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Genetic and genomic tests are increasingly a part of the landscape in general practice.
Greater knowledge about the genome has been accompanied by decreasing technological
costs for genetic testing. While this is great for patients, it has necessarily resulted in more
complex genetic tests with results requiring more interpretive input.
Genetic pathology is a dynamic field with heightened interest around available tests, their
appropriate use, benefits and limitations. Newer tests can have evolving applications and
clinical guidelines, necessitating ongoing engagement and education for referrers.
In this issue of Common Sense Pathology, we examine three clinical scenarios and the
current evidence for genetic testing.

Case 1
Kathy, 54, presents with hot flushes having not menstruated for the past year. She also
tells you that her brother has just been diagnosed with haemochromatosis. Her brother
has advised her to get tested.
What are the different genetic tests for haemochromatosis?
Haemochromatosis is defined as systemic iron
overload. Hereditary haemochromatosis (HH)
is defined as systemic iron overload with
a genetic origin. This can be caused by a
reduction in the concentration of hepcidin, an
iron regulatory hormone, or by a reduction
in binding between hepcidin and ferroportin,
a cellular iron transporter. Both these
mechanisms lead to increased ferroportin
activity and accumulation of iron.

The most common form of HH is due to the
presence of pathogenic variants (colloquially
referred to as mutations) in HFE, the gene
encoding a membrane protein that binds the
transferrin receptor (TFRC) in its extracellular
domain and that is required for normal
regulation of hepcidin synthesis. This is also
known as HFE-associated HH (HFE-HH),
which is inherited in an autosomal recessive
manner, meaning that both copies of the HFE
gene must have pathogenic changes (i.e. two
mutations must be inherited, one from each
parent).
Common pathogenic variants in HFE account
for over 90% of HH phenotypes in people
of European descent. Approximately
60%-90% of people of European ancestry
with HFE-HH are homozygous for variant
p.Cys282Tyr, where both copies of the
normally encoded amino acid cysteine are
replaced by tyrosine, 3%-8% are compound
heterozygous for p.Cys282Tyr / p.His63Asp,
and 1% are homozygous for p.His63Asp.
Non-HFE forms of HH due to variants in other
genes, such as HAMP, HJV, TFR2 or SLC40A1
also exist, but are rare.
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When is testing subsidised?
Testing for common causative (pathogenic) HFE variants is MBS subsidised when specific clinical
pre-conditions are met. These pre-conditions include:
a) The patient has an elevated transferrin saturation or elevated serum ferritin on testing
		 of repeated specimens; or
b) The patient has a first degree relative with haemochromatosis; or
c) The patient has a first degree relative with homozygosity for the C282Y genetic mutation,
		 or with compound heterozygosity for recognised genetic mutations for HFE-HH.
Kathy fulfils pre-condition (b) and could have genetic testing to determine if she has an HFE-HH
genotype (two pathogenic variants). Genetic testing for HFE-HH involves targeted testing for the
most common pathogenic variants in the HFE gene. Kathy should also be tested to see if there
is biochemical evidence of iron overload, such as elevated serum ferritin and fasting transferrin
saturation, or liver damage as indicated by abnormal liver function tests (LFTs).

What should Kathy be advised if she is positive?
If Kathy has one of the genotypes previously listed, where both copies of the HFE gene have
pathogenic variants, she would be considered to have an HFE-HH genotype. However, many
patients with an HFE-HH genotype may not subsequently develop biochemical or clinical
manifestations of HH.
The percentage of patients with an HFE-HH genotype who then develop signs or symptoms is
referred to as the disease penetrance. In HFE-HH, this would be the percentage of patients with
homozygous or compound heterozygous pathogenic variants who then exhibit either clinical or
biochemical hemochromatosis.

Patients with an HFE-HH genotype can manifest as having one of three different
phenotypes, in order of severity:
		 1.
				
		 2.		
				
				
		 3.		
				

Non-expressing haemochromatosis, where there is no clinical or 			
biochemical evidence of iron overload
Biochemical haemochromatosis, where the genotype is associated with 		
an elevated serum ferritin/transferrin saturation which is not explained by 		
other factors, but there is no clinical manifestation of disease.
Clinical haemochromatosis, where there is evidence of end organ damage, 		
such as skin pigmentation, cirrhosis, or cardiac failure.

The development of biochemical and clinical manifestations in individuals with an HFE-HH
genotype is modified by several factors. Penetrance for clinical or biochemical haemochromatosis
differs significantly between men and women, with one study reporting 28.4% of men versus
1.2% of women with p.Cys282Tyr homozygosity satisfied criteria for a diagnosis of clinical
haemochromatosis.
Estimates for penetrance of homozygous p.Cys282Tyr have been reported to be 25–60%. Often,
patients who are not homozygous for p.Cys282Tyr but develop biochemical or clinical evidence
of iron overload may have a co-existing risk factor causing hepatocellular injury.
If Kathy has an HFE-HH genotype, it is not possible to predict with certainty whether she will
develop biochemical or clinical manifestations using any currently available tests. The factors
affecting penetrance should be discussed, and appropriate advice on lifestyle modifications,
e.g. vaccination for hepatitis and avoidance of alcohol should be offered and surveillance discussed
(see below).

What does it mean for Kathy and her children if she is heterozygous for one of these
gene mutations?
HFE-HH is an autosomal recessive disorder. If Kathy is heterozygous for one pathogenic variant,
she would be a carrier for HFE-HH. The implications of this for her children will depend on the
genetic status of her reproductive partner.
Among Europeans, particularly those of northern European origin, the carrier frequency for
pathogenic variants in HFE is high, with approximately one third of northern Europeans found to
be heterozygous for either p.Cys282Tyr or p.His63Asp.
If Kathy’s partner is also found to be a carrier of a pathogenic HFE variant, then her children
will have:
• A 25% of inheriting HFE variants from each parent, thus having a HFE-HH genotype
		 with subsequent risk of developing clinical or biochemical haemochromatosis
• A 50% chance of inheriting an HFE variant from one parent and being an
		 asymptomatic carrier
• A 25% chance of inheriting both normal gene copies.
If Kathy’s partner is found not to be carrier, her children will have a 50% of inheriting one
pathogenic HFE variant from her and being asymptomatic carriers, or a 50% chance of inheriting
normal gene copies from both parents. Kathy’s reproductive partner should therefore be offered
HFE gene testing to clarify the risk for her children.

What surveillance is required?
Most patients with HFE-HH, if diagnosed
early and managed well, can go on to have
a relatively normal and healthy life. Serum
ferritin, transferrin saturation and LFTs
must be performed to establish the degree
of iron overload and potential liver damage.
Other investigations, such as MRI, may also
be considered to assess the severity of iron
overload, which can lead to tissue damage and
cellular death through the production of reactive
oxygen species. Non-genetic causes of elevated
ferritin (e.g. alcohol, inflammatory disorders,
metabolic syndrome and cytolysis) should be
investigated and excluded.

Non-expressing patients may be monitored
by measuring ferritin concentration annually.
Patients should be referred to a specialist for
treatment and ongoing monitoring if they have
clinical haemochromatosis, or with biochemical
haemochromatosis when serum ferritin
concentration exceeds 300 ng/mL in men, or
200 ng/mL in women.

The mainstay of management in the case of biochemical or clinical
haemochromatosis is phlebotomy, with the aim of maintaining serum ferritin
below 300ng/mL in men and 200ng/mL in women.
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Case 2
Julie and Gavin are expecting their first baby. They ask about NIPT. When is the best
time to do this test?
Non-invasive prenatal testing (NIPT) for fetal chromosomal disorders is a screening test which
involves the detection, characterisation and quantification of placental cell-free DNA (cf-DNA).
Cell-free DNA consists of short DNA fragments, released into the circulation from normal cellular
apoptosis and turnover. In pregnancy, this normal cellular turnover includes DNA from maternal
tissues and the placenta; more specifically, the outer trophoblast. Placental cell-free DNA is shorter
and so can be distinguished from maternal cell-free DNA based on size. The relative proportion of
placental cf-DNA is also known as the fetal fraction, and it reflects the fetal genotype.
Fetal fraction can be impacted by individual maternal and fetal biological characteristics,
including gestational age and maternal BMI. The fetal fraction for a given gestational age follows
a mostly normal distribution curve, with a median value of ~10% at 10 weeks gestation. Current
NIPT tests are capable of accurate detection of chromosome aneuploidies (abnormal number
of chromosomes) from 10 weeks gestation onwards. While studies have demonstrated earlier
detection is technically possible, testing guidelines for current technologies generally recommend
NIPT be performed from 10 weeks gestation onwards. This ensures lower test failure rates (with
associated anxiety and repeat testing) and testing when performance characteristics are known.

The couple is anxious about a genetic abnormality because Gavin’s half-sister has
cystic fibrosis. Can this gene be assayed from an NIPT?
NIPT routinely screens for changes to the number of fetal whole chromosomes (chromosomal
aneuploidy), most commonly trisomy 13, 18, and 21, although other chromosomes can now also be
assessed. Expanded forms of NIPT are also routinely available, which include detection of partial
chromosomal aneuploidies (also known as segmental aneuploidies, sub-chromosomal aneuploidies,
or microdeletions, depending on their size) which can also lead to known genetic syndromes.
Currently, NIPT beyond these applications, such as for detection of changes at the single gene level,
(e.g. in cystic fibrosis), is not possible via routine testing practice. The couple’s concerns are best
addressed pre-natally or in early pregnancy (<10 weeks gestation) by testing both parents for carrier
status via genetic carrier screening. Later testing of the parents and the fetus via CVS/amniocentesis
is also possible. Invasive testing of the fetus is generally not recommended if there is no intent to act
on the results.

What are the standard NIPT assays and what is their degree of accuracy?
The two most common methods for performing NIPT are:
• sequencing-based methods (brand names include Percept, Generation and Nest)
• genotyping-based methods, also referred to as single nucleotide polymorphism (SNP) 		
		 analysis (e.g. Harmony and Panorama)
When testing for the more common autosomal chromosomal aneuploidies (chromosomes 13, 18,
21), all the widely used platforms have high accuracy (>99%), as well as high specificity (>~99%)
and sensitivity (>~98%). Independent publications have demonstrated that sequencing-based
NIPT has a lower test failure rate compared with NIPT using SNP analysis (~1.58% vs 6.39%).
In Australia, laboratory accreditation requirements mandate that laboratories make important
characteristics such as accuracy, sensitivity, specificity and test failure rate of their platforms
available to their referrers, with these also often stated on NIPT result reports.
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Case 3
Byron, 18, has just been diagnosed with inflammatory bowel disease. His specialist
wants him to start on azathioprine. He is concerned because his grandmother had
ulcerative colitis, developed liver failure and died as a result of medication. He is unsure
which medication caused her death.
Is there any specific genetic testing available to check the safety of medications such as
azathioprine and 6-mercaptopurine?
Inherited genetic variation in drug metabolising
genes plays a role in the ability to process
and respond to medications, both in terms of
efficacy and toxicity.
Pharmacogenomics (PGx) is the study of
genotypes and their impact on response
to drugs. PGx tests analyse an individual’s
genetics, and predict that person’s ability
to metabolise specific medications, with the
aim of identifying effective, safe medications

and doses for that individual. Thiopurine
methyltransferase (TPMT) genotyping is
an example of a PGx test, subsidised via
the MBS, where testing the patient’s TPMT
genotype before prescribing azathioprine
(and other purine drugs such as mercaptopurine
and thioguanine) can provide important
information about the likely effectiveness
or risk of side effects for the patient,
allowing the prescriber to adjust the dosage
or drug category.

What is azathioprine?
Azathioprine is a purine antimetabolite immunosuppressive agent. The main therapeutic effects
of azathioprine are through the incorporation of one of its major metabolites, 6-thioguanine
nucleotides (6-TGN), into DNA. Azathioprine is commonly used for induction and maintenance
immunosuppression in a broad range of clinical indications, including in the treatment of
inflammatory bowel disease, as in Byron’s case. Other therapeutic uses include in systemic
rheumatic disease, systemic vasculitis, autoimmune liver disease, and in inflammatory skin
conditions. Azathioprine therapy can, however, cause severe and potentially life-threatening acute
myelosuppression.
The enzyme TPMT plays an important role in azathioprine metabolism. TPMT enzyme activity
exhibits inter-individual variability, mainly as a result of inherited individual genetic differences.
TPMT genotyping is a safe and rapid method of detecting the most common genetic variants
affecting TPMT activity and potential for myelotoxicity.

Azathioprine contraindications
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A small proportion of individuals (<1%) have a genotype which confers nil/negligible TPMT
activity, and azathioprine therapy is contraindicated in these patients for non-malignant conditions.
Individuals determined to have intermediate or deficient TMPT activity based on their genotype
(~10%) may be able to be treated with azathioprine, however dosage adjustments are essential as
standard doses carry an increased risk of myelotoxicity (see Table 1 below).
However, TPMT activity (and therefore genotyping) does not predict azathioprine-induced
hepatotoxicity (such as for Byron’s grandmother) or gastro-intestinal adverse effects.

Close monitoring of the full blood count (FBC) and liver function tests (LFTs)
must be performed in ALL patients after initiation of azathioprine therapy.
This should be done every 2 to 4 weeks for the first few months of treatment
and then every 1 to 3 months after that.

What should Byron be advised?
Byron should be advised to have TPMT genotyping before starting azathioprine therapy, with his
starting dosage determined based on his genotype.
Once treatment has begun, therapeutic efficacy of azathioprine can be monitored via measuring
6-TGN, along with 6-methylmercaptopurine (6-MMP, another significant metabolite). These will
help to adjust ongoing dosage and determine Byron’s appropriate therapeutic dose. As mentioned
above, regular monitoring of FBC and LFTs for liver and bone marrow toxicity is also necessary.

Table 1: Examples of common TPMT genotypes, with predicted likely
phenotype and azathioprine dosing recommendations
TPMT genotype
examples (diplotypes)

Functional alleles

Likely phenotype

Therapeutic
recommendation		

*1/*1

Two normal alleles

Normal metaboliser

Start with normal
starting dose

*1/*2, *1/*3A,*1/*4

One normal allele
+ one no function
allele

Intermediate
metaboliser

Start with reduced
starting does
(30-80% of normal dose)

*2/*8

One uncertain
function allele
+ one no function
allele

Possible intermediate
metaboliser

As above

*3A/*3A, *2/*3A

Two no function
alleles

Poor metaboliser

Consider alternative
treatment for nonmalignant conditions.
For malignant conditions,
consider drastically
reduced doses (10% of
dose for 3 days/week)
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Pharmacogenomic-guided testing in
primary care
Pharmacogenomic (PGx) testing provides a scientific basis for individual prescribing,
and the use of PGx testing to guide treatment choice and dosage is reasonably well
established in specialist practice. However, there is now good evidence for the use of
PGx-guided prescribing in general practice.
How it works in a mental health setting
The clinical setting of psychiatric disorders
shows a strong potential to disproportionately
benefit from the adoption of PGx-guided
prescribing. Perhaps one of the more important
reasons for this is the relatively high rate of
poor clinical outcomes for patients under
standard care. For example, only 35% to 45%
of patients with major depressive disorder
return to premorbid levels of function after
6–8 weeks of treatment, and ~ 50% do not
respond sufficiently to their first antidepressant
drug, no matter which medication is originally
prescribed. So, there is clearly room for
genomic data to inform current clinical
practice.

A large variety of genes have been identified as
important players in PGx. The most clinically
useful and best studied in the mental health
setting are CYP2D6 and CYP2C19, members
of the cytochrome P450 superfamily. CYP2D6
and CYP2C19 participate in metabolising most
antidepressants commonly prescribed in general
practice, as well as many other medications
(see Table 2).

Patients with CPY2D6 and CYP2C19 genotypes that indicate an ultra rapid
metaboliser phenotype may have reduced drug exposure when given a
pharmacologically active drug. This results in significantly reduced efficacy
with most antidepressants. These patients may require higher than usually
recommended doses for these medications. The converse is true for poor
metabolisers.

Multiple studies and randomised controlled trials have now demonstrated that results of
pharmacogenomic-informed prescribing for variants in CYP2D6 and CYP2C19 can better predict
response to medication, guide treatment, and improve outcomes such as time to remission of
symptoms for patients with major depressive disorder or anxiety disorders, including when managed
in the community. There is also increasing awareness among GPs of the utility of PGx-informed
prescribing when treating mental health disorders.
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CYP2D6 and CYP2C19 are also responsible for the metabolism of many other medications
commonly utilised in general practice, with examples given in Table 2.

Table 2: Medications and drug categories commonly encountered in
general practice which are metabolised by CYP2D6 and CYP2C19
CYP2D6
Antidepressants

Antispychotics

Antiemetics

Opioid analgesics

Other

Amitriptyline

Chlorpromazine

Metoclopramide

Codeine

Flecainide

Doxepin

Haloperidol

Ondansetron

Oxycodone

Tamoxifen

Fluoxetine

Risperidone

Tropisetron

Tramadol

Imipramine

Aripiprazole

Mianserin

Brexpiprazole

Nortriptyline
Paroxetine
Venlafaxine
Vortioxetine

CYP2C19
Antidepressants

Proton pump
inhibitors

Other

Amitriptyline

Omeprazole

Clopidogrel

Citalopram

Pantoprazole

Diazepam

Clomipramine

Esomeprazole

Dothiepin

Lansoprazole

Doxepin

Rabeprazole

Escitalopram
Moclobemide
Sertraline
Imipramine

Finally, the use of PGx and genomic information during prescribing has been found to have
other important ancillary benefits in addition to increasing medication effectiveness. These include
decreasing medication cost and odyssey, improved doctor-patient communication, improved patient
medication recall, psychological reassurance, as well as improved medication compliance.
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Genetic Testing
Key points for GPs
•
		
		
		
		
		
		

Most patients with HFE-HH, if diagnosed
early and managed well, can go on to
have a relatively normal and healthy life.
Serum ferritin, transferrin saturation
and LFTs must be performed to establish
the degree of iron overload and potential
liver damage.

•
		
		
		
		

Current NIPT tests are capable of 		
accurate detection of chromosome 		
aneuploidies (abnormal number		
of chromosomes) from 10 weeks
gestation onwards.

•
		
		
		
		
		

TPMT genotyping is an example of
a pharmacogenomic test that can provide
important information about the likely
effectiveness or risk of a purine drug,
allowing the prescriber to adjust the
dosage or drug category.

•
		
		
		

CYP2D6 and CYP2C19 genotypes 		
are responsible for the metabolism of
many medications commonly used in
general practice.

•
		
		
		
		

Pharmacogenomic-informed prescribing
for CYP2D6 and CYP2C19 can predict
response to medication, guide treatment,
and improve outcomes in the mental
health setting.
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