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Worldwide, oesophageal cancer is the sixth leading cause of deaths related to cancer and represents a major
health concern. Sub-Saharan Africa is one of the regions of the world with the highest incidence and mortality rates
for oesophageal cancer and most of the cases of oesophageal cancer in this region are oesophageal squamous
cell carcinoma (OSCC). The development and progression of OSCC is characterized by genomic changes which

can be utilized as diagnostic or prognostic markers.
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| 1. Introduction

In most patients, oesophageal cancer is characterized by late presentation, resulting in poor outcomes. Patients
tend to only consult their healthcare practitioners at these later stages due to a variety of factors. These include no
noticeable symptoms during the early stages of the disease and a lack of biomarkers for early detection (Reviewed
in ). Due to this lack of biomarkers, diagnosis currently relies on well-established methods of histology followed
by staging imaging prior to planning any treatment (Reviewed in [&). A further group of complications that is
especially prevalent in developing countries arises due to challenges within the health care system structures.
These can include poor referral patterns and existing inequalities within the healthcare system. Several studies
have tested different proteins and genetic markers for their potential use as biomarkers to improve current methods
for the diagnosis of oesophageal carcinoma B4, However, the advances in sequencing, along with increasing
numbers of genome-wide association studies (GWAS) and the application of this genomics data acquisition
methods to cancer, has started to change this; this may potentially lead to early detection and the promise of
precision oncology. Not only do these studies have the potential to uncover biomarkers that may potentially be
useful in the early diagnosis and treatment of oesophageal cancer, but they can be used to characterize
populations that have previously been neglected in genomic studies, such as Africans. Next-generation sequencing
(NGS) of tumor-derived DNA and RNA can reveal multiple cancer-specific changes to the genome and
transcriptome. Sequence mutations, insertions, deletions, rearrangements, copy number variations (CNVs), and
loss of heterozygosity can all be revealed by sequencing DNA isolated from cancer cells. Sequencing of the
transcriptome of cancer cells can reveal the presence of, gene fusions, alternately splice mRNA transcripts and
changes in the transcript levels of mMRNAs (coding genes) or small non-coding RNAs. This would give information
concerning gene or non-coding RNA transcription profiles which would be specific to a particular type or stage of

cancer 2,
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The use of NGS in large-scale cancer genomics discovery projects has resulted in the elucidation of the underlying
molecular basis and mechanisms for cancer development and progression in a variety of tissues, including the
genetic drivers of cancer 2. These cancer-specific molecular changes, whether they are gnomic, transcriptomic or
epigenomic, may serve as useful biomarkers. This can only happen once they have been identified as being
associated with diseased tissues and not to be present in in normal tissue 6 These changes, therefore, hold the
promise of serving as new diagnostic and prognostic tools and may complement or replace histological analysis in
this regard 2.

| 2. Altered Gene Expression in OSCC

Oesophageal cancer develops from stratified squamous epithelium and is associated with molecular abnormalities
in a variety of genes. These include structural chromosomal abnormalities, gene upregulation or downregulation,
somatic pathogenic variations, and hyper-methylation (Figure 1). Oesophageal cancer generally develops in
response to a chronic inflammatory insult to the normal cells which results in somatic mutations, CNVs and
chromosomal aberrations. These changes result in cancer formation and progression as normal epithelium

undergoes basal cell hyperplasia and intraepithelial neoplasia (dysplasia) to give rise to invasive carcinoma I,

Figure 1. The role of various pathways in OSCC: the transcription factor SOX2, the ligand for the FRIZZLED
receptor, WNT and the transcriptional activator TP63 are all up regulated in OSCC. The increased expression of
these proteins also indicates a poor prognosis. SOX2 forms a trimeric complex with OCT4 on DNA and NANOS
which controls the expression of several genes involved in proliferation. NANOS is a translational repressor which
leads to the increased expression of metalloproteinases. Increased WNT expression leads to increased levels of B-
catenin. TP63 inhibits the production of ANP63a, which dampens PIK3K by preventing EGFR signaling 9.

Next-generation sequencing as a method to characterize genomic changes in cancer tissues offers the advantage

of not having to have any prior knowledge of the DNA sequences being studied. NGS can be used to analyze the
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whole genome, whole exome or known cancer-causing genes using targeted cancer panels. These analyzes have
detected widespread genomic alterations in OSCC 21, The genomic characterization of tumors allows for specific
molecular changes to be targeted for the development of unique therapies and interventions for each type of
cancer, according to the underlying biological basis of each type of cancer. This allows scientists to use these
genomic changes as biomarkers to monitor the drug response of the disease and identify the initiation and
mechanisms underlying drug resistance. This information would allow for guided clinical decision making regarding
the treatment of patients [,

| 3. Tumor Mutational Burden

Cancer is the phenotypic endpoint of accumulated genetic and epigenomic alterations. A metric was created to
quantify the number of mutations present in a tumor. Metric is known as the tumor mutation burden (TMB) 12 and
is calculated by dividing the number of missense mutations in the tumor genome by the size of the of the DNA
being measured, in megabases. Normally this is by either the size of the protein coding genes which is 35-45 Mb
in humans 2], or by the entire genome, 3.3 Gb in humans. The former is used for whole exome sequencing (WES)

and the latter for whole-genome sequencing (WGS) 24!,

The TMB is also expressed as the mutations per million bases of the tumor, genome examined 1318 TMB is a
continuous variable, ranging from 0.001 mut/Mb to more than 1000 mut/Mb as has been observed across and
within cancer types [£2. It is speculated that a tumor bearing a higher TMB level may be highly immunogenic as it is
likely to harbor more neoantigens. These neoantigens can then be targeted to a higher degree by activated
immune cells capable of inducing an anti-tumor immune response, which would result in a good clinical prognosis
(127 This increase in neoantigens occurs because TMB is believed to be a good indicator of the number of

immunogenic neopeptides displayed on the surface of tumor cells, which influences patient response to ICls 13,

The Checkmate trials are a clinical trial of the adjuvant checkpoint inhibitor Nivolumab in high-risk bladder cancer
that has invaded muscle-tissue [18l, According to the Checkmate trials, allowed the researchers to establish a TMB
threshold for a high TMB is =10 mutations per megabase (10p6) (mut/Mb) and was demonstrated as a robust,
independent biomarker of response based on the objective response rates of the tumors in those studies not
improving much beyond this threshold 22141 Although TMB—H prevalence varies widely between different types
of tumors, it has emerged as a potential biomarker for tumors that are likely to respond to immune checkpoint
inhibitor therapy 22,

In oesophageal cancer, it was found that clinical factors, such as age, gender, tumor grade, tumor stage, race, and
prior radiation treatment, were not associated with TMB levels and there was no significant correlation between
TMB and TNM stages. A multivariate regression analysis of TMB levels and OSCC associated risk factors,

indicated that TMB is a risk-independent prognostic factor, with a lower TMB being associated with a better

https://encyclopedia.pub/entry/49224 3/5



Molecular Basis of Oesophageal Cancer | Encyclopedia.pub

prognosis 12, Oesophageal adenocarcinoma (OAC) has a higher TMB than OSCC. A study comparing the two
have found a mean TMB-High >17 mut/Mb in 3% of OSCC were compared to 8% for OAC 3],
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