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Abstract
Advances in the management of patients with head 
and neck squamous cell carcinoma (HNSCC) have 
not significantly changed the prognosis of this 
tumor over the past five decades. Molecular het-
erogeneity of HNSCC and its association with 
HPV, in addition to the increase in the number of 
cancers arising in traditionally low-risk patients, 
are among some of the obstacles to the successful 
management of this group of tumors. Massively 
parallel sequencing, otherwise known as next-
generation sequencing (NGS), is rapidly changing 
conventional patient management by providing 
detailed information about each patient’s genome 
and transcriptome. Despite major advances in 
technology and a significant reduction in the cost 
of sequencing, NGS remains mainly limited to 
research facilities. In addition, there are only a few 
published studies that have utilized this technol-
ogy in HNSCC. This paper aims to report briefly 
on current commercially available NGS platforms 
and discuss their clinical applications, ethical con-
siderations, and utilization in personalized patient 
care, particularly as this relates to head and neck 
cancer.
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Introduction

Personalized medicine customizes health care based on an individual’s 
unique environment, clinical profile, and genetics. Until recently, it was 

reasonable to assume that modification of oral care according to a patient’s 
needs constituted personalized oral health. However, the oral sciences are 
being transformed by large quantities of data produced by high-throughput 
molecular profiling technologies. The next generation of clinicians will be 
expected to personalize their management according to the molecular profiles 
of their patients. At this stage, head and neck cancer (HNC) appears to be 
the primary beneficiary of this change. Although more than 90% of HNCs 
are head and neck squamous cell carcinoma (HNSCC), recent studies have 
revealed this tumor to have a very heterogeneous nature (Baxi et al., 2012). 
These findings are mirrored in the differences in prognosis and recurrence 
rates of different subclasses of squamous cell carcinoma (Chung et al., 2004).

HNSCC is considered an environmental tumor mostly attributable to 
tobacco use, alcohol consumption, and infection with human papilloma virus 
(HPV) (Hashibe et al., 2007). There is a growing proportion of cases in 
younger low-risk patients with a poor prognosis and a distinctive clinical and 
histopathological pattern (Chung et al., 2004; Dahlstrom et al., 2008), which 
suggests a role for genetic factors contributing to carcinogenesis of these 
tumors (Liang et al., 2008). Genetic and prognostic differences between HPV-
positive and -negative HNSCC (Chung and Gillison, 2009), combined with 
the heterogeneous nature of this cancer, presents clinicians with an urgent 
need for a refined tumor classification system.

Massively parallel sequencing, more commonly known as next-generation 
sequencing (NGS), technologies have been applied to answer fundamental 
questions about the genetic pathogenesis of various diseases (Feldman et al., 
2011). The increasing number of research projects and clinical trials targeting 
therapeutic biomarkers based on specific genetic mutations and aiming to 
overcome drug resistance in cancer patients makes NGS a perfect means to 
achieve personalized care in dentistry.

There is currently limited literature concerning the application of NGS in 
overall patient management in dentistry, with an increasing body of work 
related to HNSCC. With the exponential expansion of NGS platforms, the 
reduction in sequencing costs, and the push for personalized oral care, we 
review current NGS technologies with special consideration given to clinical 
applications, limitations, and ethical considerations, particularly as they per-
tain to HNSCC.

Technologies for Massively Parallel Sequencing

Sanger sequencing was the first generation of sequencing methods, while the 
new technologies with their ability to sequence enormous volumes of data 
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cheaply are commonly considered “next-generation sequencing” 
techniques. NGS platforms have evolved to have an equal or 
lower error rate compared with the Sanger method (Glenn, 2011); 
however, due to differences in the nature of systematic errors, 
Sanger sequencing is still used to validate NGS data (Ulahannan 
et al., 2013). Roche, Illumina®, and Life TechnologiesTM are three 
companies that currently offer NGS platforms. Technical charac-
teristics of these platforms and their relevance and application in 
HNSCC have been discussed in greater detail elsewhere (Jessri 
and Farah, 2014); however, Fig. 1 briefly outlines the similarities 
and differences of these platforms.

Introduced in 2005, Roche454 (Qiagen, Venlo, Netherlands) 
was the first commercial NGS platform (Glenn, 2011). This 
technique is based on pyrosequencing and production of light as 
the by-product of nucleotide incorporation into the new strand 
of DNA. The amount of light measured is proportional to the 
number of nucleotides added (Ulahannan et al., 2013).

Illumina® (Illumina® Inc., San Diego, CA, USA) platforms 
are the most commonly used and are based on reversible dye 

terminator single-base synthesis (SBS) and immediate acquisi-
tion of digital images (Ross and Cronin, 2011). Briefly, both 
ends of each DNA fragment are ligated to specific adaptors and 
amplified by bridge PCR in a flow cell (Mardis, 2008). 
Nucleotides are incorporated in a step-wise manner, and the 
locations of fluorescently labeled nucleotide incorporations are 
recorded by scanning flow cells (Liu et al., 2012).

Supported Oligonucleotide Ligation and Detection 
(SOLiDTM, Life TechnologiesTM, Carlsbad, CA, USA) relies on 
emulsion PCR and sequencing by ligation. Briefly, DNA frag-
ments are deposited onto flow cells, and primers anneal to the 
adapter sequence on each fragment. Fluorescently labeled 
octamers are added to the DNA sequence, and di-base probes 
interrogate their first two bases, followed by fluorescence detec-
tion by CCD camera imaging (Mardis, 2008; Ross and Cronin, 
2011). Recently, Life TechnologiesTM introduced the Ion 
Personal Genome Machine™ (PGM™), which relies on a 
hypersensitive semiconductor to detect hydrogen ions released 
during each cycle of polymerization (Rusk, 2011).

Figure 1.  Technical characteristics including sample preparation, sequencing chemistries, and data output formats of different sequencing 
approaches.

Personalis EX2193



J Dent Res 93(5) 2014	   439Parallel Sequencing in Personalized Head and Neck Oncology

Despite their differences, NGS platforms are potentially 
capable of identifying changes in gene-expression profiling or 
DNA-copy number with similar accuracy, as well as sequencing 
both ends of DNA molecules, commonly referred to as paired-
end sequencing. An important consideration in the utilization of 
NGS in clinical practice is equipment entry costs and consum-
able expenses of platforms and their projected accuracy (Table). 
The accuracy of NGS platforms depends on adequate “cover-
age” and can be improved to reach more than 99.9% (Quail  
et al., 2012). However, a 0.01% error rate corresponds to 
approximately 300,000 errors in sequencing the whole human 
genome, and systematic errors such as non-uniformity of 
sequence depth reported in short-read instruments cannot be 
overcome by higher coverage (Meldrum et al., 2011).

Third-generation sequencing platforms offer the promise of 
sequencing single DNA molecules and are the latest achieve-
ment in NGS technologies. Pacific Biosciences Inc. commer-
cialized their third-generation platform, PacBio RS II, in 2011. 
By combining single-molecule real-time sequencing (SMRT®) 
with highly sensitive fluorescence detection technology, this 
platform has 99% accuracy at 15-fold coverage (Eid et al., 
2009).

With the growing interest in the role of tumor microenviron-
ment in cancer treatment, the quantification of gene expression 
in tumor cells and their surrounding tissues can provide impor-
tant information about tumor growth, response/resistance to 
cancer therapy, and prognosis (Ignatiadis et al., 2012). The 
application of NGS to cDNA libraries made by reverse tran-
scription of RNA is termed RNA-seq. The coding RNA can be  
separated from the non-coding molecules by targeting the 3′ 

polyadenylated [poly(A)] tail; however, random inclusion of 
RNA has the advantage of higher sensitivity (Morin et al., 
2008). The sequence transcriptome is mapped to the reference 
level, and the number of mapped reads is considered to correlate 
with the abundance level and is a measure of gene/genome 
expression. Compared with cDNA gene expression microarrays, 
RNA-seq is more reliable in detecting exon/exon junctions; 
also, by accessing the reads that span exon/exon boundaries, 
sequencing provides valuable information on isoform diversity 
and abundance (Agarwal et al., 2010). In analyzing RNA-seq 
data, one must not overlook the fact that, unlike gene-probe-
based methods, expression signal in RNA-seq depends on the 
expression level of other transcripts and is influenced by the 
sequencing depth. To address this and other technical differ-
ences, several statistical algorithms have been developed to 
normalize RNA-seq data and detect differential expression 
(Rapaport et al., 2013).

Clinical Applications

Clinicians’ approaches to classifying diseases and their diagno-
ses are rapidly changing due to the progress made in multigene 
analysis tools such as gene arrays, comparative genomic hybrid-
ization, and NGS. The most common application of molecular 
diagnosis is in the analysis of patients’ genomic alterations to 
investigate susceptibility, risk, and target therapy. Based on the 
role they play in disease, genomic mutations can contribute to 
tumor development (driver mutations) or be a product of 
genomic instability of the tumor (passenger mutations) (Hanahan 
and Weinberg, 2000, 2011). The distinction between the two can 

Table.  Comparison of Current Commercially Available NGS Platforms in Terms of Price, Applications, and Error Rates

Company Instrument

Instrument 
Price

(cost per run) Cost/Mb Run Time Primary Errors
Error Rate 

(%)* Applications

Applied 
Biosystems

373oxl $95,000
($140)

$2,400† 20 min-3 hrs Substitution 0.1-1† Validation, target sequencing

Roche 454 FLX 
Titanium

$500,000
($7,000)

$10† 23 hrs Indel 0.1† De novo whole genome, transcriptome, 
targeted re-sequencing, metagenomics

Illumina HiSeq2000 $690,000
($6,000)

$0.07† 11 days
27 hrs (rapid run)

Substitution 0.26‡ De novo whole genome, transcriptome, 
targeted re-sequencing, 
metagenomics, mutation detection

  MiSeq (BT) $128,000
($1,040)

$0.50‡ 4-27 hrs Substitution >0.8‡ Transcriptome, targeted re-sequencing, 
metagenomics, mutation detection

Applied 
Biosystems

SOLiD 5500 
XL

$500,000
($15,000)

$0.13† 7 days to 4 wks A-T bias >0.01 Transcriptome, targeted re-sequencing, 
metagenomics, mutation detection, 
transcriptome counting

  Ion Torrent
318 chip

$80,000
($939)

$1‡ 2 hrs Indel 1.71‡ Transcriptome, target re-sequencing

  Ion Proton II $149,000
($1,000)

$0.08§ 2 hrs Indel 0.1§ Transcriptome, target re-sequencing

PcBio Pacific 
Bioscience

$695,000
($300)

$2‡ 2 hrs GC deletions 12.86‡ Targeted transcriptome, targeted 
re-sequencing, metagenomics

*Error rates are reported as percentage per base for single reads, and, due to differences in chemistry, error rates among platforms are not 
comparable.

†Liu et al., 2012.
‡Quail et al., 2012.
§Information based on the manufacturer’s Web site.
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change through the course of tumor development (Desmedt  
et al., 2012).

Prior to the application of NGS platforms in cancer research, 
array comparative genomic hybridization (a-CGH) and, more 
commonly, different types of polymerase chain-reaction (PCR) 
were applied to study cancer genome and its characteristics. 
Regardless of the promising picture portrayed by commercially 
available a-CGH and PCR kits, these techniques are mostly ben-
eficial in the detection of known genomic alterations. Several 
other laboratory-based techniques – such as extensive tumor dis-
section (Maley et al., 2006), isolation and analysis of individual 
nuclei (Park et al., 2010), and examination of intra-tumor distri-
bution of pre-identified markers (Maley et al., 2006; Jovanovic  
et al., 2008) – exist for the study of cancer cell sub-populations in 
any given tumor; nevertheless, despite standardized protocols for 
these techniques and the vast body of work in the literature, they 
are rapidly being superseded by NGS approaches.

The first two reported NGS studies of HNSCC were pub-
lished simultaneously in 2011 (Agrawal et al., 2011; Stransky  
et al., 2011). Stransky et al. sequenced the whole exome of the 
tumors and blood of 74 HNSCC patients (Stransky et al., 2011), 
while Agrawal et al. sequenced 18,000 protein-encoding genes 
in 32 discovery tumors and further investigated their findings in 
88 additional HNSCC and matched non-neoplastic tissues 
(Agrawal et al., 2011). The former found an average of 130 cod-
ing mutations per tumor, of which 321 mutations were queried 
by mass spectrometric genotyping and 89.7% validated 
(Stransky et al., 2011). Both studies found the mutation rate of 
smoker patients/HPV-negative tumors to be higher than that of 
non-smoker/HPV-positive cases, respectively. Agrawal et al. 
also showed the mutation spectrum of all HNSCC patients to be 
similar to that of non-smoker patients with lung cancer (Agrawal 
et al., 2011; Stransky et al., 2011). Finally, both Agrawal et al. 
and Stransky et al. not only found mutations in genes already 
known to play a role in HNSCC [such as TP53 (50% of all 
cases), CDKN2A, PIK3CA, PTEN, and HRAS (Agrawal et al., 
2011; Stransky et al., 2011)], but also highlighted a new gene, 
NOTCH1, previously not known to be involved in HNSCC. 
Although functional studies have shown NOTCH1, an impor-
tant tumor suppressor gene, to be important in skin squamous 
cell carcinoma (Dotto, 2008), due to its large size (34 coding 
exons), it had not been identified by classic (Sanger) sequencing 
techniques.

Despite a competitive marketplace and extensive efforts for 
realization of the $1,000 genome concept, the aforementioned 
two studies remain the most important attempts to utilize NGS 
platforms in head and neck oncology, while subsequent studies 
have focused on targeted sequencing. Mahjabeen et al. sequenced 
all 17 exons of XRCC1, a critical protein in base excision repair, 
in 300 HNC cases and 150 matched cancer-free controls 
(Mahjabeen et al., 2012) and found two silent mutations in 45% 
and two missense mutations in 55% of cases, accounting for a 
total mutation frequency of 87%. Both silent mutations were 
distributed equally among males and females and smokers vs. 
non-smokers (Mahjabeen et al., 2012). In another study, 
sequencing of all exons and adjacent introns of RAD51C 
revealed 5 distinct heterozygous sequence alterations in 5.8% of 
HNSCC cases (Scheckenbach et al., 2014).

As summarized in Fig. 2, applications of NGS in dentistry 
are not necessarily confined to cancer patients. With advances in 
our knowledge of oral diseases, the link between genetics and 
oral, dental, and craniofacial disorders is becoming increasingly 
clear. However, a careful patient-selection algorithm based on 
individual needs, along with the associated costs and perceived 
benefits of NGS for each case, should be considered. In addi-
tion, NGS results must be analyzed appropriately utilizing stan-
dardized criteria and data analysis pipelines before clinical 
decisions are made. In an attempt to translate the results of NGS 
studies, Mroz and Rocco (2012) introduced mutant-allele tumor 
heterogeneity (MATH) as a measure of the distribution of 
mutant-allele fractions among loci. According to those authors, 
in 74 HNSCC cases from the study by Stransky et al. (2011), 
MATH ranged between 19 and 55 and was reported to be lower 
in HPV-positive tumors. It was also noted that the group of 
tumors having the highest intra-tumor heterogeneity showed the 
worst outcome (Mroz and Rocco, 2012).

Next-generation Sequencing in 
Personalized Medicine

The ultimate purpose of research aimed at understanding the 
genetic mechanisms contributing to development and progression 
of disease is prevention and the improvement of therapeutic out-
comes for patients. Currently, NGS is being used to study 
genomic alterations in different diseases, and although frequently 
mutated genes have been identified, Mardis notes that most of 
these are mutated in only a small fraction of tumors (Mardis, 
2012). This finding has brought forth the idea of personalized care 
on a patient-by-patient basis to manage the physiological effects 
of each genomic alteration (Jones et al., 2010).

Recent randomized trials have shown that most available 
targeted therapy drugs bear low or no anti-tumor activity, due to 
intrinsic (primary) and extrinsic (secondary) drug resistance, 
and their effects are limited to a few months. Long-term follow-
up has shown either low or no therapeutic effects for most of 
these drugs (Ziogas et al., 2012). To overcome these challenges, 
biomarker-based cancer therapy that aims at the discovery and 
identification of new molecular targets and new therapies is 
being extensively studied (Ross et al., 2010).

Until recently, patients’ mutation status was determined by 
different techniques that were based mostly on PCR. In an 
example of the utilization of the amplification refractory muta-
tion system (ARMS) in targeted therapy, Mok et al. (2009) 
observed that non-smoking Asian patients with epidermal 
growth factor receptor (EGFR) mutation have a better progres-
sion-free survival rate when their pulmonary adenocarcinoma 
was treated with genfitinib (Mok et al., 2009). In a similar 
clinical study on non-resectable stages IIIC and IV melanoma 
cases with BRAF V600E mutation detected by real-time PCR, 
the progression-free survival rate of patients treated with vemu-
rafenib was significantly higher than that of those treated with 
different cytotoxic drugs (Chapman et al., 2011). These two 
studies are good examples of the importance of personalizing 
treatment according to patients’ molecular profile. However, 
despite its convenience and time efficiency, PCR lacks sensitiv-
ity and has limited ability in finding unknown mutations.
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NGS has also been used in the personalized treatment of non-
small-cell lung cancer with epidermal growth factor receptor 
(EGFR) deletions (Guo et al., 2011). The best example for the 
application of NGS in individualizing treatment is systematic 
pharmacogenomic analysis of a whole genome from a Malay 
male volunteer, which resulted in a map containing a list of 
genes involved in the metabolism and transformation of drugs/
therapeutic agents, and information about the predicted deleteri-
ous variants and their potential effect on transport, metabolism, 
and drug end targets (Salleh et al., 2013). Despite sporadic 
impressive case reports, the application of NGS in clinical 
oncology is progressing slowly; however, with improvements in 
NGS technology and data analysis pipelines, the preparation of 
a comprehensive molecular profile prior to designing personal-
ized therapy in a clinically acceptable timeframe is edging ever 
so closely to completion.

To test the feasibility of applying targeted sequencing to 
clinical practice, Han et al. tested alterations of 183 genes in 
tumor and matched normal samples of 60 colorectal adenocarci-
noma patients (Han et al., 2013). They found their results to be 
of clinical use and consistent with Sanger sequencing data. 
These findings are suggestive of the need for implementation of 

personalized care based on evaluation of somatic mutations in 
cancer patients. To test the practicality of NGS in clinical situa-
tions, Roychowdhury et al. sequenced the whole genome and 
transcriptome of tumors and targeted whole-exome of tumors 
and normal DNA in two patients with advanced or refractory 
cancer (one metastatic colorectal cancer and one metastatic 
melanoma) (Roychowdhury et al., 2011). A multidisciplinary 
board deliberated on the clinical consequences of genomic 
alterations, and within 24 days of biopsy, personalized treat-
ments were designed (Roychowdhury et al., 2011). Although 
most of the findings in this pilot study were not clinically sig-
nificant, the approach proved NGS to be clinically relevant and 
practical in terms of cost and time.

The identification of driver mutations in cancers with a high 
mutation rate and a heterogeneous/more complex nature is chal-
lenging. As illustrated in Fig. 3, based on the purpose and nature of 
the study, different portions of genetic material should be targeted 
by NGS platforms. While NGS seems very likely to become part of 
routine patient management, overall costs, clinical utility and rele-
vance, timeline requirements, and bioinformatic analysis are among 
the unresolved issues that need to be debated and discussed further 
before this becomes a clinical reality.
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Figure 2.  Application of next-generation sequencing in personalized risk assessment, prevention, and treatment of patients with dental, oral, and 
craniofacial diseases.
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Ethical Considerations

There are a trio of factors to be considered when it comes to 
NGS ethical issues: (a) the techniques and facilities that lead to 
production of large amounts of data and the resultant informa-
tion held by scientists; and (b) the fact that research groups tend 
to share their results with each other. These first two factors 
seem reasonably well founded and thought out with no possible 
challenge until one realizes that these genomic methods are 
applied in a social context where (c) storage and unauthorized 
use of data are becoming major concerns. In this context, the 
fundamental ethical requirements of patient consent for access 
to their data, treatment, and research should be re-evaluated. 
With the progress in mathematical and bioinformatics tech-
niques, the identification of patients becomes easier through 
linking points and scores. Moreover, more data are being shared 
through informal means or deposition in cloud-based databases, 
and this compromises participant privacy (Zonta et al., 2012). 
Whole-genome sequencing data are normally protected by com-
plex and sometimes controversial national laws, and it is diffi-
cult for ethics review committees to protect participants when 
the regulations are nationally based. The national governance of 
data also fails to address international collaborations, which are 
increasing in number (Kaye et al., 2010).

In genomic studies, the potential of infringement on privacy 
is far more important than the potential of physical harm to a 
patient. Patients should be adequately “informed” about the pos-
sibility of data-sharing before consenting to participate in 
genomic sequencing, either for research purposes or as part of 
their medical care. Providing patients with the results of the 
study in which they participated is both non-controversial and a 
welcome practice (Kaye et al., 2010). In contrast, the feedback 
of individual sequencing studies, especially whole genome 
sequencing, remains an extensively debated and controversial 
issue (Knoppers et al., 2006). Currently the common belief is 
that the same standards that apply to MRI and CT studies should 
be applied to whole genome sequencing, implying that when 
there is a serious finding with significant, clear, and verifiable 

clinical relevance, in case it is treatable, the moral obligation of 
the research team is to inform the participant (Wolf et al., 2012).

Concerns and Conclusions

The drive from both the clinical and research spheres to improve 
and upgrade existing technologies has resulted in the production 
of a new generation of NGS platforms with higher accuracy, 
time-efficiency, and cost-effectiveness. Projects such as The 
Cancer Genome Atlas (http://cancergenome.nih.gov) and the 
International Cancer Genome Consortium (http://icgc.org) 
attempt to comprehensively profile different types of cancers by 
studying different genomic alterations through NGS platforms.

NGS provides the option of producing more than one billion 
base-pairs in a 4-day run; nevertheless, to interpret the produced 
data, one needs sophisticated bioinformatics methods. Analysis 
and translation of such data into the clinic are further compli-
cated by the heterogeneous nature of most cancers. Finally, 
regardless of how exciting the large body of produced data and 
potential discoveries may sound, studies in this field are limited 
by cost, complexity of the data output, and scarcity of samples 
with high-integrity DNA. To partly resolve these issues, the 
third generation of NGS platforms focuses on sequencing a 
single molecule of DNA which, despite its promise, poses an 
important question of bias in sample selection (Ulahannan et al., 
2013). Among other limiting factors in NGS studies are the 
quantity and quality of DNA. Most archival tumor samples are 
preserved as formalin-fixed paraffin-embedded (FFPE) tissue; 
hence, the quality of the starting material for these studies can 
be compromised. Potential for increased protein carryover, and 
high amounts of degraded and single-stranded DNA are among 
the limitations of using FFPE samples (Schäfer et al., 2009). 
Despite these limitations, a few studies have successfully used 
FFPE samples to study mutations, copy number variation, and 
determination of germline variations (Kerick et al., 2011; 
Schweiger et al., 2011; Menon et al., 2012).

With more clinically relevant data from NGS studies, it is 
expected that NGS will expand from a cancer/mutation-focused 

Figure 3.  Potential applications of NGS strategies in research and clinical practice.
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technique to include translocation, gene copy number altera-
tions, and epigenetic changes of the genome. With advances in 
technology and our understanding of intra-tumor heterogeneity, 
the starting sample and the germline control may also change. In 
addition, the new-generation oral health practitioners are 
embracing the concepts of evidence-based and minimal inter-
vention medicine that make personalized treatment of oral dis-
eases even more practical (Farah et al., 2013).

However, between the production of NGS data and the appli-
cation of these findings to day-to-day clinical needs, there are a 
few major hurdles to overcome. First, detection of a genetic 
alteration does not necessarily make it a driver mutation. One 
step closer to the clinical application, an identified mutation is 
neither necessarily preventable nor definitely treatable. Silencing 
mutations in tumor suppressor genes are very complex to 
reverse, and in many instances their inhibitors are of no use 
(Brakenhoff, 2011). Most cancer-related pathways in cells are 
very critical, and inhibition or alteration of these could be lethal 
for cells; however, the presence of compensating pathways 
makes synthetic lethality a successful strategy (Fong et al., 
2009). Finally, as Garcia et al. have discussed, the side-effects 
of targeted therapies, such as drug resistance and toxicity, 
should not be overlooked (Garcia et al., 2013).

While significant progress has been made in the identifica-
tion of mutations underlying the development of HNSCC, the 
first forays into whole-genome and exome sequencing of 
HNSCC have proven that we are only beginning to understand 
the complex landscape of this group of malignancies. 
Heterogeneity of HNSCC, combined with racial and geographi-
cal differences in the human genome (Rosenberg et al., 2002), 
necessitates extreme attention to detail in the design of NGS 
studies. Continuing to map samples to a “normal pool” or a 
common reference genome should be re-evaluated. Similarly, in 
light of the advantages and disadvantages of NGS and the poten-
tial of bioinformatic models to improve the data, attention 
should be paid to family-based studies in non-consanguineous 
cases (Hou et al., 2013; Kamphans et al., 2013).

NGS is a powerful tool with high potential, and its applica-
tion is a great asset to researchers; however, further optimization 
and detailed studies are required to shed light on the molecular 
pathogenesis of cancer to assist patients in everyday clinical 
scenarios in a personalized and meaningful manner. The 
extended time between the studies by Stransky (Stransky et al., 
2011) and Agrawal (Agrawal et al., 2011) and subsequent pub-
lications in the field, along with differences in the patient 
cohorts studied, are symptomatic of obstacles faced by scientists 
and clinicians in this area. Planning and utilization of NGS tech-
niques require not only physical resources but also clinicians 
with an interest in the field, in addition to technical and bioin-
formatic knowledge. Furthermore, advancement in this area will 
be dependent on research groups willing to collaborate and 
share resources.

With competitive increases in the capacity of platforms, and 
decreases in the cost and volume of starting material, NGS 
offers great potential for the unraveling of oral diseases. NGS 
has the potential to transform the reactive and treatment-based 
nature of oral health care, to actively predict the risk, and aim to 
prevent them. Truly personalized dentistry shares its challenges 

with NGS; both need cost reduction and solutions to technical 
shortcomings, in addition to connecting the generated data to 
meaningful clinical findings. Genetic profiling of patients with 
oral diseases is still in its infancy, and oral health practitioners 
will need to broaden their understanding of the molecular basis 
of disease before this becomes useful in routine clinical practice. 
The next generation of oral health clinicians should acknowl-
edge that the term ‘head and neck cancer’ does not adequately 
reflect the complexity of this group of tumors, in a manner 
similar to that espoused by Ellis and Perou in relation to breast 
cancer (Ellis and Perou, 2013). As they have correctly noted, the 
application of all available technologies does not make our 
patient management personalized, but rather helps us reach a 
“real diagnosis” and an “appropriate etiology-matched treat-
ment” which should become standard care in the near future 
(Ellis and Perou, 2013).
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