How are advances in genomics impacting
on pathology and patient care?
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Defined by the Royal College of Pathologists as “the study of the body’s genes, their
functions and their influence on the growth, development and working of the body”!, genomics
expands upon the definition of “genetics” as we understand it. It looks at the entirety of an
individual’s genetic code, not just the genes that code for proteins, but non-coding regions -
which are now understood to play a significant role in the expression of our genetic code and
the interaction between different genes?. Therefore one’s “genome” is the full genetic code of
an individual. Genomics may also investigate pathogens to elucidate information to aid in more

precise drug treatment?®.

With the advent of next generation sequencing [NGS] and whole genome sequencing
[WGS], reading the full genetic code became a viable procedure in the pathological
investigation of diseases. Greater uptake of this technology may potentially revolutionise the
way in which clinicians assess risk, diagnose, and prioritise treatment options, thereby
potentially improving prognosis for patients*®. Examples include lung and colorectal cancer
patients where NGS is being used to direct treatment, but this is not yet the common
approach®’. Other instances include the case of a 4-year-old with a glucose metabolism
disorder, diagnosed via WGS. This diagnosis directed dietary changes meaning improvement
of their symptoms*. Another is that of a 10-year-old who had a life-threatening varicella
infection. WGS identified a CTPS71 mutation and diagnosed immunodeficiency. This directed
clinical management and referral for a potentially curative haematopoietic stem cell
transplant®.

For the pathologist, the greatest change to their role due to uptake of genomic
technology will be seen in the treatment of cancer. Where previously immunohistochemistry
indicated the distribution and parent-tissue of a cancer based on antigen expression, there will
be widespread genomic assessment of tumours®. Genomics details changes to the DNA of
the cancerous cells as it is possible to pinpoint the changes within each part of a tumour.
Consequently, this requires the pathologist to understand genomic reports to carefully assess
each part of a tumour, clearly describe germline changes, and therefore direct treatment
options most suited to the patient’s specific cancer. This is not without difficulty as although
multiple mutations may be identified, it is tough to decipher which mutations are influencing
metastatic and proliferative actions®.

Pathologists will be involved in genomic studies of patients to assist in the early
detection of cancer, or in its recurrence'™. This may increase workload for the pathology
department; with exact DNA information provided by genomic studies, expert knowledge on
the resulting tumour’s phenotype will still be required™".

Genomics requires significant changes to the gathering and processing of pathological
specimens. Sequencing of tumours requires specimens to be freshly frozen as opposed to
formalin preservation - a significant shift in itself - as formalin destroys DNA'2. Processing
procedures will need to take into consideration that multiple sections of tumours will need to
be sequenced as they may have insufficient DNA, multiple mutations depending on the



tumours internal map, or in metastatic tumours, different DNA mutations from the principal
tumour™ ™, Furthermore, a non-cancerous sequence is required to compare patients results
to the normal functioning cell.

Genomics should be considered a powerful investigative tool. It is particularly useful in
the study of rare diseases where there is a complex genetic component, and a single genetic
mutation won’t be predictive of disease. The broader approach provided by NGS is more likely
to find a diagnosis. Genomics studies have begun to enhance definitive diagnosis for rare
diseases™. This has resulted in much quicker diagnoses for up to 7% of the U.K. population
which previously would have taken many years and multiple misdiagnoses to ascertain a
definitive disease. The 100,000 Genome’s Project generated a diagnosis for 15% of patients
who previously had no diagnosis for their rare disease®. This has resulted in improved patient
care as specific, tailored treatments can now be delivered to these patients in a timelier
fashion. As more genomic studies are carried out, more causal relationships will be identified
and further disease states mapped genomically'?.

The U.K. has introduced WGS to assist in the day-to-day diagnosis, treatment and
monitoring of tuberculosis®. Pathogen genomics identifies pathogen susceptibilities and
resistance. It is being used to prevent overtreatment in infectious diseases with testing trialled
in Escherichia coli, Neisseria gonorrhoeae and Clostridium difficile'®. This will ensure that
patients are being given targeted treatment, minimising the need for repetitive courses of
antibiotics. Building upon this, the field of pharmacogenomics - developing medicines and
targeting diseases based upon genomic susceptibilities — has developed treatments such as
cholesterol lowering antibody drugs'” and anti-sclerostin antibodies for osteopenia®®. Further
developments are headed in the use of licenced drugs to treat diseases other than their
original intention’. Known as precision medicine, this approach has been shown to be
effective in refining dosing for warfarin, codeine and simvastatin by identifying mutations
responsible for metabolism’.

Ethical and societal dilemmas are created with the greater use of genomics in practice.
Initial thoughts turn to the safe storage of sensitive information about vast numbers of the
population, or potentially everybody if a WGS is derived at birth. This in itself poses a question
— if a child is identified with an adult onset mutation that carries a significant risk to their life,
how should this information be managed? Furthermore, if a genetic disease is identified in a
family, which other family members should be informed of this increased risk? Will detailed
knowledge of one’s genome impact insurance? These are all points discussed currently before
undergoing WGS and may be of significant concern to patients™2°, It is important to note that
advances in genomics may be at a pace greater than patients understanding, and as partners
in their care, we are responsible for providing comprehensible information?'.

Genomics is still very much evolving. Whilst some uses have been embraced, the field
is only at the beginning of its potential application. Introduction will require substantial change
to how pathology departments function and how patients travel through the health service,
most notably in oncology services. As more information is generated and shared, more
advances will be produced.
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