LB could help in addressing these challenges due to its
non-invasive nature, accuracy, and the fact that it does not require surgical facilities. LB
has emerged as a rapid, reliable, and minimally invasive cancer screening solution, with
high specificity and sensitivity for cancer diagnosis and monitoring. As demonstrated in
developed countries, the high specificity and sensitivity of LB offers a promising diagnostic
tool that would enhance screening capability and the potential for the early diagnosis
of cancer cases in Africa; as well as probably reduce the incidence of morbidities and
mortalities from cancer on the continent. In addition, the implementation of policies that
allow easy access to valuable cancer diagnostic procedures, such as LB, can further help
reduce the financial burden of late cancer management in many low-income countries
in Africa.

Oral squamous cell carcinoma (OSCC) ranks amongst the ten most prevalent cancers
in the world with high morbidity and mortality rates [3]. This emphasizes the need
for, and the importance of, screening programs and techniques for the early detection of
malignancy. A lack of access to oral health care, which can lead to a delay in diagnosis has
been reported to decrease the survival rates of OSCC in several low and middle-income
countries including those in Africa [4]. The timely detection and diagnosis of OSCC may
save lives by improving the survival rate, reducing treatment-related morbidities and
improving the surveillance of recurrent cancer cases in these countries [5]. Therefore, it is
vital to further understand how LB procedures are currently emerging and are used in low-
and middle-income countries and, most importantly, to understand the blood biomarkers
involved in oral cancer.

2. Liquid Biopsy and Cancer Management

For centuries, the use of tissue biopsies in cancer has enabled the histological char-
acterization of the disease. Its application has provided insights into the genetic profile
of tumors, allowing for good cancer management [6]. Notably, tissue biopsy remains the
gold standard for diagnostic analyses in clinical settings. However, tissue biopsies involve
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invasive surgical techniques, cost, and tissue sample preparation. More importantly, tissue
biopsies may not capture genetic heterogeneity within a tumor, and in intermetastatic
tumor samples, thus affecting the accuracy of the test [7]. These challenges described make
LB an appealing alternative, especially as a useful instrument in long-term management
and prognostication.

LBs can be used to investigate biological components in liquid forms in cancer patients
for diagnosis, screening, and prognosis. LB may involve the analysis of released circulating
tumor cells (CTCs) and circulating tumour DNA (ctDNA) in the blood or body fluid of
a cancer patient [8]. These analytes are complementary biomarkers that present great
potential for various cancer drug discovery platforms. Other analytes that can also be iden-
tified by using LB include circulating cell-free RNA (cfRNA), exosomes and platelets [9].
Liquid biopsy analytes can improve our understanding of tumor heterogeneity, and pro-
vide potentially better cancer diagnosis, treatment, and surveillance, as well as detecting
drug resistance. Importantly, saliva, urine, pleural effusions, seminal plasma, sputum,
cerebrospinal fluid, and stool samples are other physiological fluids that can be utilized for
a LB in addition to blood [10,11].

2.1. Circulating Cell-Free DNA (cfDNA) and Circulating Tumor DNA (ctDNA) in OSCC

Fragmented, tumor-derived DNA that are not associated with cells (i.e., cell-free) and
which are found within the circulatory system are known as ctDNA. They are the tumor
derived part of circulating cell-free DNA (cfDNA), which refers to the total DNA shed
into the blood and biological fluids during apoptosis and necrosis under physiologic and
pathologic conditions [12]. Currently, ctDNA has been used in monitoring the therapeutic
response and the detection of cancer relapse at early stages. Regarding treatment response
and relapse detection, the identification of tumor-specific point mutations, promoter hy-
permethylations, and the identification of allelic imbalance using microsatellite markers
analysis in ctDNA are helpful tools of assessment in patient management [13]. The ctDNA
possesses short nucleic acid fragments of around 166 bp located in the plasma [14]. Healthy
individuals have lower levels of cfDNA when compared with OSCC patients, which further
increase as the cancer metastasizes, indicating its simultaneous use as a promising diag-
nostic and prognostic biomarker [15]. However, increased cfDNA is not specific for cancer,
and in individual patients, there is no specific cut-off value which can be attributed to the
tumor in quantification as ctDNA. This limitation can be overcome by evaluating tumor
specific alterations such as methylations and mutations [16]. The potential for using ctDNA
in all stages of head and neck squamous cell carcinoma (HNSCC) diagnosis and manage-
ment was highlighted in a recent review—this included screening and early detection;
prognosis and the detection of minimal residual disease; the characterization of mutational
landscape; precision medicine and treatment selection; and treatment monitoring and
identification of resistant clones, based on experience with HNSCC of other sites using
ctDNA analysis [17]. Several studies have been developing techniques to detect cfDNA (or
ctDNA), but there is still a lack of a standardized method, which is essential for its clinical
application together with the need to reduce the cost of analysis. Studies have identified
ctDNA as a diagnostic biomarker and this has been used in many diseases [18]. Although
these studies demonstrated that circulating cfDNA can screen for cancer; when testing for
ctDNA, the procedure requires additional investigation and an acceptable cost before these
can be applicable for use as a diagnostic or therapeutic tool, especially in African and other
resource-limited settings.

2.2. Circulating Tumor Cells (CTCs) in OSCC

CTCs are released into circulation by the primary tumor (i.e., they are of tumor origin)
as a result of spontaneous or iatrogenic factors. They are believed to share a similar profile
with the somatic mutations and genomic rearrangements present in the primary tumor [19].
They are able to reflect the tumor heterogeneity, which may be missed in surgical biopsies.
This makes them good candidates for understanding tumor mutational profiles without
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allowing patients to go through invasive tissue biopsy. A major problem with CTC’s use in
patient management is their extremely low number in peripheral circulation (1-100 CTCs
per 1 billion peripheral blood cells). They need to be enriched and separated for detection
and analysis by often tedious and expensive methods [20,21]. Increasing levels of CTCs
have been reported to be associated with poor prognosis and distant metastasis in several
forms of cancer. Survival rate in OSCC, and other cancers such as breast, lung, prostate
and ovarian cancer, has been linked with levels of CTCs, indicating their benefit in the
early screening and treatment monitoring of cancer [22]. Partridge et al. [23] evaluated
the levels of disseminated tumor cells preoperatively and intraoperatively in both blood
and bone marrow from 40 patients with OSCC. They found a high risk of loco-regional
recurrence and distant metastasis associated with the presence of CTCs. In 2015, Oliveira-
Costa et al., provided more knowledge regarding CTC biology for OSCC by analyzing the
gene expression profile of OSCC tumors to identify biomarkers that decreased or increased
during tumor progression [24]. Their results showed that programmed death-ligand 1
(PD-L1), HOXB9 and ZNF813 expression in OSCC-derived CTCs was increased, while B
Cell Linker (BLNK) expression decreased. In summary, the investigators reported that
PD-L1 is a prognostic factor in OSCC as expressed in patients CTCs and provides insights
for the development of an anti-PD-L1 therapy for OSCC patients. Due to PD-L1 inducing
an exhaustion state in T-cells and reducing the capability of a T-cell-mediated response, they
hypothesized that OSCC patients could benefit from anti-PD-L1 therapy. Therefore, the
results reported in this study emphasized the role of CTCs as an independent prognostic
marker in OSCC. Recurrent assessments of CTC levels have also been used in studies
to demonstrate the potential utility of CTCs in disease monitoring before, during, and
after therapy, Inhestern et al. [25] examined and evaluated CTC counts in blood samples
from 40 patients with OSCC. Apart from its potential as a prognostic biomarker, there is
interest in investigating the role of CTCs in regulating disease behavior. The checkpoint
inhibitors that block the PD-1/PD-L1 immune checkpoint pathway on CTCs and stimulate
the immune system to remove CTCs in circulation may reduce the risk of metastasis and
disease recurrence. In patients with OSCC, PD-L1 overexpression in CTCs was identified
and utilized to monitor the treatment response [24]. Numerous studies [26-30] showed that
LB procedures, such as CTCs, can be utilized as a cutting-edge technology that may improve
the detection and monitoring of cancer using a small amount of blood samples. CTCs
assessment using LB as a cancer biomarker promises to be low cost for the management of
patients with OSCC.

2.3. Exosomes in OSCC

Exosomes are bioactive vesicles with diameters ranging between 40-150 nm that are
used for analyzing LBs. A miRNA expression profile has shown that circulating exosomal
miR-21 was associated with hypoxic tumor and metastasis in the lymph node in people
with OSCC [31]. The detection of miRNA biomarkers in both the plasma and tumors of
patients with squamous cell carcinoma of the tongue highlights the significance of free and
exosomal miRNAs as potential diagnostic biomarkers for tongue cancer. In addition, pack-
aged circulating miRNAs in protein complexes or encapsulated within microvesicles are
protected against the activity of blood RNAses, and represent a more dependable approach
for the assessment of circulating tumor-miRNA signatures [10]. More so, exosomes in the
tumor microenvironment have been implicated in increasing levels of the transforming
growth factor-B (TGF-f3) pathway; thus, increasing drug resistance and tumor growth in
OSCC patients. Exosomal chemokine-like factor (CKLF)-like MARVEL transmembrane
domain-containing 6 (CMTMS6) of OSCC cells aid the polarization of alternatively activated
macrophages (M2) via activation of the signaling of ERK1/2 in macrophages [32]. Indeed,
the classically activated macrophages possess anti-tumor properties; conversely, the M2
functions as a pro-tumor, aiding in the development and progression of the tumor [33].
Exosomes are released by different types of cells into numerous biological fluids such as
amniotic fluid, cerebrospinal fluid, lymph, bile, ascites, tears, breast milk, urine, semen,
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blood, and saliva, both in healthy and diseased conditions [34-37]. Two research groups
have demonstrated that exosomes are present in the tumor microenvironment, demon-
strating its importance in tumorigenesis, tumor invasion, and metastasis, since they can
possess an anti-tumor function or promote tumor progression [38,39]. In OSCC, exosomes
have been shown to be key components in the tumour microenvironment, increasing
the TGF signaling pathway, which contributes to the progression and drug resistance of
OSCC [40]. Limited available evidence may suggest a potential discriminatory biomarker
role of exosomes, between active OSCC disease patients and cured OSCC patients. In
addition, a study by Zlotogorski-Hurvitz et al. [41] morphologically characterized oral
fluid-derived exosomes in OSCC. The potential scope of the diagnostic and prognostic
application of exosomes in oral cancer has been described elsewhere [32]. Additionally, the
role of some exosomal miRNA (e.g., miR-223, miR-101-3p, miR-338 and miR-34a-5p) as
tumor suppressors and the robust potential of exosomes for therapeutic drug delivery to
the tumor for effective treatment or to improve prognosis has been highlighted in another
recent review [34].

2.4. Messenger Ribonucleic Acid in OSCC

LBs find and evaluate several biomarkers, such as mRNA biomarkers, pro-inflammatory
cytokines, and metabolites in the saliva, urine, and plasma of OSCC patients. mRNA
biomarkers from saliva for use in the early diagnosis of oral cancers were recently described
by Oh and colleagues [35]. Thirty candidate genes related to cancer previously reported
in the literature were selected. Thirty-three OSCC patients and 34 non-tumor controls
had their saliva samples taken and the mRNA levels of six genes CYP27A1, NAB2, col-
lagen type III alpha 1 (COL3A1), monoamine oxidase B (MAOB), nuclear pore complex
interacting protein B4 (NPIPB4), and sialic acid acetyltransferase (SIAE) were considerably
lower in the saliva of OSCC patients. The combination of SIAE and CYP27A1 had an AUC
of 0.84, which was considered good. In the under 60 group, the AUC of MAOB-NAB2
was more prognostic of OSCC (AUC, 0.91; specificity, 0.86; and sensitivity, 0.92) than any
other transcript combination. The results from this study suggested salivary mRNAs were
useful biomarkers for early OSCC diagnosis, especially in individuals under 60 years old.
Lu et al. [36] found substantially increased expression of plasma miR-196a and miR-196b
in patients with cancerous and precancerous oral cavity lesions, with excellent sensitivity
and specificity compared to the normal controls. Furthermore, Liu et al. [37] found a
substantial increase in plasma miR-31 in OSCC patients, and a significant decrease follow-
ing tumor excision, indicating that miRNNAs might be used for diagnostic and treatment
monitoring purposes.

2.5. Saliva as a Liquid Biopsy Substrate

Saliva allows for a non-invasive LB; it is easily accessible and has a large number of
biomarkers for illnesses, as well as pre-symptomatic and health status indicators. The
saliva biofluid contains RNA and DNA molecules, cytokines, extracellular vesicles (EVs),
and circulating and tissue-derived cells, which are novel biomarkers or indicators [38—40].
Salivary biomarkers may be effective for the early detection of OSCC since they are phys-
ically accessible to the mouth cavity [38]. In saliva and tissue samples from individuals
with OSCC and oral potentially malignant diseases, NF-kB-dependent cytokines, and
pro-inflammatory cytokines (IL-6, IL-1«, IL-8, and TNF-«) were assessed [41]. NF-«B-
dependent cytokines, matrix metalloproteinases (MMPs) and pro-inflammatory cytokines
in saliva may be involved in the relationship between oral malignancies and aging, in-
volving the senescence-associated secretory phenotype (SASP), and inflammatory diseases,
such as oral mucosal ulcers and periodontitis [42]. Metabolome biomarkers in OSCC
were also investigated using nuclear magnetic resonance (NMR) metabolomics to detect
high-risk patients with an extranodal extension [43]. Recent research has revealed that EVs,
including exosomes (small vesicles) and bigger vesicles, are released into the saliva from
oral cancer lesions and/or oral tissues [44]. Meanwhile, many biomarker proteins of oral
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malignancies, such as heat shock proteins (HSPs) [45—47], and epidermal growth factor
receptor (EGFR) [48], have been discovered in EVs. Thus, microRNAs in EVs of saliva
could also be important molecules for early detection of oral malignancies distinct from
aging [49], periodontitis [49,50], and state of health [51].

2.6. Novel Molecular Techniques for Application of Liquid Biopsy

More sensitive emerging technologies are now employed for LB analysis. These tech-
nologies include beads, emulsion, amplification, and magnetics (BEAMing), digital droplet
PCR (ddPCR) and next generation sequencing (NGS) [36]. In respect of experimental and
clinical applications, BEAMing, ddPCR and NGS have separate applications, and they
sometimes complement each other for the examination of a tumor at molecular level [36].
ddPCR is very reliable and accurate for the investigation of genetic alteration in various
cancers due to its very sensitive nature [37]. However, this method is challenged by a
low multiplexing capacity, but efforts are in the pipeline towards designing multiplexed
strategies to reduce experimental artefacts [37]. LBs can be used to monitor OSCC treatment
responses and tumor evolution in real-time and improve the prognostic and diagnostic
potential for OSCC [10,38]. One of the essential benefits of analyzing LBs in OSCC is
that they give a tailored snapshot of primary and metastatic tumors at different periods,
allowing clinicians to detect early signs of disease recurrence or resistance to therapy and
assisting them in their therapeutic decisions [10]. As a result, by employing LBs, a molec-
ular profile for each patient can be acquired. Different tumor subtypes may be useful in
supplementing the tumor, node, and metastasis (INM) staging approach [10]. A summary
of the applications of LB in OSCC can be found in Table 1.

Table 1. Some evidence of the applications of liquid biopsy in oral cancer.

Study Country Type of Cancer Liquid Biopsy Technology Publication Type Reference
Lousada-Fernandez et al., 2018 Spain Oral cancer Liquid Biopsy Review [10]
Lin et al., 2018 Taiwan Oral Cancer Cell-Free DNA Biomarker Original Research [15]
Patel et al., 2016 India Oral Squa?mous Circulating Tumor cells Original Research [19]
Cell Carcinoma
Head and Neck
Economopoulou et al., 2017 Greece Squamous Circulating Tumor Cells Review [20]
Cell Carcinoma
Oliveira-Costa et al., 2015 Brazil Oral Squa.mous Circulating Tumor Cells Original Research [24]
Cell Carcinoma
Inhestern et al., 2015 Germany Oral and Oropharyngeal Circulating Tumor Cells Original Research [25]
Squamous Cell Cancer
Lietal., 2016 China Oral Squz?mous Exosomes Original Research [31]
Cell Carcinoma
. Oral Squamous .
Pang et al., 2021 China Cell Carcinoma Exosomes Original Research [32]
Luetal., 2021 China Oral Squz}mous Exosomes Review [34]
Cell Carcinoma
Oh et al., 2020 South Korea Oral Cancer Salivary mRNA Biomarker Original Research [35]
Luetal., 2015 Taiwan Oral Cancer Clrcul.a ting miRNA Original Research [36]
Biomarker
Liu et al., 2010 Taiwan Oral Cancer CerUl.a ting miRNA Original Research [371]
Biomarker
. . Oral Squamous Salivary Biomarker (ctDNA, .
Cristaldi et al., 2019 Italy Cell Carcinoma EVs and miRNAs) Review [38]
South . . .
Adeola et al., 2020 Africa Oral Cancer Salivary Exosomes Biomarker Review [40]
Teai et al., 2020 Taiwan Oral Squamous Nuclear Magnetic Resonance 5 40421 Research [43]

Cell Carcinoma

Metabolomics Biomarker
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Table 1. Cont.
Study Country Type of Cancer Liquid Biopsy Technology Publication Type Reference
Ono et al., 2018 Japan Oral Cancer HSI];;E?;ES;;%?S& ei:(r:{ieess of Original Research [45]
Fujiwara et al., 2018 Japan Oral Cancer Exosomes Original Research [48]
Spafford, et al, 2001 USA o e e ailte Amalyers.  Original Rescarch  [52]

3. The Challenges of Utilizing Liquid Biopsy as an OSCC Diagnostic and Management
Tool in Africa: Pre-Analytic, Analytic Processing, and Post-Analytic Processing
Phase Considerations

Despite the progress made by oral LB in different parts of the world, its practical
application in African and other resource-limited settings remains a major challenge. Ba-
sically, tumor components, including ctDNA, ctRNA, CTCs and/or extracellular vesicles
(exosomes), shed into the circulation from the tumor site, are increasingly becoming clin-
ically useful in the detection and monitoring of tumor or cancer progression [10]. These
biopsies are employed for early detection of the circulating tumor origins from bodily fluid.
However, the process of employing these biopsies has been faced with several challenges,
which have hampered their optimal treatment applications. For instance, although oral
swabbing can be used for tumor surveillance after treatment, it is very difficult to apply
this screen to a high-risk population without tumor relevant lesions.

Moreover, oral sample may not be useful in differentiating the origin of the tumor cells
in the circulation [52]. In addition, cfDNA comprises mutated and non-mutated tumors and
normal DNA; thus, depending on the types and stages of the tumor, differentiating ctDNA
from the mix could be burdensome. In some instances, a very small amount (<0.01%) of
ctDNA is used for variant genotyping. This often occurs where there is an extremely low
frequency of CTCs, making it difficult to detect ctDNA at the early stage of cancer, and
further complicating the detection and recovery processes [30].

The inability to differentiate and specifically target tumor components or associated
biomarkers from already existing non-tumor cells in circulation is a critical issue facing all
LBs, which might have delayed their optimal clinical use [53]. For example, trying to use
ctDNA to capture the full heterogeneity of cancer cells may also introduce the possibility of
capturing DNA of normal cells [54], which may consequently increase the chances of error
and false-positive results. Due to the heterogeneity of tumor cells, there is a likelihood of
genetic alteration of the CTCs detected in bio-fluid circulation compared to the original
tumor profile, decreasing the accuracy of the finding [55]. LB may never reach its full
potential because detecting CTCs (which is the major biomarker targeted during a LB)
requires a huge amount of blood or complex enrichment media to achieve an optimal result
and an acceptable level of specificity and sensitivity [56].

Regarding the LBs, specificity and sensitivity cannot be overemphasized as they are
critical to validating the result’s accuracy, efficacy, and reliability. In the assessment of CTCs
in LB, the use of epithelial cells as sole biomarkers for the enrichment of this assay poses a
serious challenge, especially when epithelial cells have lost their physical characteristics
and specificity after undergoing epithelial-to-mesenchymal-transition (EMT) and gained
mesenchymal properties [57]. This makes it almost impossible for them to be detected
by the typical methods of CTC isolation; hence, compounding the issues of sensitivity
and specificity of LB. Again, the reported high level of epithelial cells in the circulation of
patients suffering from benign diseases is an indication that the use of the epithelial cell
adhesion molecule (EpCam) to capture CTC may introduce unwanted errors and misdi-
agnosis [58]. Sample collection, storage, shipping, and transportation are critical for the
stability of the collected specimen. If they are not well handled, it could lead to the degra-
dation of the sample, hence producing varying results. The Ethylenediaminetetraacetic
acid (EDTA) used to maintain the longevity and stability of blood LBs has a high incidence
of genomic DNA contamination when stored for a long time [59]. Due to poor transport fa-
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cilities in the major parts of African countries, it is unlikely that the reagent would reach the
rural communities in good condition, which would hamper its clinical application efficacy.
The reproducibility issue of biomarkers is due to the lack of standardization guidelines
that give rise to the variability of results as reported in vesicle counting of extracellular
vesicles, which reduces the reliability and reproducibility. Therefore, the results may not be
reproducible or comparable in various study cohorts [60].

In an African context, many obstacles could prove to be wedging blocks that prevent
the practical implementation of LB in OSCC in this continent. Thus, so far, only three
African countries have adapted and authorized or commercialized the use of these tech-
niques in the public domain. These countries are South Africa, Tunisia, and Kenya, and
this could be due to weighing the financial burden of cost, approximately US$7000 per
test, which can only be afforded by high-income earners who form less than 10% of the
population of most African countries [61]. It will become more challenging to implement
in low- and middle-income countries in sub-Saharan Africa with a Gross Domestic Product
(GDP) of less than US$15 billion. Moreover, considering that most of the available LBs
have not been tested in African populations, it may be harder for physicians to ascertain
their efficacy in Africa due to environmental and genetic variations. In addition to the
inadequate infrastructural facilities, technical know-how, limited skilled personnel, poor
government policy, a lack of many adequate research institutes, and religious and cultural
practices have all slowed scientific innovation and progress in Africa [62]. Further, the
coronavirus pandemic has negatively impacted the economy of many African countries
and this could further delay the practical implementation of oral LB in Africa.

Furthermore, despite its evidence-based theranostic potential to improve cancer man-
agement, LB is prone to several analytical discrepancies, which until resolved, could limit
its applicability in clinical practice. Inconsistencies and errors may be notable at any of
the stages in the workflow, leading to sample misevaluation. These methodological in-
consistencies may pose a risk to patients due to a discrepancy in cancer management and
the unnecessarily high costs to patients, laboratories, and hospitals [63]. Therefore, consis-
tency in a clinical setting is critical for optimal patient safety, the accuracy and precision of
laboratory tests and, overall, the routine applicability of LB in clinical settings.

3.1. Pre-Analytic Phase Considerations

In the pre-analytical phase, a substantial part of the sample workflow occurs outside
a controlled laboratory setting [64,65]. Previous reports have highlighted that this phase
is subject to the most errors in the sample evaluation workflow [63], and could limit the
integrity of the sample and the data quality [66,67]. Study-specific variations in ctDNA
assays and insufficient ctDNA recovery limit the validation of plasma ctDNA based LBs
for cancer screening under a clinical setup [68]. Multiple studies have demonstrated that
the quality of cfDNA and ctDNA could be impacted by the type of sample collection tube
used, optimal storage conditions, and the time-lapse between sample collection and sample
processing [65,69-71]. As a result, the optimization of sample collection and processing
is dependent on the type of collection tube used and is critical for optimal downstream
data output. Serum isolating standard EDTA tubes have been linked with leukocyte lysis
that could increase genomic DNA concentration and potentially reduce the ease of access
to ctDNA, which is often available in small quantities [64,65,72]. To minimize the risk of
genomic DNA contamination and dilution of ctDNA and ¢fDNA, optimizing the time-lapse
between sample collection and the initiation of sample processing, as well as the sample
storage temperatures during transportation is essential [71]. Genomic DNA contamination
of cfDNA could be minimized by sampling whole blood [65], and potentially saliva, in
cfDNA stabilizing collection tubes containing fixatives. These tubes could improve the
recovery of high-quality cfDNA with the added advantage of a prolonged storage time
and variable shipping temperature [71-73]. However, these specialized tubes could be
more costly than the EDTA tubes and, therefore, may not be easily implementable in
resource-constrained settings such as in developing African nations.
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3.2. Analytic Processing Phase Considerations

Similar to the pre-analytical stage, sample processing is a consolidated effort of many
laboratory aspects aiming to produce high-quality clinical data. Easily identifiable is a
varying range of methodologies including reagents and applied technologies (including
different instruments) used by separate laboratories to achieve the same goal of generating
high-quality clinical data [74]. Different laboratories may use different ‘clinically validated’
consumables yet with differing clinical results, particularly when different commercial
suppliers are used for supposedly similar clinical assessments [75]. This poses the risk of
differing and possibly incorrect interpretations of clinical data, and thus puts patients at
risk of incorrect cancer management plans [75].

Several LB analytical methods with varying sensitivities and specificities are prone
to laboratory-specific variations [65]. In the processing phase, detection technologies
used to process LB samples are prone to variations that could raise inconsistencies. In
addition, most of these technologies are expensive and cannot be afforded by most low-
and middle-income countries in Africa.

3.2.1. Next Generation Sequencing (NGS)

Taking NGS assays as examples, despite their notable success in advancing the appli-
cation of LBs in clinical settings, technical heterogeneity of these assays within the same
studies or amongst different studies have been described as potential limitations to the
implementation of NGS in routine clinical practice [76]. In addition, there are no consensus-
based standard molecular coverage parameters affecting the sensitivity for NGS. Under
these conditions, data output interpretation is often site-specific, with a heightened risk of
false-negative results [76-78].

3.2.2. Digital Droplet PCR (ddPCR)

Similarly, ddPCR has been praised for its analytical strengths over real-time quanti-
tative PCR [79] in addition to its high sensitivity, which is comparable to deep sequenc-
ing [80,81]. However, except for intralaboratory validations, no consensus-based analytical
and clinical validation guidelines for cfDNA assays on ddPCR exist [79]. Consequently,
the implementation of this technology is often site or laboratory-specific, and its output
could be potentially variable across several laboratories. Inconsistencies in ddPCR could,
therefore, influence the interpretation of the output data, resulting in inconsistent patient
management depending on the site of the clinical sample evaluation. As such, these incon-
sistencies require careful control through expert agreement, standardized validation, and
optimization practices in clinical settings [65,77,82].

The use of these technologies need to be refined and tailored to address the operational
challenges, which currently limit their application in Africa [83]. The financial burden
of using these molecular technologies deserves some consideration. The cost concerning
technical and staff equipment, including a variety of professionals such as molecular and
computational biologists, genetic counselors, and specialized clinicians, are considerably
high and can be unaffordable for many low-income countries on the continent [84].

3.3. Post-Processing Quality Check, Data Analysis and Bioinformatics Considerations

The optimization of molecular data analyses would improve reproducibility while
maintaining high-quality clinical inferences. Laboratory protocol and analytical workflow
standardization remain the cornerstone of clinical laboratory practice to ensure consistently
reproducible and accurate clinical data output for optimal patient management in OSCC
cancer care [85]. The reproducibility and reliability of laboratory results can be improved
by the standardization of sample processing workflow, through expert consensus. These
can be achieved via large-scale clinical trials, which validates the critical steps required to
improve the reliability, accuracy, and consistency of clinical data at acceptable methodology
specificity and sensitivity levels [82,86]. Moreover, supporting the need for further research
validation, LB in oral cancer is an emerging field that is still limited by the lack of knowledge
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on sensitive and specific circulating biomarkers for oral cancer detection [10]. Altogether, it
is imperative to establish clinically validated working guidelines for various aspects of LB
sample collection, processing, and analysis for optimal and reliable use of LBs and their
associated technologies in routine clinical care (see Figure 1).
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Figure 1. Challenges associated with the implementation of liquid biopsy in poorly resourced settings.
Created in BioRender.com, accessed on 21 July 2021).

4. Future Perspectives of Liquid Biopsy in Africa

LB has emerged as a potential non-invasive approach in precision, personalized cancer
medicine, particularly for OSCC. Different studies have demonstrated the benefit of OSCC
LB, using various downstream analysis such as CTCs, cfDNA, miRNA, mRNA, Long non-
coding RNA (IncRNA) and salivary exosomes, and have shown promise for early OSCC
diagnosis, treatment monitoring, and detection of occult disease and relapse [2]. However,
many of these downstream LB analyses are yet to be routinely applied in clinics for oral
cancer. In Africa, and especially in sub-Saharan countries, the impact of LBs in the clinical
setting is still very limited, requiring further research for effective implementation. Further
discovery of a robust panel of sensitive and specific circulating biomarkers for OSCC at
different stages would help, not only policymakers in decision-making, but also clinicians
to improve diagnosis and prognosis. A better understanding of OSCC biomarkers would
be key for the development of effective therapies for the management of oral cancer. The
continent needs to quickly improve the management of oral cancer, and since LB for OSCC
is in its infancy, researchers working in oral cancer should put their efforts into performing
large, but also prospective multicenter studies that investigate the role of CTCs, ctDNA,
cfDNA, miRNA, incRNAs and exosomes in oral cancer. Better use of LBs in oral cancer
can help in the monitoring and surveillance for post-treatment recurrence as well as the
detection of new cancer cases. Thus, due to the cross-cutting low socio-economic status of
populations, Africa needs a reproducible and non-invasive LB that could provide the basis
for individualized diagnosis, therapeutic strategies, and precision management of OSCC.
Although the advantages of LBs in the evaluation of OSCC prognosis, risk stratification,
or its use as a tool for precision medicine development, has been discussed here, a very
challenging aspect is its reproducibility across multiple centers, to establish a standard
guideline for LB-based cancer diagnostics. The development of LB databases such as
ligDB [87], ctcRbase [88,89], and BloodPAC Data Commons (BPDC) [90], has helped to
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overcome such technical issues and has encouraged data science research to address the
practical and conceptual reproducibility problems associated with the use of LB [91]. Hence,
the development of an OSCC LB database in Africa and other resource-limited settings,
could potentially ameliorate the diagnostic and treatment burden of OSCC in these regions.

Author Contributions: Conceptualization, H.A.A. and 1.O.B.; methodology, H.A.A., RT.A.,, NM.F,
A.O.A. and 1.O.B.; data curation, H.A.A., A.O.A. and 1.O.B.; resources, H.A.A., A.O.A. and 1.O.B.;
writing—original draft preparation, H.A.A., RT.A,, NN\M.E, TA.A,, P.CI and EM.; writing—review
and editing, H.A.A,, RT.A, NM.F, TA A, PCI, 1LOB, A.O.A. and EM,, visualization, H A A.,
RTA,NME, TAA,PCIL,LO.B, AO.A. and EM,; funding acquisition, HA.A,,1.O.B., A.O.A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in article.

Acknowledgments: H.A.A. thanks the South African Medical Research Council (SAMRC) for a mid-
career scientist and self-initiated research grant; and the South African National Research Foundation
(NRF) for research development grants for rated researchers. 1.O.B. acknowledges the support of
Prince Naif Health Research Center (PNHRC), Saudi Arabia.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

References

1. Hulsen, T,; Jamuar, S.S.; Moody, A.R.; Karnes, ].H.; Varga, O.; Hedensted, S.; Spreafico, R.; Hafler, D.A.; McKinney, E.F. From Big
Data to Precision Medicine. Front. Med. 2019, 6, 34. [CrossRef] [PubMed]

2. Temilola, D.O.; Wium, M.; Coulidiati, TH.; Adeola, H.A.; Carbone, G.M.; Catapano, C.V.; Zerbini, L.F. The Prospect and
Challenges to the Flow of Liquid Biopsy in Africa. Cells 2019, 8, 862. [CrossRef] [PubMed]

3. World Health Organization. World Health Organization Regional Office for Africa Noncommunicable Diseases (NCD) Cluster; World
Health Organization: Brazzaville, Congo, 2016.

4. Van Zyl, AW.; Marnewick, J. Aetiology of oral cancer: Clinical review. S. Afr. Dent. J. 2012, 67, 554-556.

5. WHO. Early Cancer Diagnosis Saves Lives, Cuts Treatment Costs; WHO: Geneva, Switzerland, 2017.

6. Crowley, E.; Di Nicolantonio, F.; Loupakis, F; Bardelli, A. Liquid biopsy: Monitoring cancer-genetics in the blood. Nat. Rev. Clin.
Oncol. 2013, 10, 472-484. [CrossRef] [PubMed]

7. De Rubis, G.; Rajeev Krishnan, S.; Bebawy, M. Liquid Biopsies in Cancer Diagnosis, Monitoring, and Prognosis. Trends Pharmacol.
Sci. 2019, 40, 172-186. [CrossRef]

8.  Pantel, K.; Alix-Panabieres, C. Liquid biopsy: Potential and challenges. Mol. Oncol. 2016, 10, 371-373. [CrossRef]

9.  Neumann, M.H,; Bender, S.; Krahn, T.; Schlange, T. ctDNA and CTCs in liquid biopsy—current status and where we need to
progress. Comput. Struct. Biotechnol. J. 2018, 16, 190-195. [CrossRef]

10. Lousada-Fernandez, F.; Rapado-Gonzalez, O.; Lopez-Cedrun, J.L.; Lopez-Lopez, R.; Muinelo-Romay, L.; Suarez-Cunqueiro, M.M.
Liquid Biopsy in Oral Cancer. Int. J. Mol. Sci. 2018, 19, 1704. [CrossRef]

11. Liskova, A.; Samec, M.; Koklesova, L.; Giordano, F.A.; Kubatka, P.; Golubnitschaja, O. Liquid Biopsy is Instrumental for 3PM
Dimensional Solutions in Cancer Management. J. Clin. Med. 2020, 9, 2749. [CrossRef]

12.  Bronkhorst, A.].; Ungerer, V.; Holdenrieder, S. The emerging role of cell-free DNA as a molecular marker for cancer management.
Biomol. Detect. Quantif. 2019, 17, 100087. [CrossRef]

13.  Baby, N.T.; Abdullah, A.; Kannan, S. The scope of liquid biopsy in the clinical management of oral cancer. Int. ]. Oral Maxillofac.
Surg. 2021. [CrossRef] [PubMed]

14. Bettegowda, C.; Sausen, M.; Leary, R J.; Kinde, I.; Wang, Y.; Agrawal, N.; Bartlett, B.R.; Wang, H.; Luber, B.; Alani, RM.; et al.
Detection of circulating tumor DNA in early- and late-stage human malignancies. Sci. Transl. Med. 2014, 6, 224ra224. [CrossRef]

15. Lin, L.H.; Chang, KW.; Kao, S.Y.; Cheng, HW.; Liu, C.J. Increased Plasma Circulating Cell-Free DNA Could Be a Potential Marker
for Oral Cancer. Int. . Mol. Sci. 2018, 19, 3303. [CrossRef] [PubMed]

16. van Ginkel, ].H.; Huibers, M.M.H.; Noorlag, R.; de Bree, R.; van Es, R.J.; Willems, S.M. Liquid Biopsy: A Future Tool for
Posttreatment Surveillance in Head and Neck Cancer? Pathobiol. ]. Immunopathol. Mol. Cell. Biol. 2017, 84, 115-120. [CrossRef]
[PubMed]

17.  Galot, R.; Machiels, ].H. Current applications and challenges of circulating tumor DNA (ctDNA) in squamous cell carcinoma of
the head and neck (SCCHN). Cancer Treat. Rev. 2020, 85, 101992. [CrossRef] [PubMed]

18. Shohdy, K.S.; West, H.J. Circulating Tumor DNA Testing-Liquid Biopsy of a Cancer. JAMA Oncol. 2020, 6, 792. [CrossRef]


http://doi.org/10.3389/fmed.2019.00034
http://www.ncbi.nlm.nih.gov/pubmed/30881956
http://doi.org/10.3390/cells8080862
http://www.ncbi.nlm.nih.gov/pubmed/31404988
http://doi.org/10.1038/nrclinonc.2013.110
http://www.ncbi.nlm.nih.gov/pubmed/23836314
http://doi.org/10.1016/j.tips.2019.01.006
http://doi.org/10.1016/j.molonc.2016.01.009
http://doi.org/10.1016/j.csbj.2018.05.002
http://doi.org/10.3390/ijms19061704
http://doi.org/10.3390/jcm9092749
http://doi.org/10.1016/j.bdq.2019.100087
http://doi.org/10.1016/j.ijom.2021.08.017
http://www.ncbi.nlm.nih.gov/pubmed/34462176
http://doi.org/10.1126/scitranslmed.3007094
http://doi.org/10.3390/ijms19113303
http://www.ncbi.nlm.nih.gov/pubmed/30352977
http://doi.org/10.1159/000452861
http://www.ncbi.nlm.nih.gov/pubmed/27974721
http://doi.org/10.1016/j.ctrv.2020.101992
http://www.ncbi.nlm.nih.gov/pubmed/32092618
http://doi.org/10.1001/jamaoncol.2020.0346

Cancers 2022, 14,1139 12 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Patel, S.; Shah, K.; Mirza, S.; Shah, K.; Rawal, R. Circulating tumor stem like cells in oral squamous cell carcinoma: An unresolved
paradox. Oral. Oncol 2016, 62, 139-146. [CrossRef]

Economopoulou, P.; Kotsantis, I.; Kyrodimos, E.; Lianidou, E.S.; Psyrri, A. Liquid biopsy: An emerging prognostic and predictive
tool in Head and Neck Squamous Cell Carcinoma (HNSCC). Focus on Circulating Tumor Cells (CTCs). Oral Oncol. 2017, 74,
83-89. [CrossRef]

Kaldjian, E.P.; Ramirez, A.B.; Sun, Y.; Campton, D.E.; Werbin, J.L.; Varshavskaya, P.; Quarre, S.; George, T.; Madan, A.; Blau, C.A,;
et al. The RareCyte® platform for next-generation analysis of circulating tumor cells. Cytomet. Part A J. Int. Soc. Anal. Cytol. 2018,
93, 1220-1225. [CrossRef]

Magbanua, M.].M.; Park, ].W. Isolation and Molecular Characterization of Circulating Tumor Cells; Springer: Cham, Switzerland, 2017.
Partridge, M.B.R ; Phillips, E.; Ali, K,; Francis, R.; Hooper, R.; Lavery, K.; Brown, A.; Langdon, J. Detection of rare disseminated
tumor cells identifies head and neck cancer patients at risk of treatment failure. Clin. Cancer Res 2003, 9, 5287-5294.
Oliveira-Costa, J.P.; de Carvalho, A.F,; da Silveira da, G.G.; Amaya, P; Wu, Y.; Park, K.-]J.; Gigliola, M.P,; Lustberg, M.;
Buim, M.E.C.; Ferreira, ENN.; et al. Gene expression patterns through oral squamous cell carcinoma development: PD-L1
expression in primary tumor and circulating tumor cells. Oncotarget 2015, 6, 20902-20920. [CrossRef] [PubMed]

Inhestern, J.; Oertel, K.; Stemmann, V.; Schmalenberg, H.; Dietz, A.; Rotter, N.; Veit, J.; Gorner, M.; Sudhoff, H.; Junghan$, C.;
et al. Prognostic Role of Circulating Tumor Cells during Induction Chemotherapy Followed by Curative Surgery Combined with
Postoperative Radiotherapy in Patients with Locally Advanced Oral and Oropharyngeal Squamous Cell Cancer. PLoS ONE 2015,
10, e0132901. [CrossRef] [PubMed]

Kapeleris, J.; Kulasinghe, A.; Warkiani, M.E.; Vela, I.; Kenny, L.; O'Byrne, K.; Punyadeera, C. The Prognostic Role of Circulating
Tumor Cells (CTCs) in Lung Cancer. Front. Oncol. 2018, 8, 311. [CrossRef] [PubMed]

Tanos, R.; Thierry, A.R. Clinical relevance of liquid biopsy for cancer screening. Transl. Cancer Res. 2018, 7, S105-5129. [CrossRef]
Alix-Panabieres, C.; Pantel, K. Real-time liquid biopsy: Circulating tumor cells versus circulating tumor DNA. Ann. Transl. Med.
2013, 1, 18.

Gao, Y.;; Zhu, Y.; Yuan, Z. Circulating Tumor Cells and Circulating Tumor DNA Provide New Insights into Pancreatic Cancer. Int.
J. Med. Sci. 2016, 13, 902-913. [CrossRef]

Heitzer, E.; Perakis, S.; Geigl, ].B.; Speicher, M.R. The potential of liquid biopsies for the early detection of cancer. NP] Precis.
Oncol. 2017, 1, 36. [CrossRef]

Li, L.; Li, C.; Wang, S.; Wang, Z; Jiang, J.; Wang, W.; Li, X,; Chen, J.; Liu, K; Li, C.; et al. Exosomes Derived from Hypoxic Oral
Squamous Cell Carcinoma Cells Deliver miR-21 to Normoxic Cells to Elicit a Prometastatic Phenotype. Cancer Res. 2016, 76,
1770-1780. [CrossRef]

Pang, X.; Wang, S.S.; Zhang, M.; Jiang, J.; Fan, H.; Wu, J.; Wang, H.; Liang, X.; Tang, Y. OSCC cell-secreted exosomal CMTM6
induced M2-like macrophages polarization via ERK1/2 signaling pathway. Cancer Immunol. Immunother. 2021, 70, 1015-1029.
[CrossRef]

Mori, K.; Hiroi, M.; Shimada, J.; Ohmori, Y. Infiltration of m2 tumor-associated macrophages in oral squamous cell carcinoma
correlates with tumor malignancy. Cancers 2011, 3, 3726-3739. [CrossRef]

Lu, Y,; Zheng, Z.; Yuan, Y.; Pathak, J.L.; Yang, X.; Wang, L.; Ye, Z.; Cho, W.C.; Zeng, M.; Wu, L. The Emerging Role of Exosomes in
Oral Squamous Cell Carcinoma. Front. Cell Dev. Biol. 2021, 9, 628103. [CrossRef] [PubMed]

Oh, S.Y,; Kang, S.M.; Kang, S.H.; Lee, H.].; Kwon, T.; Kim, J.; Lee, S.; Choi, S.; Hong, S. Potential Salivary mRNA Biomarkers for
Early Detection of Oral Cancer. J. Clin. Med. 2020, 9, 243. [CrossRef] [PubMed]

Lu, Y.C,; Chang, ].T.,; Huang, Y.C.; Huang, C.C.; Chen, W.-H.; Lee, L.-Y;; Huang, B.-S.; Chen, Y.-].; Li, H.-F; Cheng, A.-]. Combined
determination of circulating miR-196a and miR-196b levels produces high sensitivity and specificity for early detection of oral
cancer. Clin. Biochem. 2015, 48, 115-121. [CrossRef] [PubMed]

Liu, CJ.; Kao, S.Y.; Tu, H.F; Tsai, M.M.; Chang, K.W,; Lin, S.C. Increase of microRNA miR-31 level in plasma could be a potential
marker of oral cancer. Oral Dis. 2010, 16, 360-364. [CrossRef]

Cristaldi, M.; Mauceri, R.; Di Fede, O.; Giuliana, G.; Campisi, G.; Panzarella, V. Salivary Biomarkers for Oral Squamous Cell
Carcinoma Diagnosis and Follow-Up: Current Status and Perspectives. Front. Physiol. 2019, 10, 1476. [CrossRef]

Cheng, J.; Nonaka, T.; Ye, Q.; Wei, E;; Wong, D.T. Salivaomics, saliva-exosomics, and saliva liquid biopsy. Salivary Biosci. 2020,
157-175.

Adeola, H.A.; Holmes, H.; Temilola, D.O. Diagnostic Potential of Salivary Exosomes in Oral Cancer. In Oral Cancer—Current
Concepts and Future Perspectives; Sridharan, G., Ed.; IntechOpen: London, UK, 2020.

Babiuch, K.; Kusnierz-Cabala, B.; Kesek, B.; Okon, K.; Darczuk, D.; Chomyszyn-Gajewska, M. Evaluation of proinflammatory,
NF-kappaB dependent cytokines: IL-1c, IL-6, IL-8, and TNF-« in tissue specimens and saliva of patients with oral squamous cell
carcinoma and oral potentially malignant disorders. J. Clin. Med. 2020, 9, 867. [CrossRef]

Eguchi, T,; Taha, E.A. Extracellular Vesicle-associated Moonlighting Proteins: Heat Shock Proteins and Metalloproteinases. In
Heat Shock Proteins; Asea, A.A.A., Kaur, P, Eds.; Springer: Dordrecht, The Netherlands, 2020; pp. 1-18.

Tsai, C.K.; Lin, C.Y,; Kang, CJ.; Liao, C.T.; Wang, W.-L.; Chiang, M.-H.; Yen, T.-C.; Lin, G. Nuclear Magnetic Resonance
Metabolomics Biomarkers for Identifying High Risk Patients with Extranodal Extension in Oral Squamous Cell Carcinoma. J.
Clin. Med. 2020, 9, 951. [CrossRef]


http://doi.org/10.1016/j.oraloncology.2016.10.019
http://doi.org/10.1016/j.oraloncology.2017.09.012
http://doi.org/10.1002/cyto.a.23619
http://doi.org/10.18632/oncotarget.3939
http://www.ncbi.nlm.nih.gov/pubmed/26041877
http://doi.org/10.1371/journal.pone.0132901
http://www.ncbi.nlm.nih.gov/pubmed/26186556
http://doi.org/10.3389/fonc.2018.00311
http://www.ncbi.nlm.nih.gov/pubmed/30155443
http://doi.org/10.21037/tcr.2018.01.31
http://doi.org/10.7150/ijms.16734
http://doi.org/10.1038/s41698-017-0039-5
http://doi.org/10.1158/0008-5472.CAN-15-1625
http://doi.org/10.1007/s00262-020-02741-2
http://doi.org/10.3390/cancers3043726
http://doi.org/10.3389/fcell.2021.628103
http://www.ncbi.nlm.nih.gov/pubmed/33718365
http://doi.org/10.3390/jcm9010243
http://www.ncbi.nlm.nih.gov/pubmed/31963366
http://doi.org/10.1016/j.clinbiochem.2014.11.020
http://www.ncbi.nlm.nih.gov/pubmed/25485932
http://doi.org/10.1111/j.1601-0825.2009.01646.x
http://doi.org/10.3389/fphys.2019.01476
http://doi.org/10.3390/jcm9030867
http://doi.org/10.3390/jcm9040951

Cancers 2022, 14,1139 13 of 14

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Iwai, K.; Minamisawa, T.; Suga, K.; Yajima, Y.; Shiba, K. Isolation of human salivary extracellular vesicles by iodixanol density
gradient ultracentrifugation and their characterizations. J. Extracell Vesicles 2016, 5, 30829. [CrossRef]

Ono, K.; Eguchi, T.; Sogawa, C.; Calderwood, S.K.; Futagawa, J.; Kasai, T.; Seno, M.; Okamoto, K.; Sasaki, A.; Kozaki, K.
HSP-enriched properties of extracellular vesicles involve survival of metastatic oral cancer cells. J. Cell Biochem. 2018, 119,
7350-7362. [CrossRef]

Ono, K.; Sogawa, C.; Kawai, H.; Tran, M.T,; Taha, E.A.; Lu, Y.; Oo, M.W.; Okusha, Y.; Okamura, H.; Ibaragi, S. Triple knockdown
of CDC37, HSP90-alpha and HSP90-beta diminishes extracellular vesicles-driven malignancy events and macrophage M2
polarization in oral cancer. J. Extracell Vesicles 2020, 9, 1769373. [CrossRef] [PubMed]

Eguchi, T.; Sogawa, C.; Ono, K.; Matsumoto, M.; Tran, M.T.; Okusha, Y.; Lang, B.J.; Okamoto, K.; Calderwood, S.K. Cell Stress
Induced Stressome Release Including Damaged Membrane Vesicles and Extracellular HSP90 by Prostate Cancer Cells. Cells 2020,
9, 755. [CrossRef]

Fujiwara, T.; Eguchi, T.; Sogawa, C.; Ono, K.; Murakami, J.; Ibaragi, S.; Asaumi, J.-I.; Calderwood, S.K.; Okamoto, K.; Kozaki, K.-L.
Carcinogenic epithelial-mesenchymal transition initiated by oral cancer exosomes is inhibited by anti-EGFR antibody cetuximab.
Oral Oncol. 2018, 86, 251-257. [CrossRef] [PubMed]

Machida, T.; Tomofuji, T.; Ekuni, D.; Maruyama, T.; Yoneda, T.; Kawabata, Y.; Mizuno, H.; Miyai, H.; Kunitomo, M.; Morita, M.
MicroRNAs in Salivary Exosome as Potential Biomarkers of Aging. Int. ]. Mol. Sci. 2015, 16, 21294-21309. [CrossRef]

Fujimori, K.; Yoneda, T.; Tomofuji, T.; Ekuni, D.; Azuma, T.; Maruyama, T.; Mizuno, H.; Sugiura, Y.; Morita, M. Detection of
Salivary miRNAs Reflecting Chronic Periodontitis: A Pilot Study. Molecules 2019, 24, 1034. [CrossRef] [PubMed]

Kobayashi, T.; Tomofuji, T.; Machida, T.; Yoneda, T.; Ekuni, D.; Azuma, T.; Maruyama, T.; Hirose, A.; Morita, M. Expression of
Salivary miR-203a-3p Was Related with Oral Health-Related Quality of Life in Healthy Volunteers. Int. J. Mol. Sci. 2017, 18, 1263.
[CrossRef] [PubMed]

Spafford, M.F,; Koch, W.M.; Reed, A.L.; Califano, J.A.; Xu, L.H.; Eisenberger, C.E; Yip, L.; Leong, PL.; Wu, L.; Liu, S.X,; et al.
Detection of head and neck squamous cell carcinoma among exfoliated oral mucosal cells by microsatellite analysis. Clin. Cancer
Res. 2001, 7, 607-612.

Kong, L.; Birkeland, A.C. Liquid Biopsies in Head and Neck Cancer: Current State and Future Challenges. Cancers 2021, 13, 1874.
[CrossRef] [PubMed]

Babayan, A.; Pantel, K. Advances in liquid biopsy approaches for early detection and monitoring of cancer. Genome Med. 2018, 10,
21. [CrossRef]

Aro, K.; Wei, E; Wong, D.T.; Tu, M. Saliva Liquid Biopsy for Point-of-Care Applications. Front. Public Health 2017, 5,77. [CrossRef]
Pantel, K.; Brakenhoff, R.H.; Brandt, B. Detection, clinical relevance and specific biological properties of disseminating tumour
cells. Nat. Rev. Cancer 2008, 8, 329-340. [CrossRef] [PubMed]

Manicone, M.; Poggiana, C.; Facchinetti, A.; Zamarchi, R. Critical issues in the clinical application of liquid biopsy in non-small
cell lung cancer. J. Thorac. Dis. 2017, 9, 51346-51358. [CrossRef] [PubMed]

Geeurickx, E.; Hendrix, A. Targets, pitfalls and reference materials for liquid biopsy tests in cancer diagnostics. Mol. Asp. Med.
2020, 72, 100828. [CrossRef]

Sisson, B.A.; Uvalic, J.; Kelly, K.; Selvam, P.; Ananda, G.; Chandok, H.; Bergeron, D.; Holinka, L.; Reddi, H.V. Technical and
Regulatory Considerations for Taking Liquid Biopsy to the Clinic: Validation of the JAX PlasmaMonitor(TM) Assay. Biomark.
Insights 2019, 14, 1177271919826545. [CrossRef]

Shankar, G.M.; Balaj, L.; Stott, S.L.; Nahed, B.; Carter, B.S. Liquid biopsy for brain tumors. Expert Rev. Mol. Diagn. 2017, 17,
943-947. [CrossRef] [PubMed]

Ardington, C.; Lam, D.; Leibbrandt, M.; Welch, M. The sensitivity to key data imputations of recent estimates of income poverty
and inequality in South Africa. Econ. Model. 2006, 23, 822-835. [CrossRef]

Adeola, H.A ; Blackburn, ]. M.; Rebbeck, T.R.; Zerbini, L.F. Emerging proteomics biomarkers and prostate cancer burden in Africa.
Oncotarget 2017, 8, 37991-38007. [CrossRef]

Green, S.F. The cost of poor blood specimen quality and errors in preanalytical processes. Clin. Biochem. 2013, 46, 1175-1179.
[CrossRef]

Salvianti, F.; Gelmini, S.; Costanza, F.; Mancini, I.; Sonnati, G.; Simi, L.; Pazzagli, M.; Pinzani, P. The pre-analytical phase of the
liquid biopsy. New Biotechnol. 2020, 55, 19-29. [CrossRef]

Page, K.; Shaw, ].A.; Guttery, D.S. The liquid biopsy: Towards standardisation in preparation for prime time. Lancet Oncol. 2019,
20, 758-760. [CrossRef]

Karachaliou, N.; Mayo-de las Casas, C.; Queralt, C.; de Aguirre, I.; Melloni, B.; Cardenal, F.; Garcia-Gomez, R.; Massuti, B.;
Sanchez, .M. Ruth Porta Association of EGFR L858R Mutation in Circulating Free DNA With Survival in the EURTAC Trial.
JAMA Oncol. 2015, 1, 149-157. [CrossRef] [PubMed]

Arechederra, M.; Avila, M.A.; Berasain, C. Liquid biopsy for cancer management: A revolutionary but still limited new tool for
precision medicine. Adv. Lab. Med. Av. Med. Lab. 2020, 1, 20200009. [CrossRef]

Merker, ].D.; Oxnard, G.R.; Compton, C.; Diehn, M.; Hurley, P; Lazar, A.; Lindeman, N.; Lockwood, C.; Rai, A.].; Schilsky, R.L.;
et al. Circulating tumor DNA analysis in patients with cancer: American Society of Clinical Oncology and College of American
Pathologists joint review. Arch. Pathol. Lab. Med. 2018, 142, 1242-1253. [CrossRef] [PubMed]


http://doi.org/10.3402/jev.v5.30829
http://doi.org/10.1002/jcb.27039
http://doi.org/10.1080/20013078.2020.1769373
http://www.ncbi.nlm.nih.gov/pubmed/33144925
http://doi.org/10.3390/cells9030755
http://doi.org/10.1016/j.oraloncology.2018.09.030
http://www.ncbi.nlm.nih.gov/pubmed/30409309
http://doi.org/10.3390/ijms160921294
http://doi.org/10.3390/molecules24061034
http://www.ncbi.nlm.nih.gov/pubmed/30875931
http://doi.org/10.3390/ijms18061263
http://www.ncbi.nlm.nih.gov/pubmed/28608821
http://doi.org/10.3390/cancers13081874
http://www.ncbi.nlm.nih.gov/pubmed/33919778
http://doi.org/10.1186/s13073-018-0533-6
http://doi.org/10.3389/fpubh.2017.00077
http://doi.org/10.1038/nrc2375
http://www.ncbi.nlm.nih.gov/pubmed/18404148
http://doi.org/10.21037/jtd.2017.07.28
http://www.ncbi.nlm.nih.gov/pubmed/29184673
http://doi.org/10.1016/j.mam.2019.10.005
http://doi.org/10.1177/1177271919826545
http://doi.org/10.1080/14737159.2017.1374854
http://www.ncbi.nlm.nih.gov/pubmed/28875730
http://doi.org/10.1016/j.econmod.2005.10.009
http://doi.org/10.18632/oncotarget.16568
http://doi.org/10.1016/j.clinbiochem.2013.06.001
http://doi.org/10.1016/j.nbt.2019.09.006
http://doi.org/10.1016/S1470-2045(19)30310-9
http://doi.org/10.1001/jamaoncol.2014.257
http://www.ncbi.nlm.nih.gov/pubmed/26181014
http://doi.org/10.1515/almed-2020-0009
http://doi.org/10.5858/arpa.2018-0901-SA
http://www.ncbi.nlm.nih.gov/pubmed/29504834

Cancers 2022, 14,1139 14 of 14

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Jeong, T.-D.; Kim, M.H.; Park, S.; Chung, H.-S.; Lee, ].W.; Chang, ].H.; Huh, ]. Effects of pre-analytical variables on cell-free DNA
extraction for liquid biopsy. Lab. Med. Online 2019, 9, 45-56. [CrossRef]

Franczak, C.; Filhine-Tresarrieu, P.; Gilson, P.; Merlin, J.L.; Au, L.; Harlé, A. Technical considerations for circulating tumor DNA
detection in oncology. Expert Rev. Mol. Diagn. 2019, 19, 121-135. [CrossRef]

Medina Diaz, I.; Nocon, A.; Mehnert, D.H.; Fredebohm, J.; Diehl, F.; Holtrup, F. Performance of Streck cf DNA Blood Collection
Tubes for Liquid Biopsy Testing. PLoS ONE 2016, 11, e0166354.

Sorber, L.; Zwaenepoel, K.; Jacobs, J.; De Winne, K.; Van Casteren, K.; Augustus, E.; Lardon, F; Prenen, H.; Peeters, M;
Van Meerbeeck, J.; et al. Specialized Blood Collection Tubes for Liquid Biopsy: Improving the Pre-analytical Conditions. Mol.
Diagn. Ther. 2020, 24, 113-124. [CrossRef]

Thierry, A.R.; Mouliere, E; El Messaoudi, S.; Mollevi, C.; Lopez-Crapez, E.; Rolet, F,; Gillet, B.; Gongora, C.; Dechelotte, P;
Robert, B.; et al. Clinical validation of the detection of KRAS and BRAF mutations from circulating tumor DNA. Nat. Med. 2014,
20, 430-435. [CrossRef]

Gobbini, E.; Swalduz, A.; Levra, M.G.; Ortiz-Cuaran, S.; Toffart, A.-C.; Pérol, M.; Moro-Sibilot, D.; Saintigny, P. Implementing
ctDNA Analysis in the Clinic: Challenges and Opportunities in Non-Small Cell Lung Cancer. Cancers 2020, 12, 3112. [CrossRef]
Torga, G.; Pienta, K.J. Patient-Paired Sample Congruence Between 2 Commercial Liquid Biopsy Tests. JAMA Oncol. 2018, 4,
868-870. [CrossRef]

Esagian, S.M.; Grigoriadou, G.; Nikas, I.P.; Boikou, V.; Sadow, PM.; Won, ]J.-K.; Economopoulos, K.P. Comparison of liquid-based
to tissue-based biopsy analysis by targeted next generation sequencing in advanced non-small cell lung cancer: A comprehensive
systematic review. . Cancer Res. Clin. Oncol. 2020, 146, 2051-2066. [CrossRef] [PubMed]

Jennings, L.J.; Arcila, M.E.; Corless, C.; Kamel-Reid, S.; Lubin, I.M.; Pfeifer, J.; Temple-Smolkin, R.L.; Voelkerding, K.V.;
Nikiforova, M.N. Guidelines for validation of next-generation sequencing-based oncology panels: A joint consensus recom-
mendation of the Association for Molecular Pathology and College of American Pathologists. . Mol. Diagn. 2017, 19, 341-365.
[CrossRef] [PubMed]

Petrackova, A.; Vasinek, M.; Sedlarikova, L.; Dyskova, T.; Schneiderova, P.; Novosad, T.; Papajik, T.; Kriegova, E. Standardization
of Sequencing Coverage Depth in NGS: Recommendation for Detection of Clonal and Subclonal Mutations in Cancer Diagnostics.
Front. Oncol. 2019, 9, 851. [CrossRef]

Milosevic, D.; Mills, J.R.; Campion, M.B.; Vidal-Folch, N.; Voss, ].S.; Halling, K.C.; Highsmith, W.E.; Liu, M.C.; Kipp, B.R,;
Grebe, S.K. Applying Standard Clinical Chemistry Assay Validation to Droplet Digital PCR Quantitative Liquid Biopsy Testing.
Clin. Chem. 2018, 64, 1732-1742. [CrossRef] [PubMed]

Combearet, V.; Iacono, I; Bellini, A.; Brejon, S.; Bernard, V.; Marabelle, A.; Coze, C.; Pierron, G.; Lapouble, E.; Schleiermacher, G.;
et al. Detection of tumor ALK status in neuroblastoma patients using peripheral blood. Cancer Med. 2015, 4, 540-550. [CrossRef]

[PubMed]

Lodrini, M.; Sprussel, A.; Astrahantseff, K.; Tiburtius, D.; Konschak, R.; Lode, H.; Fischer, M.; Keilholz, U.; Eggert, A,;
Deubzer, H.E. Using droplet digital PCR to analyze MYCN and ALK copy number in plasma from patients with neurob-
lastoma. Oncotarget 2017, 8, 85234-85251. [CrossRef]

Esposito, A.; Criscitiello, C.; Locatelli, M.; Milano, M.; Curigliano, G. Liquid biopsies for solid tumors: Understanding tumor
heterogeneity and real time monitoring of early resistance to targeted therapies. Pharmacol. Ther. 2016, 157, 120-124. [CrossRef]

Ishengoma, D.S.; Saidi, Q.; Sibley, C.H.; Roper, C.; Alifrangis, M. Deployment and utilization of next-generation sequencing of
Plasmodium falciparum to guide anti-malarial drug policy decisions in sub-Saharan Africa: Opportunities and challenges. Malar.
J. 2019, 18, 267. [CrossRef]

Bacher, U.; Shumilov, E.; Flach, J.; Porret, N.; Oncourt, R.; Wiedemann, G.; Fiedler, M.; Novak, U.; Amstutz, U.; Pabst, T.
Challenges in the introduction of next-generation sequencing (NGS) for diagnostics of myeloid malignancies into clinical routine
use. Blood Cancer J. 2018, 8, 113. [CrossRef]

Swerdlow, S.H.; Campo, E.; Harris Lee, N.; Jaffe, E.S.; Pileri, S.A.; Stein, H. WHO Classification of Tumours. Tumours of Haematopoietic
and Lymphoid Tissues; IARC: Lyon, France, 2017.

Asante, D.-B.; Calapre, L.; Ziman, M.; Meniawy, T.M.; Gray, E.S. Liquid biopsy in ovarian cancer using circulating tumor DNA
and cells: Ready for prime time? Cancer Lett. 2020, 468, 59-71. [CrossRef]

Aparicio-Puerta, E.; Jaspez, D.; Lebron, R.; Koppers-Lalic, D.; Marchal, J.A.; Hackenberg, M. ligDB: A small-RNAseq knowledge
discovery database for liquid biopsy studies. Nucleic Acids Res. 2019, 47, D113-D120. [CrossRef]

Zhao, L.; Wu, X,; Li, T,; Luo, J.; Dong, D. ctcRbase: The gene expression database of circulating tumor cells and microemboli.
Database 2020, 2020, baaa020. [CrossRef] [PubMed]

Lin, C; Liu, X.; Zheng, B.; Ke, R.; Tzeng, C.M. Liquid Biopsy, ctDNA Diagnosis through NGS. Life 2021, 11, 890. [CrossRef]

[PubMed]

Grossman, R.L.; Dry, ].R.; Hanlon, S.E.; Johann, D.J.; Kolatkar, A.; Lee, ].5.H.; Meyer, C.; Salvatore, L.; Wells, W.; Leiman, L.
BloodPAC Data Commons for Liquid Biopsy Data. JCO Clin. Cancer Inform. 2021, 5, 479-486. [CrossRef] [PubMed]

Li, M;; Xie, S.; Lu, C.; Zhu, L.; Zhu, L. Application of Data Science in Circulating Tumor DNA Detection: A Promising Avenue
Towards Liquid Biopsy. Front. Oncol. 2021, 11, 692322. [CrossRef]


http://doi.org/10.3343/lmo.2019.9.2.45
http://doi.org/10.1080/14737159.2019.1568873
http://doi.org/10.1007/s40291-019-00442-w
http://doi.org/10.1038/nm.3511
http://doi.org/10.3390/cancers12113112
http://doi.org/10.1001/jamaoncol.2017.4027
http://doi.org/10.1007/s00432-020-03267-x
http://www.ncbi.nlm.nih.gov/pubmed/32462295
http://doi.org/10.1016/j.jmoldx.2017.01.011
http://www.ncbi.nlm.nih.gov/pubmed/28341590
http://doi.org/10.3389/fonc.2019.00851
http://doi.org/10.1373/clinchem.2018.291278
http://www.ncbi.nlm.nih.gov/pubmed/30237149
http://doi.org/10.1002/cam4.414
http://www.ncbi.nlm.nih.gov/pubmed/25653133
http://doi.org/10.18632/oncotarget.19076
http://doi.org/10.1016/j.pharmthera.2015.11.007
http://doi.org/10.1186/s12936-019-2853-4
http://doi.org/10.1038/s41408-018-0148-6
http://doi.org/10.1016/j.canlet.2019.10.014
http://doi.org/10.1093/nar/gky981
http://doi.org/10.1093/database/baaa020
http://www.ncbi.nlm.nih.gov/pubmed/32294193
http://doi.org/10.3390/life11090890
http://www.ncbi.nlm.nih.gov/pubmed/34575039
http://doi.org/10.1200/CCI.20.00179
http://www.ncbi.nlm.nih.gov/pubmed/33929890
http://doi.org/10.3389/fonc.2021.692322

	Introduction 
	Liquid Biopsy and Cancer Management 
	Circulating Cell-Free DNA (cfDNA) and Circulating Tumor DNA (ctDNA) in OSCC 
	Circulating Tumor Cells (CTCs) in OSCC 
	Exosomes in OSCC 
	Messenger Ribonucleic Acid in OSCC 
	Saliva as a Liquid Biopsy Substrate 
	Novel Molecular Techniques for Application of Liquid Biopsy 

	The Challenges of Utilizing Liquid Biopsy as an OSCC Diagnostic and Management Tool in Africa: Pre-Analytic, Analytic Processing, and Post-Analytic Processing Phase Considerations 
	Pre-Analytic Phase Considerations 
	Analytic Processing Phase Considerations 
	Next Generation Sequencing (NGS) 
	Digital Droplet PCR (ddPCR) 

	Post-Processing Quality Check, Data Analysis and Bioinformatics Considerations 

	Future Perspectives of Liquid Biopsy in Africa 
	References

