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Clinical cancer genetics

OVERVIEW

Judy Kirk' and Graeme Suthers?

1 Familial Cancer Service, Westmead Hospital, Westmead, NSW.
2 Familial Cancer Unit, Women's & Children’s Hospital, North Adelaide, South Australia.

Email: graeme.suthers@cywhs.sa.gov.au and judy_kirk@wmi.usyd.edu.au

A new diagnosis of cancer has been made and - after the
initial questions about staging and treatment have been
tackled - the patient often asks “Does this mean my
relatives are at increased risk of cancer?” The answer
depends on a number of features: the specific type of
cancer, the age at cancer diagnosis and the presence
or absence of the same (or associated) cancers in other
family members. This assessment can usually be left
until treatment is well underway, but sometimes the
diagnosis of a genetic susceptibility to cancer can have
an immediate impact on the treatment options that can
be offered.

The family history can be important for the care of
both the patient and family at large and so the taking
of a clear family history is not an option - it is an
essential part of the care provided by every healthcare
professional. When there is uncertainty about the
significance of a family history of cancer, this is best
addressed by referral to a familial cancer service.
Familial cancer clinics are now an important component
of contemporary multidisciplinary cancer care.

£~

——

This issue of Cancer Forum provides an overview of
the way in which familial cancer services operate.
A general introduction to cancer susceptibility and
genetic testing is provided by Judy Kirk, while Graeme
Suthers tackles some of the complex issues around
genetic testing and information management. The
most commonly referred histories are those involving
breast/ovarian cancer and bowel cancer, highlighted in
articles written by Kathryn Field with Kelly-Anne Phillips
and Barbara Leggett (respectively); management of the
high-risk individual is addressed in detail. Paediatric
malignancies may be involved in a variety of cancer
predisposition syndromes, reviewed by Michael Field.
Finally, advances in two relatively new areas (hereditary
diffuse gastric cancer, discussed by Georgina Fenton)
and familial haematological malignancy (discussed by
Catherine Carmichael and Hamish Scott) highlight that
the field of clinical cancer genetics is expanding.
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THE ROLE OF FAMILIAL CANCER SERVICES

Judy Kirk -+ Familial Cancer Service, Westmead Hospital, Westmead, NSW - Email: judy_kirk@wmi.usyd.edu.au

Abstract

There is now an improved ability to detect people at high-risk of cancer through analysis of their family history and genetic
testing. Advances in cancer screening, cancer surveillance and cancer prevention have accompanied this. It is important
to identify individuals at high cancer risk so that these advances can be applied in their management. Equally important,
is the identification of those not at high-risk, so that they are spared unnecessary cancer screening and concern. Risk
assessment and genetic testing is available in Australia through familial cancer services. This article introduces the

Cancer is a genetic disease

Cancer is a genetic disease, associated with alterations
(mutations) in genes that normally act to control cell
growth, proliferation and DNA repair. These genetic
mutations (genetic “hits”) usually occur in somatic
(tissue) cells over the course of a lifetime. In this way,
cancer is usually due to a series of acquired mutations in
genes that control cell growth, eventually allowing cells
with these faults to grow in an uncontrolled fashion.
Up to 95% of all cancers are caused by these somatic
mutations in cancer-associated genes. Because they
occur in somatic cells, they are not inherited.

However, some rare families have an inherited mutation
in one of these same genes. In these families, the “first
hit” is inherited either in the egg or the sperm (this is
known as a germline mutation). It affects all cells of the
body. People who inherit a germline mutation in a cancer-
associated gene are at increased risk of developing
cancer. The pattern of cancer seen in such a family will
depend on the specific gene involved and sometimes on
the type and location of mutation in that gene.

There have been considerable advances in the area
of cancer genetics over the last 15 years, with the
identification and characterisation of genes in which
germline mutations predispose to a high risk of cancer.
These scientific advances in understanding the genetic
predisposition have been translated into clinical practice
as genetic testing for families with cancer predisposition
has become available. This has been achieved by the
development of familial cancer services throughout
major centres in Australia, often within public-sector
comprehensive cancer centres. Such services are
staffed by clinical geneticists and/or oncologists with
expertise in cancer genetics, supported by trained
genetic counsellors and a molecular genetics laboratory.
The role of the familial cancer service is to identify
individuals at high genetic risk of cancer so that
appropriate intervention strategies can be implemented
for early detection or prevention, with the ultimate aim
being to reduce the impact of cancer for the individual
and their family.

Genetic predisposition to cancer

Family history has long been recognised as an important
risk factor for cancer. The taking of a good family
history is more important than ever.' National guidelines
can assist health professionals to estimate the risk
of cancer based on family history and to determine
whether referral to a familial cancer service might be
appropriate.** In general, family histories of cancer that
suggest genetic susceptibility include those with either
three or more relatives on the same side of the family
with the same (or related) cancer, or two affected
individuals with the same (or related) cancer where
there is an additional “high risk feature”, such as earlier
than average age at diagnosis or the presence of more
than one primary cancer in a family member.

The role of the familial cancer service

A familial cancer service can be expected to construct
a full three-generation pedigree on both sides of
the family. Importantly, family history is often poorly
reported and verification of the described family history
is necessary. Gynaecological malignancy is commonly
misreported and confirmation that the family account
of ovarian cancer was actually a cervical intra-epithelial
neoplasia, or that a reported breast cancer was simply a
fibroadenoma, can dramatically change the assessment
of familial risk. Verification of family history involves
the genetic counsellor obtaining consent from family
members to enable access to pathology reports and
medical records.

At the clinic visit, an assessment of cancer risk may be
made on the basis of family history, but this is generally
a broad categorisation, placing an individual at “average
risk”, “moderate risk” or “potentially high risk”, based
on national guidelines. For those at potentially high-
risk, due to a stronger family history, genetic testing
(discussed below in further detail), can assist in further
clarifying risk within some families. An offer of genetic
testing can only be made if there are known genes in
which heritable mutations cause an increased risk of
cancer.
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The well-known cancer susceptibility syndromes are
reviewed in Nagy and Garber for general reference
and further information is available through Australian
websites.”” It should be recognised that genetic testing
is now a mandatory part of the clinical management
of Multiple Endocrine Neoplasia (Types 1 and 2),
retinoblastoma, Familial Adenomatous Polyposis (FAP)
and Von-Hippel Lindau syndrome, where the genes
tested are MEN1, RET, Rb, APC and VHL, respectively.
In these conditions there is a clear role for screening and
prevention in reducing the impact of cancer for those at
proven high-risk.”

For families with a strong family history of breast and
ovarian cancer, clinical testing usually involves the genes
BRCA1 and BRCA2. Breast and thyroid malignancies
with intestinal hamartomas (consistent with Cowden
syndrome) may be investigated by testing the PTEN
gene. A family history of bowel cancer, especially early
onset (aged <50 years) and other cancers, including
uterus, ovary, stomach, small bowel, renal pelvis or
ureter, suggests the involvement of the mismatch
repair genes in the syndrome of Hereditary Non-
Polyposis Colon Cancer (HNPCC). Genetic testing for
other polyposis syndromes, including Juvenile Polyposis
and Peutz-Jeghers syndrome is now possible. On the
other hand, genetic testing for familial melanoma is
usually only available when a family CDKN2A mutation
has already been identified as a result of participation
in a research study. Furthermore, despite intensive
research, no genes have yet been firmly identified
in which mutations cause a hereditary tendency to
prostate cancer. Finally, for some syndromes, such
as the Li-Fraumeni syndrome, where there is a high
risk of varied cancers (including paediatric sarcoma,
haematological malignancy, early onset breast cancer,
adrenal cancer, brain tumour and lung cancer), genetic
testing for p53 may identify a causative mutation.
However, for individuals with the Li-Fraumeni syndrome,
there is currently little to offer in the way of proven
screening or prevention, and so genetic testing needs
to be considered with care.

Families with a significant family history of cancer can be
enrolled in studies involved in genetic research. Australian
research efforts, such as the Kathleen Cuningham
Consortium for Research on Familial Breast Cancer
(kConFab), the Australian Breast Cancer Family Study
(ABCFS) and Australasian Colorectal Cancer Family Study
(ACCFS) will continue to make significant contributions to
understanding the familial aspects of cancer.

Genetic testing for cancer susceptibility

In April 2003, the American Society of Clinical Oncology
(ASCO) published an updated policy statement
concerning genetic testing for cancer susceptibility:
“ASCO recommends that genetic testing be offered
when:

1) The individual has personal or family history features

suggestive of a genetic cancer susceptibility
condition;

2) The test can be adequately interpreted; and

3) The results will aid in diagnosis or influence the
medical or surgical management of the patient or
family members at hereditary risk of cancer. ASCO
recommends that genetic testing only be done in
the setting of pre and post-test counselling, which
should include discussion of possible risks and
benefits of cancer early detection and prevention
modalities.” ®

It is recommended that prior to consideration of cancer
genetic testing, key components of the consultation
should include medical and family history, cancer risk
assessment and discussion of the limitations, as well as
possible risks (eg. impact on future applications for life/
disability insurance) and benefits of molecular genetic
testing for the person and their family members.
Informed consent must be obtained.’

Genetic testing is now available through familial cancer
services for some of the common hereditary cancer
syndromes listed above. Whatever the gene to be
tested, the general principles remain the same. The
first step in genetic testing is usually to take blood from
one of the family members affected by the condition,
although sometimes an unaffected obligate carrier may
be tested instead. This must be done with fully-informed
consent. Counselling before testing must cover the
potential harms, benefits and limitations of such testing.
The laboratory then searches the relevant gene(s) to
determine whether a causative gene mutation can be
found.

This first phase, the “mutation search”, may take some
months. A causative gene mutation cannot be found in
every family, as mutations may be missed, or mutations
may be present in other genes that are not yet identified.
Importantly, this means that if the family history is
strong and the genetic test (mutation search) fails to
identify a gene mutation in an affected family member,
that test result should be considered “inconclusive” and
all relatives remain at potentially high-risk. However, if
a causative mutation is identified in the relevant gene
(eg. in BRCAT or BRCA2 for a breast cancer family, or
in a mismatch repair gene for an HNPCC family), then
other at-risk family members (males and females) can
be offered “predictive” genetic testing. Predictive tests
are relatively cheap and quick, with results generally
available in four to six weeks. Once the family gene
mutation has been identified in the mutation search
phase, others in the family can simply be tested for the
presence or absence of that same gene fault.

The risk of cancer associated with the gene mutation
and the approach to that risk requires discussion before
testing. Those who are found not to carry the family
mutation (at predictive testing), should be considered to
be at average risk of cancer. They and their offspring can
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be spared unnecessary cancer screening and concern.

Predictive genetic testing for cancer risk is usually
restricted to adults unless there is a case for medical
intervention in childhood, such as in families with
Familial Adenomatous Polyposis, where screening
starts in the teenage years. Pre-natal testing and pre-
implantation genetic diagnosis is feasible once the
family mutation is identified, but is not often considered
in cancer families.

Conclusion

Genetic susceptibility to cancer is rare. It can generally
be identified by taking a good family history. If genetic
testing identifies a causative gene mutation, then
predictive testing can identify those family members
who do not carry the mutation and are “not at risk”. It
also identifies those who are “at high risk”. The latter can
take the opportunity to have intensive cancer screening
including newer modalities, such as breast magnetic
resonance imaging. They may wish to consider risk-
reducing surgery, particularly in circumstances where
this has a proven role.

Restorative procto-colectomy is the standard care for
preventing bowel cancer in FAP, as the risk of cancer
without such intervention is 100%. In carriers of a
BRCA1 or BRCA2 gene mutation, risk-reducing salpingo-
oophorectomy not only dramatically reduces the risk of
ovarian cancer, but if done before menopause, halves
the risk of breast cancer. Prophylactic mastectomy (with
or without reconstruction) also significantly reduces

the risk of breast cancer. For children with an inherited
RET gene mutation, prophylactic thyroidectomy
prevents medullary thyroid cancer. In some cases
chemoprevention can be used to reduce the risk of
cancer. Tamoxifen may be considered as a risk-reducing
option for high-risk women, although there are side-
effects and evidence is not yet available regarding the
impact of preventative tamoxifen on mortality from
breast cancer.

Finally, for those at high genetic risk who do develop
cancer, targeted therapies are being designed for
tumours, depending on their molecular basis. As an
example, BRCA1/2 deficient breast/ovarian cancers
seem to rely on poly (ADP-ribose) polymerase (PARP) in
response to DNA damage and specific inhibition. Using
PARP inhibitors is now being studied in a Phase Il trial
of recurrent breast/ovarian cancers in BRCA1/2 carriers.
Such developments will no doubt continue.

The improved ability to detect people at high-risk
through analysis of their family history and genetic
testing has been accompanied by advances in cancer
screening, cancer surveillance and cancer prevention. It
is important to identify these individuals so that these
advances can be applied in their management, offering
hope of making an impact on the national goals of
cancer control.
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Abstract

The diagnosis of a familial predisposition to develop cancer carries major implications for both the affected person

and their well but worried relatives. But familial cancer can almost never be diagnosed on the basis of one person’s

experience; it is the shared cancer experience among relatives that enables the diagnosis to be made. Once this

diagnosis has been made, it carries medical implications for the unaffected members of the family. Obtaining

information about affected members of the extended family and sharing the collated information with unaffected

relatives are major functions of familial cancer services. Managing this information flow raises a number of ethical, legal

and practical issues, however Australia is fortunate in generally having a workable framework of legislation that permits

this information flow. Managing information flow across a large family requires the resources of a familial cancer clinic,

When a patient is seen by a healthcare professional, it is
usually a one-on-one relationship. There are, of course,
social factors that may be crucial in the management
of the case and relatives or friends may attend the

appointment. However, those factors revolve around
the needs and capabilities of the patient in the room
and the patient can readily provide consent for access
to records and contact with other doctors.
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Familial cancer is different. It is rarely possible to make
a diagnosis of familial cancer solely on the basis of
the patient’s experience. The cancers that occur in
most familial cancer syndromes are no different to the
cancers found in other settings. For this reason, the
key to the diagnosis of familial cancer is the pattern of
cancer diagnoses seen among affected relatives. These
relatives are usually not present in the clinic and may
have died. This immediately raises the question as to
how this information should be obtained, recorded and
validated. Is the patient allowed to pass on information
about these relatives? Can this information be recorded?
Can this information be used when counselling another
member of the family?

Once a diagnosis of familial cancer has been made using
information about affected relatives, it carries significant
implications for unaffected members of the family.
They may be at increased risk of developing cancer
and targeted prevention or surveillance programs may
be warranted. These relatives are usually not clients of
the clinic and may not even know of the family’s history
of cancer. Should at-risk relatives be advised of this
medical information? Who should notify them? Would
such a notification represent a breach of the privacy of
the patient or of the relative being notified?

The management of familial cancer requires care in
the collection of information from and dissemination of
information to relatives. The legal and ethical framework
for this information management is becoming clearer
and it usually does not constitute a barrier to the
effective care of the family as a whole. However, it is
essential that all professionals involved in cancer care
are aware of the benefits and potential risks of using
family information.

Gathering information from relatives

It is accepted that the collection of private medical
information about relatives is necessary for good clinical
practice and that the information constitutes part of
the medical history that the patient provides to the
professional. In fact, it may be medico-legally negligent
if a professional fails to solicit, document and correctly
interpret this information. However, it has taken a long
time to have this practice accepted under law. Under
the Federal Privacy Act (1988), the collection of private
information about potentially identifiable relatives was
prohibited unless they provided consent. But obtaining
such consent would be both unworkable and could
represent a breach of the patient’s privacy. After a
successful appeal by ACHA Health (a private healthcare
provider in South Australia) and the Human Genetics
Society of Australia, a specific provision (Public Interest
Determination 9A) was made in 2003, which allows
healthcare providers to collect and record information
about relatives from the patient without the relatives’
consent, provided this information is relevant for the
care of the patient.! (The federal legislation only applies
to private sector organisations; most public sector
health facilities fall under state privacy laws which, in
general, reflect the federal law).

This provision is sufficient to record family information
provided by the patient, including identifying information
such as name and date of birth, to reduce the risk of
errors and facilitate confirmation of reported diagnoses
(see below). However, this provision does not allow
the professional to release this information to another
relative or health provider. At this point, the professional
only has legal sanction to collect and use this information
for the management of the patient’s care.

It is not uncommon for reported diagnoses of cancer to
be incorrect. This does not reflect a lack of care on the
part of the patient; it is simply that medical information is
not always reliably shared within families. Studies have
shown that up to 20% of the reported cancer diagnoses
in relatives are inaccurate.? The risk assessment provided
by the professional to a patient is critically dependent
on the accuracy of the reported family history and so
it is necessary that cancer diagnoses be confirmed. In
some states there is provision under State legislation
for approved professionals to obtain details of cancer
diagnoses directly from the State’s Cancer Registry,
without having consent from the relative. In other states
this is not allowed and the relative must be contacted
and asked to provide written consent.

A relative cannot be contacted directly by the professional
regarding the release of this information, as such an
intrusion is not sanctioned under the federal privacy
legislation. Relatives need to be approached through
the patient and asked to provide written consent for the
professional to access the relative’s medical records. The
patient may indicate that they do not want to approach
certain relatives and consequently the matter cannot be
taken further. In the case of deceased relatives, which
is @ common issue, it is necessary to seek consent
from the executor of the deceased relative’s estate
or from the next of kin. Such consent is sufficient to
release medical information in most jurisdictions, but
not in Queensland; in that state, the release of medical
information about a deceased person is viewed under
State law as a freedom of information request and is
subject to the constraints of that legislation.

In our experience, 90% of the requests for access that
are made are granted. It is rare for us to be advised that
a request has been explicitly denied (<1% of requests)
and we do not know why the remaining relatives do
not provide consent. However, it is important to note
that there is no right under federal law for a patient to
gain access to a relative’s records. In its exhaustive
and highly commended review of genetics and privacy,
the Australian Law Reform Commission proposed that
a person be able to access appropriate elements of a
close relative’s medical record without consent if there
was a clear medical benefit from doing so.* However,
the Federal Government rejected this proposal. This is
an important point because, as detailed below, there
is now provision under federal law for a healthcare
professional to disclose information to relatives without
consent. But there is no provision to obtain information
from relatives without consent.

The process of obtaining this consent must be
documented, with records of who was approached and
retention of a hard copy of the signed consent form.
This creates significant data management issues for
busy clinical services. However, once consent has been
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obtained, the professional can contact other healthcare
providers such as hospitals, clinicians, pathology and
laboratories to obtain the information pertinent to
the primary purpose of the patient’s consultation ie.
assessment of the risk of familial cancer. It is not
appropriate to obtain other information that does not
relate to this primary purpose.

Disseminating information to relatives

Once a diagnosis of familial cancer has been made, and
the appropriate risk minimisation strategy formulated,
this is very significant information for the unaffected
relatives, some of whom may still be children. This raises
the issue of whether medical information should be
provided to relatives, especially if they are not clients of
the professional involved. This matter is usually discussed
in the context of a familial mutation being identified in
the family and of the process for notifying relatives that
genetic testing is available to clarify their risk of cancer.
However, the same principles apply to simply informing
relatives that there is a risk of familial cancer, even if the
causative mutation has not been found.

In the first instance, the professional must advise the
patient that the diagnosis of familial cancer carries
implications for relatives and they should seek medical
advice. The fact that this advice has been given must be
documented, as there is already clear evidence in case
law that failure to provide such advice would be deemed
negligent.* Many clinical services also provide patients
with multiple copies of a form letter, which provides the
key information and contact details for the service, and
recommend that these be distributed to relatives.

Leaving the notification of relatives in the hands of
the patient has a number of advantages. It is cheap,
the privacy of the family is assured and the patient
can plan the best approach to a relative, including the
possibility that the relative not be advised. However,
this approach also raises problems. Firstly, it is not very
effective. In our experience, only 20% of the eligible
relatives actually seek information or genetic testing
if risk notification is left in the hands of the patient.
Secondly, many patients find the responsibility of
informing relatives burdensome. This may be because
they have significant issues of their own to address,
such as their own illness, or because they do not have
a good relationship with some relatives.

We have trialled writing to all eligible relatives, with the
contact details being provided by the patient’ In this
way, the patient retains control over the communication
to relatives, but is spared the responsibility for the
communication. This process has resulted in a doubling
of the proportion of eligible relatives seeking advice.
The letter sent to relatives must be carefully worded
to provide sufficient information, while not breaching
the privacy of the patient. We do not chase up non-
responders because each person has a right not to
pursue further information. In the context of a familial
cancer service, in which family information has already
been collected to assist in making the diagnosis, the
additional steps necessary to advise relatives in this way
require few resources. However, this approach would
be much more demanding in other clinical settings.

The success of this approach begs the question as to
why it is not more successful. Why do 60% of eligible
relatives who have been informed of the cancer risk
and the availability of useful interventions, not seek
further information to protect their own health? It is
likely that there are issues of fear and complacency,
but the short answer is that we do not know. We have
found that men in families at risk of breast/ovarian
cancer are less likely to respond, even though we do not
specify the cancer risk in our letters. Clearly the ‘bush
radio’ is working and these men are hearing about the
specifics of the cancer risk from other family members.
The ‘bush radio’ mechanism may also account for our
observation that relatives living close to the patient are
more likely to respond. These observations suggest
that a combination of formal notification and informal
encouragement may be the most effective strategy for
spreading information. But we do not know why some
people choose not to act on that information.

These processes for informing relatives are carried
out with the patient’s consent. But what if the patient
declines to provide this information to relatives? To
take an extreme but actual example: “I hate my brother
and do not want to tell him anything that might save
his life”. This would be very confronting for any health
professional and it is fortunate that such responses
are rare. Sometimes the rationale is different, however
the outcome is the same: “My brother would be too
frightened by this information to have a colonoscopy,
and so | won't tell him”. Prevention is better than cure
and genetic counsellors usually discuss the familial
implications of a diagnosis or testing as part of the
initial consultation. In effect, a genetic test is done on
the family as a whole (albeit using one person’s DNA)
for the benefit of the family as a whole. Genes are not
owned by an individual but are shared within a family,
with relatives the patient may not even like.” The familial
implications of a test result are an explicit component
of the formal consent process that must be completed
prior to genetic testing. In practice, the patient is an
autonomous individual and genetic testing could not be
withheld on the basis that the patient would not share
an important result with relatives. However, familial
cancer clinics seek to address and resolve this issue
before testing is initiated.

Nonetheless, there are situations in which a patient
refuses to share medically significant information
with at-risk relatives. In its report, the Australian Law
Reform Commission recommended that the Federal
Privacy Act be amended to allow health professionals to
breach a patient’s privacy and notify relatives without
their consent in certain circumstances. The necessary
amendment to the Privacy Act was passed late last
year. The Human Genetics Advisory Committee of
the National Health and Medical Research Council is
developing guidelines for the implementation of this
amendment and they will be ready in 2008. In brief, a
health professional will be permitted to notify a relative
of the patient of significant medical information if this is
necessary to reduce the risk of serious medical harm to
the relative. It is important to note that this privilege is
permissive not mandatory ie. clinicians are not obliged
to notify relatives. In addition, the privilege should
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only be exercised when extensive attempts to obtain
consent to notify have failed.

Conclusion

The genes that we share with our relatives are cords
that bind us, for good and ill, to the medical fortunes
of our extended families. Recognising the significance
of these ties can pave the way for the effective
management of a familial risk of cancer. The key to
such an approach is information sharing - knowing what
diseases the family as a whole has had and sharing this
collated information with unaffected family members
who have the most to gain from preventative and
surveillance strategies. Most families are keen to share
this information and Australia now has a framework for
collecting and utilising this information effectively. It
is now up to all healthcare professionals to play their
part and to seek, document and use family history
information in their daily practice.
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Abstract

Women with a strong family history of breast and/or ovarian cancer have a greatly increased risk for the development
of these diseases. The key question for these women is what they can do to ameliorate their cancer risk. Fortunately,
there are now several interventions which clearly reduce breast and ovarian cancer risk in high-risk women.
These include risk-reducing bilateral mastectomy and salpingo ophorectomy and chemoprevention with tamoxifen
or raloxifene. For those women who do not undergo risk-reducing bilateral mastectomy, screening is generally
recommended in order to try and detect breast cancers at an early stage. Breast magnetic resonance imaging has an
emerging role in such screening programs. Cancer screening does not reduce cancer risk and its impact on reduction
of mortality in this group is uncertain. Women at high risk should be fully informed of their surgical, chemopreventive
and screening options. A risk management plan should be tailored to each woman, particularly taking into account the
level of her short-term (rather than life-time) risk, her lifestyle plans (such as child-bearing), competing risks (particularly
in women with a prior cancer) and her personal preferences. The risk management plan should be reviewed regularly

Who is at high risk for breast/ovarian cancer?

Breast cancer and ovarian cancer are diagnosed in
about 12,000 and 1100 Australian women per year
respectively.! Between 1% and 5% of all breast cancer
cases and around 10% of invasive epithelial ovarian
cancer cases are due to the inheritance of mutations in
known cancer predisposition genes.>*

In less than 1% of the population, the number of blood
relatives affected with cancer, their ages at diagnosis
and the types of cancers suggest a high likelihood of a
dominantly-inherited mutation in a breast cancer and/or

ovarian cancer-predisposition gene (see Table 1).

Referral of such women to a family cancer centre for
formal risk assessment, consideration of genetic testing
and discussion of management options is considered by
many to be a standard of care.

BRCA1 and BRCA2 are the genes most commonly
associated with breast and ovarian cancer predisposition.
Carriers of mutations in these genes have a significantly
elevated lifetime risk of breast cancer or ovarian
cancer.** Several other genes are also associated with
an increased risk of breast and/or ovarian malignancy

CancerForum Volume 31 Number 3 November 2007

141



Table 1: Risk of breast or ovarian cancer based on family history alone''"

Cancer type

Features

Lifetime risk

% of population

Breast cancer

Two 1st or 2nd degree relatives (same side of family) with
breast or ovarian cancer.
plus one or more of:
additional relative(s) with breast or ovarian cancer
onset of breast cancer before the age of 40
bilateral breast cancer
breast and ovarian cancer in the same woman
Ashkenazi Jewish ancestry
breast cancer in a male relative
or

One 1st or 2nd degree relative diagnosed with breast cancer
<45yo, plus another 1st or 2nd degree relative (same side of
family) with sarcoma (bone or soft tissue) <45yo

25-50%*% <1%

Ovarian cancer

One 1st degree relative diagnosed with epithelial ovarian
cancer in a family of Ashkenazi Jewish ancestry.

Two 1st or 2nd degree relatives (same side of the family)
diagnosed with ovarian cancer, especially if >1 of the following:
additional relative(s) with breast or ovarian cancer
onset of breast cancer before the age of 40
bilateral breast cancer
breast and ovarian cancer in the same woman
breast cancer in a male relative

Three or more 1st or 2nd degree relatives on the same side

of the family diagnosed with any cancers associated with HNPCC*:
colorectal cancer (especially if <50y)
endometrial cancer

3-30%** <1%

Table 2: High risk genes, frequency and increased risks of breast and ovarian cancer's"

Gene Syndrome Breast cancer Ovarian cancer Associated cancers
riskby age 70yo risk by age 70yo
BRCA1 Hereditary breast/ 39-87% 20-40% Pancreas
ovarian cancer
BRCA2 Hereditary breast/ 26-91% 10-20% Prostate
ovarian cancer Pancreas
p53 Li-Fraumeni Syndrome >90% n/a Soft tissue sarcoma
Osteosarcoma
Brain tumours
Adrenocortical carcinoma
Leukaemia
Colon
PTEN Cowden Syndrome 25-50% ~1% Thyroid
Endometrial
Genitourinary
STK11/LKB1 Peutz-Jeghers Syndrome 45-54% (usually sex cord Small intestine
tumors rather than Colorectal
epithelial ovarian Uterine
cancer) Testicular
CDH1 Hereditary diffuse gastric 39% n/a Diffuse gastric cancer
carcinoma (lobular)
MLH1, MSH2, Hereditary non-polyposis n/a 10% Small intestine
MSH6, PMS1, colorectal cancer/ Colorectal
PMS2 Lynch syndrome Stomach
(mismatch repair) Uterus
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Ureter/renal pelvis
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Figure 1. Breast cancer: risk reduction and surveillance strategies
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(see Table 2). Families meeting high risk criteria (see Table 1), but in
whom a mutation cannot be found, are still considered
at high risk because genetic testing is not 100%
sensitive, and because there may be a mutation in an as

yet unidentified cancer predisposition gene.

What are the risk management options for
high-risk women?

Management of women with a strong family history
and/or a documented gene mutation is complex and
dynamic. Optimal risk management is likely to be in the
context of a multidisciplinary team. Multidisciplinary risk
management clinics have been set up at several family
cancer centres within Australia.® Figures 1 and 2 outline
the options with respect to risk management strategies
currently available.

Figure 2. Ovarian cancer: risk reduction and surveillance strategies
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Risk-reducing surgery

An individual’s level of risk should be fully clarified
prior to undertaking risk-reducing surgery. If possible,
genetic testing of a family member with cancer should
occur. If a mutation is found, the woman contemplating
surgery should be tested for that mutation. In that way,
unnecessary surgery in women who have not inherited
the cancer causing family mutation can be avoided.

Bilateral risk-reducing mastectomy

Bilateral risk-reducing mastectomy (BRRM) is the most
effective method of breast cancer prevention, reducing
risk by about 90%. It is usually done in conjunction
with immediate reconstruction. Total mastectomy
is likely to reduce risk more than subcutaneous
mastectomy, however the latter is a reasonable option
for women wishing to retain the native nipple and areola
complex," provided they are informed that the benefits
may be slightly less. BRRM carries the risk of surgical
complications;’? additionally cosmetic complications
following reconstruction may occur.”

In descriptive studies women who have undergone BRRM
report lessened concern about cancer and decreased
perceived cancer risk,'*'® but also dissatisfaction with
reconstruction,” feelings of femininity and sexual
relationships.'*'®* Because BRRM can have adverse
psychological and body image consequences, it should
not be performed without prior counselling.

In Australia, uptake rates for BRRM have been relatively
low by international standards.” In high-risk women
attending family cancer clinics, (90% of whom were not
known mutation carriers), the uptake rate over a three-
year follow-up period was 4.4%. Those who underwent
the procedure were more likely to have more first degree
relatives with breast cancer than those who did not.”
In another study of mutation carriers in the kConFab
research cohort® the uptake rate of BRRM was 11%,
three years after learning their mutation result.'

Risk-reducing bilateral salpingo-oophorectomy

Risk-reducing bilateral salpingo-oophorectomy (RRBSO)
reduces ovarian and fallopian tube cancer risk by about
90% and, for premenopausal women, also reduces
breast cancer risk by about 50% in BRCA1 and BRCA2
mutation carriers.?” RRBSO has recently been shown
to reduce overall and cancer specific mortality.? It is
an appropriate option for women who carry a BRCA1
or BRCA2 mutation, or who have a family history of
breast and epithelial ovarian cancer (but is not generally
recommended for women with a breast cancer-only
family history). In Australia, uptake rates for RRBSO
have been higher than for BRRM, with approximately
30% of mutation carriers undergoing RRBSO within
three years of learning of their mutation result.?

RRBSO includes removal of the fallopian tube because
of the increased risk of fallopian tube cancer in these
women. Concurrent hysterectomy increases the

complexity of the surgery, but is sometimes advocated
to avoid the risk of endometrial cancer if progesterone-
containing HRT or tamoxifen is planned for subsequent
use. Primary peritoneal carcinoma may occur despite
RRBSO,28 with the rates of such malignancies varying
from 2-11%.%

For pre-menopausal women, RRBSO causes abrupt
menopause. Observational studies suggest that the use
of hormone replacement therapy (HRT), after RRBSO in
BRCA1/2 mutation carriers, does not offset the breast
cancer risk reduction conferred by the procedure®
Results from the US based Women's Health Initiative
Study suggest caution in advising prolonged post-
menopausal HRT in women .32

Optimal timing of RRBSO is controversial and needs to
be individualised. Clearly it should not be undertaken
until childbearing is completed. Ovarian cancer risk does
not generally start to increase above that of the general
population until about age 40 (BRCA1 carriers) or 50
(BRCA2 carriers). Thus, if ovarian cancer risk reduction
is the major objective (eg. the patient is using other
strategies to decrease breast cancer risk), surgery can
be delayed until age 35-40 in BRCA1 carriers and age
45-50 in BRCA2 carriers. However, if reduction in breast
cancer risk is also an objective, earlier RRBSO may be
appropriate.

Tubal ligation

Tubal ligation has been associated with decreased risk
for ovarian cancer in observational studies.** One case
control study showed that tubal ligation reduced ovarian
cancer risk by about 60% in BRCAT1 carriers. A protective
effect was not seen in BRCA2 carriers, however was
not excluded.* In BRCA1/2 mutation carriers who
have completed childbearing, but who choose not to
undergo premenopausal RRBSO, tubal ligation should
be considered as an effective contraceptive means
which may also decrease ovarian cancer risk.

Chemoprevention
Breast cancer chemoprevention

Chemoprevention, with the selective oestrogen receptor
modulators (SERMs) tamoxifen or raloxifene, reduces
breast cancer risk by about 40%.7“ Tamoxifen is
the only evidence-based option for pre-menopausal
women; for post-menopausal women raloxifene is
also an option. These two agents have been compared
in a randomised trial and are equally efficacious in
preventing oestrogen receptor positive invasive breast
cancers, with tamoxifen superior for prevention of non-
invasive cancers.® Raloxifene is associated with fewer
gynaecological side-effects, thromboembolic events
and cataracts than tamoxifen. These agents probably
should not be used in women with previous history of
deep venous thrombosis, smokers, or those with other
uncontrolled cardiovascular risk factors.

SERMs have not been shown to reduce risk for
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oestrogen receptor negative breast cancer and this has
been used as an argument against using them in BRCA1
carriers, who usually develop ER negative tumours.®*
Indeed, a sub-analysis of mutation carriers in the largest
prevention trial suggested that the benefit of tamoxifen
might be limited to BRCA2 carriers, however the study
was under-powered and included fewer than 10 BRCA1
carriers.** Although BRCA1 associated breast cancers
are usually oestrogen receptor negative, initiation
of these tumours may well involve the oestrogen
pathway,”# which is consistent with the observation
that interventions reducing oestrogen exposure in
these women (eg. pre-menopausal oophorectomy),
appear to reduce risk. For this reason, tamoxifen
chemoprevention may be considered a reasonable option,
although enrolment in trials of novel chemoprevention
agents such as retinoids should be considered.”

Aromatase inhibitors show promise as chemopreventive
agents, based on their ability to reduce contralateral
breast cancer risk in the adjuvant disease setting.*® A
clinical trial of anastrozole as chemoprevention (IBIS II)
is underway. Participation should be discussed with high
risk women, particularly those with a contraindication to
SERMs.

Ovarian cancer chemoprevention

While there are no randomised trials, observational
studies demonstrate a reduced risk of ovarian cancer
in the general population and in high risk individuals
who take the oral contraceptive pill.>**">* Most studies
suggest up to a 50% reduction in the risk of ovarian
cancer in BRCA1/2 carriers.®***** Oral contraceptive pill
use in this setting has been tempered by concern about
the effect on breast cancer risk (discussed below in the
‘lifestyle factors’ section). However, as ovarian cancer
carries a higher mortality rate than breast cancer, in pre-
menopausal women who choose not to undergo RRSO,
the oral contraceptive pill is a reasonable strategy to
reduce risk, while being mindful of the uncertainty
regarding impact on breast cancer risk. For women who
have undergone BRRM, but wish to postpone RRSO
until later, it is potentially a useful strategy as there is
no concern about the possible impact on breast cancer
risk.

Surveillance strategies

Surveillance strategies do not reduce cancer risk,
however are aimed at detecting malignancy at an early
stage when it may be amenable to curative treatment.
Evidence on the efficacy of intensive surveillance in high
risk women is limited.

Breast cancer screening/surveillance
Mammography

In the general population, mammographic screening has
been demonstrated to reduce breast cancer mortality
in women older than 50 years by 20-25%.7% The
efficacy of mammographic screening in younger, high

risk women remains controversial.® Anecdotal reports
document both success and failure of mammography to
detect breast cancer in carriers of BRCA1 mutations,*®
and the sensitivity of mammographic screening in
high-risk women over a variety of studies ranges from
50-91%.°

Some have suggested that annual mammography may
not be frequent enough in BRCA1 mutation carriers
because these cancers are usually high grade and may
develop between screens.®®** However, enthusiasm
for more frequent mammographic screening is limited,
partly by the question of whether ionising radiation
may induce cancers in mutation carriers, because
these individuals may have difficulty repairing DNA
damage caused by radiation.®® Studies have had
conflicting results. Two studies of BRCA1/2 carriers
found no increased risk of breast cancer associated with
mammography.®® However, a recent retrospective
cohort study of 1601 BRCA1/2 carriers demonstrated
an increased risk of breast cancer (HR1.54, p=0.007)
with any reported exposure to chest x-rays, especially
in younger women.

Currently, women at high risk are recommended to
undergo annual mammography, either from the age of
40 or five years earlier than the age at diagnosis of the
youngest breast cancer case in the family, whichever
is earlier. For women with proven gene mutations
mammographic screening is often considered in the
30s.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is an emerging
screening modality for high risk women because of
its high sensitivity.*7*’¢ The American Cancer Society
supports annual MRI screening for individuals with a
known BRCA mutation, individuals untested but with a
first-degree relative with a BRCA mutation and individuals
with an estimated lifetime breast cancer risk >20-25%.
The European National Institute for Health and Clinical
Excellence (NICE) guidelines recommend annual MRI in
similar circumstances and in those with TP53 mutations
a 10-year risk of >8% (30-39yo0), or a 10-year risk >12%
with dense breasts on mammography (40-49yo).”

The high sensitivity of MRI screening is offset to
some extent by its low specificity. This results in high
false-positive rates, which may result in anxiety and
unnecessary biopsy. There is no data on mortality benefits
and lead-time bias may be a factor. While further research
is needed, many Australian clinicians have begun to adopt
the practice of MRI surveillance in high-risk women.

Breast clinical and self-examination

Clinical breast examination (CBE) may be an important
adjunct in breast cancer screening in young, high risk
women, as it may detect mammographically silent
cancers, or may detect interval cancers between
mammographic screenings. In addition, CBE is a
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potentially useful modality when women are pregnant
or breast-feeding and other screening modalities are
contra-indicated. It is generally recommended that
CBE be carried out every six to 12 months in high
risk women. While there is no evidence of survival
benefits from breast self-examinations, women should
be encouraged to be aware of how their breasts look
and feel, and report any changes promptly.

Ovarian cancer screening/surveillance

Despite mounting evidence from observational studies
that it is of no benefit, ovarian screening is sometimes
considered for high risk women who have not undergone
RRBSO.”® Screening tests wusually consist of trans-
vaginal ultrasonography with serum CA125 levels.”®®
Women who choose ovarian screening rather than
RRBSO should be fully informed of the lack of evidence
for any benefit.

Lifestyle factors

Lifestyle and environmental factors may modify breast
cancer risk, although the effects are modest compared
with surgery or chemoprevention. Current evidence is
limited for several reasons. Most studies of modifiers of
cancer risk in high risk women have been retrospective,
prevalent case control designs, which have a high
likelihood of systematic biases, including recall and
survivorship bias. The few prospective studies are small
or cobbled together from multiple institutions, using
non-systematic and non-uniform follow-up strategies.
Non-random loss to follow-up is a major potential source
of bias in these studies. Additionally, most studies have
focused on mutation carriers rather than the much
larger population of women who have a strong family
history but lack an identified gene mutation.

Parity

Increasing parity and early age at first childbirth are
protective in the general population against breast cancer
development. While several studies have investigated
the effect of parity and age at first birth on breast cancer
risk in BRCA1 and BRCA2 mutation carriers, results have
been inconsistent.®>®” However, the advantage of early
childbearing for mutation carriers is that it allows earlier
use of other effective risk management strategies such
as risk reducing surgery and chemoprevention.

Breastfeeding

In the general population, a woman’s breast cancer
risk reduces by about 4% for every 12 months of
breastfeeding.® Several studies of mutation carriers
have shown a reduction in breast cancer risk associated
with breastfeeding.®*# The single study which did not
show any risk reduction was inadequately powered to
exclude benefit* Women who are at high risk should
breastfeed for as long as practical and preferably
beyond one year.

Oral contraceptive use

Use of the combined oral contraceptive pill reduces
ovarian cancer risk in the general population and in
BRCA1 and BRCA2 mutation carriers. Whether oral
contraceptive pill use affects breast cancer in high risk
individuals remains controversial. A meta-analysis of 54
studies showed that current oral contraceptive pill use
is associated with a 24% increase in breast cancer risk,
but the risks were similar for those with and without
a family history of breast cancer.® Two other studies
have not demonstrated a significant effect of oral
contraceptive pill use on breast cancer risk in women
with a family history.”®* Conversely, one study showed
a three-fold increase in breast cancer risk among
women who used the oral contraceptive pill and had a
first degree relative with breast cancer.”

In BRCA mutation carriers, two studies have shown
no increase in risk in BRCA1 carriers who used oral
contraceptive pills for at least one year® and one
showed an increased risk of about 20% in ever-users
of oral contraceptive pill.* Of these three studies, two
showed no effect of oral contraceptive pills on breast
cancer risk in BRCA2 mutations, however one showed
an increased risk for BRCA2 carriers after at least five
years of use. Thus, at this stage, there is no consistent
evidence to suggest that the oral contraceptive pill is
either safe or contra-indicated in women at high risk for
breast cancer.

Obesity

There is clear evidence in the general population that
obesity is associated with significantly increased breast
cancer risk.”*® Data on the effect of weight control on
breast cancer risk in mutation carriers is very limited,
however the published data does suggest that this may
be an important area of risk management.*'®

Alcohol consumption

Alcohol is clearly associated with breast cancer risk in
the general population, with risk increasing by about
9% per daily standard drink.”""* Few studies have
addressed the influence of alcohol in high risk women.
One study found a 2.4-fold increase in breast cancer
risk in daily drinkers with a strong family history of
breast cancer.' Conversely, the only published study
in mutation carriers showed no increased risk of breast
cancer associated with alcohol consumption in carriers
aged less than 50. Given the other adverse health
effects of excessive alcohol, it may be prudent to
recommend that high risk women drink no more than
one standard drink per day.

What about risk management in high-risk
women with cancer?

Women with a personal diagnosis of breast cancer may
be identified as belonging to a high risk family. Risk
management for such women should consider the risk
for a subsequent breast cancer or ovarian cancer and
the competing risk of dying from their prior cancer,
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which attenuates the prevention benefits. Referral to a
family cancer centre for urgent genetic testing may be
appropriate in planning both loco-regional and systemic
management. For women who carry a mutation in
BRCA1 or BRCA2, the risk of a second breast cancer
is around 40%'' and ovarian cancer risk is also
increased.'”

The most effective preventative strategy against
development of a new breast cancer in BRCA1/2
positive individuals with a prior history of breast cancer,
is complete mastectomy (if the previous operation
on the affected breast was less than a mastectomy)
with contralateral mastectomy, which reduces the risk
of contralateral breast cancer by 90%." In mutation
carriers with a low risk of systemic recurrence of their
prior breast cancer, this operation should be considered
prior to adjuvant breast irradiation, as the latter can
limit the reconstructive options. Similarly, RRSO
should be considered if the prognosis from the breast
cancer is reasonably good; additionally, the subsequent
oestrogen deprivation may be an effective adjuvant
therapy in pre-menopausal hormone receptor positive
women."" Conversely, in women who are at high risk
for systemic recurrence, it may be pertinent to wait
two to five years before proceeding with risk reducing
surgery, which will be of no benefit if her previous
cancer recurs systemically. However, these decisions
are complex and should involve the input of experts in
breast cancer genetics, the treating oncologist and the
woman herself.

If risk reducing mastectomy is not performed, secondary
chemoprevention may be considered. Tamoxifen
appears to reduce contralateral breast cancer risk
by about 50% in mutation carriers, including BRCAT
carriers (who usually do not receive adjuvant tamoxifen
for treatment of their hormone receptor negative breast
cancers).'”?

Management of subsequent breast cancer risk in women
with prior ovarian cancer will be highly influenced by
the stage and prognosis of the ovarian cancer. For
women with advanced ovarian cancer, where the five-
year survival rates are low (even taking into account
the possible better survival from ovarian cancer in
BRCA mutation carriers), management of breast cancer
risk with screening and/or chemoprevention may be
preferable to BRRM, whereas BRRM may be appropriate
for women with early stage ovarian cancer.

Conclusion

The management of women at high risk of breast and
ovarian cancer is complex and requires individualisation
based on a woman’s age, childbearing potential,
personal risk and wishes. The great promise of predictive
genetic testing for cancer predisposition in improving
public health will only be realised with widespread
implementation of evidence-based risk reduction
strategies by the oncology and genetics community.
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MANAGEMENT OF HIGH GENETIC RISK OF
BOWEL CANCER
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Abstract

The identification and appropriate genetic counselling of individuals at high genetic risk of bowel cancer is an excellent

Bowel cancer offers an opportunity for prevention
available for virtually no other solid tumours. Not only
can mortality be reduced by early detection of cancer,
but in many cases the very occurrence of cancer can be
greatly reduced without major surgery. This is because
the disease develops in pre-malignant polyps which
can be removed during surveillance colonoscopy, upper
endoscopy and enteroscopy. Even in cases where the
polyps are too numerous to safely control endoscopically,

Royal Brisbane and Women'’s Hospital, Herston, Queensland

example of how improved understanding of the genetic basis of disease can lead to a reduction in morbidity and mortality.
The key to good management is to make as accurate a diagnosis of the family syndrome as possible, since different
syndromes require different surveillance regimens. Diagnosis requires not only verification of cancer diagnoses in the
family, but also consideration of the number and types of polyps detected at colonoscopy and in colectomy specimens.
In addition, assays to detect microsatellite instability in cancer specimens aid in the diagnosis of Lynch syndrome. Since

they can be identified in the pre-malignant phase and
appropriate surgery planned electively.

However, endoscopic procedures are relatively invasive
and carry some risk of morbidity and mortality. To use
them appropriately in individuals at high genetic risk
requires understanding of the natural history of the
various genetic syndromes. Most polyps are adenomas
and occur predominantly in the colon and rectum. They

CancerForum Volume 31 Number 3 November 2007

149



150

generally take between five and 15 years to evolve into
invasive cancer. Thus for individuals with a moderately
increased risk of bowel cancer, without the features
of the specific genetic syndromes discussed below,
colonoscopy every five years is appropriate to interrupt
the natural history and greatly reduce the risk of
cancer. If polyps are identified, increased frequency of
colonoscopy may be appropriate according to published
guidelines.

For all the specific inherited susceptibility syndromes
discussed below, the natural history of the polyps
differs significantly from the above. Thus, the first and
most important step in recommending appropriate
surveillance is to make the most accurate diagnosis
possible, based on the verified clinical history of as many
family members as possible and including consideration
not only of cancers but also the numbers, location and
histological characteristics of polyps. As discussed by
Kirk (in this issue of Cancer Forum), this may be confirmed
by finding a causative germline mutation in an affected
family member. But if the family has convincing clinical
features of a genetic syndrome, a negative mutation
search in a definitely affected family member should
be regarded as “inconclusive” rather than negative;
the family should be managed according to the clinical
diagnosis, with periodic attempts to clarify the mutation
status as technology and knowledge advances.

Familial Adenomatous Polyposis (FAP)

In classical FAP, individuals develop over 100 and often
thousands of adenomatous polyps in the second and third
decade of life.? Although each individual polyp is no more
likely than any other adenoma to progress to cancer, the
sheer numbers of adenomas and the early onset mean
that colorectal cancer is virtually inevitable, with an
average age of onset of 39 years. Adenomas also occur
in the duodenum and periampullary adenocarcinoma is
the most common threat to life in patients who have
undergone colectomy.} Patients are also at risk of
other extracolonic tumours, including intra-abdominal
fibromatosis (desmoid tumours), papillary carcinoma of
the thyroid and hepatoblastoma, however the lifetime
risk of these is relatively low and there is no evidence
to support screening.

FAP is due to mutation in the APC tumour suppressor
gene and is inherited as an autosomal dominant trait
with very high penetrance. About 30% of cases are due
to de novo mutations.* Mutation searching is successful
in over 85% of families. There is some genotype-
phenotype correlation in classical FAP, however there
is heterogeneity in clinical course, even between family
members with the same mutation. Thus identification
of the exact mutation is of limited value in planning
management.

The recommended surveillance protocol for at-risk
individuals is flexible sigmoidoscopy, annually or biennially,
from age 12-15 years to at least age 30-35 years.* Once
polyps are identified, prophylactic colectomy is planned.
Appropriate surgical options are either total colectomy and
ileorectal anastomosis, or restorative proctocolectomy

with pouch formation. Lifetime surveillance of the
rectum or pouch is needed because of the ongoing risk
of cancer. If the causative mutation has been identified
in the family, predictive testing is usually offered at
the age at which flexible sigmoidoscopy screening
would commence. Mutation positive individuals should
then undergo annual sigmoidoscopy. Surgery is not
planned until there is pathological confirmation of the
development of adenomas. Regular upper endoscopy
to identify duodenal adenomas is advised after age 25.°
Management of duodenal polyposis is very challenging
as it is technically difficult to remove the polyps
endoscopically and duodenectomy may be associated
with high morbidity and mortality. Management of such
patients should be in a tertiary centre.

It is now recognised that certain APC mutations result
in an attenuated phenotype where individuals develop
less than 100 adenomas, onset is at a later age and
adenomas tend to be flat and may only be present in the
proximal colon.? The lifetime risk of colorectal cancer is
very high. Surveillance needs to be with colonoscopy,
rather than flexible sigmoidoscopy, since significant
adenomas may be present in the proximal colon when
none have developed distally. Because of the later age of
onset, surveillance does not usually need to commence
until age 18. In some cases prophylactic surgery can be
avoided, if polyp numbers remain low enough for the
colonoscopist to be confident that all adenomas can be
removed at each colonoscopy, but this decision needs
to be individualised. Patients are also at risk of duodenal
adenomas.

MYH-associated polyposis

The phenotype of this autosomal recessive condition
mimics attenuated FAP. This is not surprising, since
the molecular defect is biallelic, inactivating germline
mutations in the base excision repair gene MYH, which
normally produces a protein which repairs G to T (guanine
to thymine) transversions in the APC gene? Thus
individuals with this genetic defect frequently inactivate
APC in colonocytes and develop large numbers of
adenomas at a young age. Affected or at-risk individuals
need to be managed as described above for attenuated
FAP. Generally, genetic testing is only offered for the
common mutations, however more extensive mutation
searching is worthwhile, especially in individuals with a
typical clinical picture and who are heterozygous for a
common mutation.

Hereditary Non-polyposis Colorectal Cancer/
Lynch Syndrome

The natural history of colorectal carcinogenesis is
fundamentally different in hereditary non-polyposis
colorectal cancer (HNPCC) as compared to that
described above in moderate risk families, FAP and
MYH-associated polyposis.® Despite its name, cancer
does develop in polyps in this syndrome, but rather
than there being a vast excess of adenomas, individual
adenomas in individuals with HNPCC have a much
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Figure 1: Guidelines for patients whose cancers should be tested for MSI to identify possible hereditary non-polyposis

colorectal cancer (Lynch Syndrome)

Bethesda Guidelines

1. Colorectal cancer under 50 years.

Synchronous or metachronous colorectal cancer or other HNPCC-associated cancer regardless of age.

2
3. Colorectal cancer with MSI-H histology under age 60.
4

Colorectal cancer with one first degree relative with colorectal cancer or other HNPCC-associated cancer

with one of the cancers being diagnosed under 50 years.

5. Colorectal cancer with two or more first or second degree relatives with colorectal cancer or other

HNPCC-associated cancers regardless of age.

greater risk of rapidly developing into invasive cancer.
The estimated risk of colorectal cancer in affected
individuals is approximately 70% by age 70 years.
About two-thirds of cancers are in the proximal colon,
unlike sporadic colorectal cancers which are more
common distally.” Development of multiple primary
cancers is common. The estimated lifetime risk for
affected women developing endometrial cancer is
40-60%.” There is also an increased risk of cancers of
the small intestine, ovary, hepatobiliary system, kidney
and ureter.

HNPCC is an autosomal dominant condition due to
germline mutation in one of the family of DNA mismatch
repair genes. Most families have mutations in MLH1 or
MSH2, but a significant minority have mutations in
MSH6 or PMS2. Unlike FAP, de novo mutations are very
rare and there is nearly always a family history of the
disease, if the family history is truly known. Mutation
of MSH6 is associated with a somewhat lower risk of
colorectal cancer with a later age of onset, however
the risks of endometrial cancer are at least as high
as for the other genetic defects” Dysfunction of the
mismatch repair system leads to defective repair of
mutations occurring during normal cell division. Thus
in susceptible tissues, such as colonic polyps, somatic
mutations occur in important cancer-related genes and
cancer rapidly develops.

In cancers that develop due to defective DNA
mismatch repair, repetitive DNA sequences, known
as microsatellites, are especially prone to accumulate
mutations and microsatellite instability (MSI) can be
assayed in cancer tissue as a biomarker of HNPCC.
Interpretation of MSI results needs to include an
understanding that 10% of sporadic colorectal cancers
exhibit MSI due to somatic inactivation of MLH1.
Interestingly, both HNPCC and sporadic colorectal
cancers which display a high level of MSI, have distinctive
histological features including mucinous histology, poor
differentiation and tumour infiltrating lymphocytes.®
Deficiency in mismatch repair in cancer tissue can also
be assayed by performing immunohistochemistry for
MLH1, MSH2, MSH6 and PMS2 proteins. Absence of one
of these proteins indicates mismatch repair deficiency.
Since these proteins act as heterodimers and loss of
one partner destabilises the other protein, loss of MLH1
is accompanied by secondary loss of PMS2 and loss
of MSH2 by secondary loss of MSH6. The results
of MSI testing correlate very closely with

immunohistochemistry, although occasionally a
protein may be detectable on staining despite being
dysfunctional.’

The ability to test cancer tissue for MSI is very useful in
diagnosing HNPCC, since the phenotype of an individual
patient is much less distinctive than in any of the
polyposis syndromes. Before the genetic defect was
understood the Amsterdam criteria, which specify a
very strong family history of colorectal cancer with early
age of onset and autosomal dominant inheritance, were
used as a diagnostic tool” However, many HNPCC
families do not meet these criteria, especially if the
family size is small and some families with other, as
yet not understood genetic predispositions, do meet
them. It is now recommended that MSI and/or
immunohistochemistry be performed on the cancers
of a much broader range of individuals who have some
indication of possible HNPCC.>7%""  These criteria have
been formalised into the Bethesda criteria as outlined
in Figure 1."

In 2006, the Royal College of Pathologists of Australasia
issued a position statement recommending there be no
requirement for additional consent or genetic counselling
prior to performing MSI or immunohistochemistry
for mismatch repair proteins. If this testing indicates
HNPCC is likely in an individual meeting the Bethesda
criteria, they should then be offered genetic counselling
and further investigation to confirm the diagnosis, as
outlined by Kirk in this issue of Cancer Forum, for other
high risk families. If a family is referred directly to a
genetic service with a history suggestive of HNPCC,
archival cancer material on affected family members
will be retrospectively tested to help confirm the
diagnosis before a mutation search is undertaken.
Immunohistochemistry is especially helpful in this regard
since it indicates which gene is likely to be mutated.

Once a family has been diagnosed as transmitting
HNPCC, all affected individuals and those at risk of the
disease should be offered surveillance. If the germline
mutation has been identified, those at risk can be
offered predictive testing so that only those carrying the
mutation need continue with surveillance. Surveillance
should be by colonoscopy to the caecum annually or
at least once every two years, beginning at age 25 or
five years younger than the youngest affected family
member (whichever is the earliest).>” This frequent
screening is essential to prevent interval cancers which
would otherwise occur due to the different mechanism
of carcinogenesis in HNPCC.
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Individuals with HNPCC often develop cancer in very
small, recently formed adenomas. There is no evidence
that CT colography (“virtual colonoscopy”) is a safe
alternative and it is known to have poor sensitivity for
small polyps. The efficacy of screening for extracolonic
cancers has not been demonstrated, however it is
generally recommended that patients be offered the
following tests annually:

transvaginal ultrasound from age 30 to 35 with
endometrial sampling if there is endometrial
thickening;

CA-125 measurement (after the menopause);

consideration of upper endoscopy in families where
upper Gl tract cancers have occurred.

If an individual with HNPCC presents with colorectal
cancer, consideration should be given to total colectomy
and ileorectal anastomosis because of the high risk of
metachronous cancer. In addition, if the patient is female
and past childbearing years, prophylactic hysterectomy
and oophorectomy should be discussed. However,
these decisions need to be individualised according to
co-morbidities and patient preference.

Juvenile polyposis

This is a rare condition, characterised by the histologically
distinctive juvenile polyp with cystically dilated tubules
embedded in abundant lamina propria. The epithelium
lining, the tubules and covering the surface of the polyp
is normal, but when the polyps are numerous and
longstanding there is a significant risk of malignancy. All
the malignancies associated with the condition occur
in the gastrointestinal tract, however are not confined
to the colon.” It is inherited as an autosomal dominant
condition with variable penetrance and is genetically
heterogeneous. The two genetic causes defined so far
are mutations in SMAD4 and BMPR1A and interestingly,
both these genetic defects would be expected to disrupt
the TGF (transforming growth factor) beta signalling
pathway. A closely related but distinct disorder is
Cowden Syndrome, due to mutations in PTEN. Although
some of the polyps in Cowden Syndrome may have
the histology of juvenile polyps, the majority of polyps
do not. There is essentially no risk of gastrointestinal
malignancy in Cowden Syndrome, which is instead
associated with breast and thyroid cancer.

It is recommended that patients at risk of juvenile
polyposis start having colonoscopy from age 15 or
earlier if symptomatic.” Upper endoscopy and even
capsule endoscopy should be considered, especially
if there is a family history of gastric or small bowel
cancer.” If possible, all polyps should be removed and if
they are too numerous, surgery should be considered,
especially if polyps start to show dysplasia.

Peutz-Jeghers syndrome

This rare syndrome is also characterised by a particular
histological type of polyp, in which there is prominent

hypertrophy of the smooth muscle layer which extends
and branches up towards the epithelium, which does
not usually show dysplasia. Polyps are most common
in the small intestine. In addition to conferring a risk
of malignancy, they are associated with acute bowel
obstruction. There are extra-intestinal manifestations,
including mucocutaneous pigmentation on the lips
and an increased risk of breast, pancreatic, ovarian
and testicular cancers.™ It is an autosomal dominant
condition and in many families is due to mutation in
STK11 (LKB1).

De novo mutations are common so there may be no
family history. Surveillance with regular colonoscopy
and endoscopy should commence in the late teens or
earlier if there are symptoms. A most important aspect
of management is surveillance for small intestinal
polyps beyond the reach of the endoscope and capsule
endoscopy, followed by push enteroscopy which has
made a major contribution to better management of
these patients.

Hyperplastic polyposis

This increasingly recognised syndrome is characterised
by multiple (>20), large (>1cm) and proximal hyperplastic
polyps.” It is now recognised that this syndrome confers
a high risk of colorectal cancer. This has prompted a
review of the pathological classification of hyperplastic
polyps, which were previously thought to have no
malignant potential. It is now recognised that the polyps
occurring in this syndrome are in fact a particular form
of serrated polyp named a sessile serrated adenoma.'
This syndrome is associated with a marked tendency to
hypermethylation of the CpG islands in the promoters of
key cancer-associated genes. Many of the cancers have
silenced MLH1 by hypermethylation of its promoter and
thus show a high level of MSI. However, this condition
is distinct from HNPCC (Lynch syndrome) and screening
for a germline mutation in MLH1 is not productive.®

In many cases of hyperplastic polyposis there is no
family history of polyposis or even colorectal cancer
and the genetic aetiology of the condition is unclear.
No predictive genetic testing can be offered at present.
It seems likely that the polyps precede development
of cancer by several years and it is recommended
that first degree relatives be offered screening as for
moderate risk families (five yearly colonoscopy from 10
years younger than the youngest affected subject in the
family).> Management of affected individuals is complex
and clear guidelines have only recently emerged. It
is recommended that sessile serrated adenomas
be completely removed endoscopically and that
colonoscopy be repeated every one to two years if the
subject meets the definition of hyperplastic polyposis
(>20 polyps).>'® The risk of cancer increases if the
polyps show dysplasia. In these subjects and those
in whom polyps are too numerous to be safely
removed during colonoscopy, colectomy and ileorectal
anastomosis should be considered.
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INHERITED CANCER SUSCEPTIBILITY SYNDROMES

IN PAEDIATRIC PRACTICE
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Abstract

Since the development of the “two hit hypothesis” by Alfred Knudson to explain the familial nature of cases of

bilateral retinoblastoma,’ there has been growing recognition of the inherited nature of some malignancies. This review

highlights a number of paediatric presentations of inherited cancer susceptibility syndromes. In patients diagnosed
with retinoblastoma, multiple endocrine neoplasia type 2, Von-Hippel Lindau syndrome, neurofibromatosis type 2 or
familial adenomatous polyposis, genetic testing is now recognised as being central to the care of the patient and other
family members and enables surveillance and/or prophylactic treatment to prevent some of the associated disease

The difficulty for clinicians managing families of
children with paediatric tumours is to decide when
to investigate for an inherited cancer predisposition,
how to discuss this possibility with a family and how
information from genetic testing may be helpful for
the management of the extended family. Specific
knowledge of the disorder and its association with a
rare tumour type, such as adrenocortical tumours in
Li-Fraumeni syndrome, or medullary thyroid tumours
in multiple endocrine neoplasia (MEN2), may alert the
clinician to this possibility. Other factors may include
an increased number of cancer diagnoses in family
members, the type of tumours seen, or a younger age
at diagnosis. The absence of family history should not
be a deterrent to referral of the family, since in many
disorders, the rate of new (de-novo) germline mutations
is high. The presence of multiple or bilateral primary
tumours in the index case is also a helpful indicator of
an inherited cancer susceptibility, for instance bilateral
retinoblastoma or Wilms tumour. This review will
approach the question from the point of which tumour
diagnoses should prompt consideration of a familial

cancer syndrome, rather than describing each in detail.

Retinoblastoma

Retinoblastoma is a rare malignant tumour of the
developing retina, typically presenting before the age
of five years, with an incidence of one in 17,000. It is
the most common form of ocular cancer in infancy and
childhood. Tumour formation is triggered by the loss of
expression of the retinoblastoma (RB1) gene-product
caused by mutational events affecting both copies of
the RB1 gene.? The RB1 gene is a tumour suppressor
gene which has a key role in cell cycle control. In
approximately 40% of cases of retinoblastoma the
loss of one functional copy of RB1 gene occurs as a
dominantly inherited germline mutation. This is then
followed by the acquired somatic loss of the second
copy of the gene within some cells in the retina. This is
referred to as hereditary retinoblastoma.

Retinoblastoma can be classified in terms of family
history, number of tumours and laterality (unilateral
versus bilateral). All cases where there is a known family
history (approximately 10%), or where the tumours
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are bilateral (approximately 40% of cases), should be
assumed to be due to a germline mutation in one copy
of the RB1 gene. In the remaining cases without a family
history, where there is a unilateral retinoblastoma, a
germline mutation will be identified in 10-15% of
patients. The incidence of germline mutations is greater
in those individuals with multiple unilateral tumours
compared to those patients with solitary tumours.

Management of the affected child includes careful
screening of the proband to allow early detection of a
second retinoblastoma. Screening of “at risk” family
members during infancy may also be required to permit
early detection of any retinoblastoma. The clinical problem
is to try to separate the truly sporadic retinoblastomas
from the inherited form, where relatives may be at
risk. This question may be answered by performing
gene mutation analysis on DNA from peripheral blood.
In the case of retinoblastoma extra information may
be obtained by analysis of tumour tissue from an
affected child. The use of tumour tissue enables the
identification of the genetic mechanisms by which both
copies of the RB1 gene are inactivated in the tumour.
If one of these mutations is found in peripheral blood,
this confirms hereditary retinoblastoma (whether the
tumour is unilateral or bilateral). Details of any germline
mutation identified in the proband can then be used
to allow predictive genetic testing in all at-risk family
members. Conversely, if neither of the two mutations
found in the tumour is identified in the proband’s blood,
then the tumour can be considered sporadic.

Mutation detection rates in retinoblastoma cases where
there is a family history or bilateral tumours are close
to 90%.>* Even in cases of unilateral retinoblastoma,
the 10-15% chance of identifying an inherited mutation
is sufficient to warrant testing in all new cases of
retinoblastoma.

Wilms tumour

Wilms tumour has an incidence of one in 10,000. The
majority of Wilms tumours occur sporadically with only
1-2% of cases having a history of another affected
family member.> Approximately 5% of tumours are
bilateral and these cases often present a year younger
than the usual age of diagnosis (three to four years).?
Congenital anomalies such as aniridia or genitourinary
anomalies are found in 1-3% of all patients. Wilms
tumour susceptibility is associated with a number of
genetic disorders, most notably overgrowth disorders
such as Beckwith-Wiedemann syndrome (BWS) or
isolated hemihypertrophy. A recent review of Dutch
paediatric cancer survivors suggested an underlying
genetic diagnosis in 17% of Wilms tumour patients.’”
Bilateral disease is more common in association with a
syndromic diagnoses or other congenital anomaly and
suggests a potential underlying genetic susceptibility.

The recognition of interstitial chromosomal deletions
at 11p13 in patients with Wilms tumour and aniridia
lead to the identification of the WT1 gene. Mutations
in this gene are identified in patients with renal and
genitourinary tract syndromes such as Denys-Drash
syndrome and Fraser Syndrome. WT1 mutations are

rarely identified in familial cases. Two other loci have
been implicated in familial cases (17921 and 19q13).
Rare cases will be associated with other tumour
susceptibilities such as Li-Fraumeni syndrome. Genetic
modelling in familial cases suggests complex, rather
than simple mendelian inheritance.’

All patients with Wilms tumour should be carefully
examined to identify an underlying genetic syndrome.
Individuals identified with isolated hemihypertrophy, or
overgrowth disorders such as BWS should be offered
three monthly renal, adrenal and liver ultrasounds, until
at least five years of age because of the higher risk
of developing embryonic tumours. This technique has
been shown to be cost-effective, allowing diagnosis at
an earlier disease stage, conferring survival advantage.
The presence of bilateral tumours or a confirmed family
history should prompt consideration of renal screening
in other “at-risk” siblings and potentially in offspring.
Mutation testing of the WT1 gene may be indicated.

Gastrointestinal polyposis

The polyposis conditions may present in the paediatric
age group, but will be reviewed only briefly here as
further information is contained in the article by Leggett
in this issue of Cancer Forum. Familial adenomatous
polyposis (FAP) is the most common gastrointestinal
polyposis syndrome. In 20-30% of cases there will be
no known family history. In classical FAP, approximately
75% of affected individuals will develop multiple
adenomatous polyps in the distal large bowel by the age
of 20 and 90% by the age of 30.° There are a number
of other inherited polyposis disorders that present
in childhood or adolescence with juvenile or
hamartomatous polyps. Isolated juvenile polyps are
relatively common in the paediatric age group, are
identified in 1-2% of the paediatric population and do
not suggest an inherited cancer susceptibility.

The classical disorder presenting with hamartomatous
polyps is Peutz Jehgers syndrome. The diagnosis of
this disorder is confirmed by the presence of two or
more hamartomatous polyps, which may be present
at any point along the gastrointestinal tract (most
commonly upper jejunum), along with characteristic
oral, peri-anal or digital pigmentation, or one of these
features in association with a known family history.
Paediatric presentation is often with an intussusception.
Juvenile polyposis is characterised by a predisposition to
hamartomatous polyps in the stomach, small intestine,
colon and rectum. Heterozygous germline mutations
in genes such as BMPR1A, MADH4 (SMAD4), PTEN
and ENG have been identified in approximately
20% of individuals with juvenile or mixed polyposis
syndromes."

Endocrine tumours

Thyroid and adrenal tumours are rare in the paediatric
age group, but may be associated with a number of
hereditary cancer syndromes. The multiple endocrine
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neoplasias are an important group of disorders and
deserve special attention. In MEN2, predictive genetic
testing of children in families with this disorder is a
crucial part of their management, allowing currently
asymptomatic mutation carriers to have a prophylactic
thyroidectomy in infancy or early childhood, to minimise
the risk of developing an aggressive medullary thyroid
cancer. This has become the paradigm for patient
management in other hereditary cancer syndromes.

There are two types of multiple endocrine neoplasia
syndrome (MEN1 and MEN2) associated with a
susceptibility to a number of different tumours, each
with a prevalence of around one in 20,000. These two
syndromes are explained by inherited mutations in two
genes, MEN1 (locus on 11q13) in the MENT1 and RET
(10g11) in the MEN2 syndrome.'""

A practical definition of MENT1 includes any individual
with two of the three following features - parathyroid
adenomas, entero-pancreatic tumours and pituitary
tumours.” There may be other families where there are
features that are suspicious of this disorder, but who
do not fulfill this definition. Mutation testing and clinical
surveillance may still be warranted in such families. The
earliest and most common clinical feature in patients
with MEN1 is hyperparathyroidism due to multiglandular
hyperplasia. Many MEN1 patients have evidence of this
in their 20s, with over 95% being affected by the age
of 40. This is significantly earlier than for patients with
sporadic parathyroid adenomas/hyperparathyroidism.
The most prevalent tumours associated with MEN1
are gastrinomas (40% of patients), insulinomas
(10% of patients) and pituitary adenomas particularly
prolactinomas (20% of patients).”

MEN2 is a disorder characterised by a high risk of
developing medullary thyroid cancer. The disorder is
divided into three clinical categories — MEN2A, MEN2B
and familial medullary thyroid cancer (FMTC). Patients
with MEN2A are at risk of developing parathyroid
adenomas and phaeochromocytomas, as well as
medullary thyroid cancer. MEN2B patients are also
at increased risk of phaeochromocytomas, but not
typically parathyroid tumours. Patients with MEN2B are
defined by their phenotypic features, which include a
marfanoid habitus, mucosal neuromas and intestinal
ganglioneuromatosis. They are at high risk of developing
aggressive medullary thyroid tumours, often at a very
young age. FMTC is defined by the absence of other
associated endocrine tumours in families with multiple
affected individuals. Medullary thyroid tumours have a
peak age of presentation of 55 years and their diagnosis
in paediatric practice is almost always associated with a
diagnosis of MEN2.

Phaeochromocytomas presenting in childhood are rare
in MEN2. They are more commonly associated with
Von-Hippel-Lindau syndrome (VHL), especially where
they present as bilateral tumours in this age group.
In a population series of apparently sporadic
phaeochromocytomas, 59% of cases diagnosed under
the age of 18 years were associated with an underlying
tumour susceptibility syndrome.” The presence of extra
adrenal disease suggests an hereditary paraganglioma
syndrome due to mutations in genes involved in the

succinate dehydrogenase complex (SDHB and SDHD).
All  children presenting with phaeochromocytomas
should be carefully evaluated for these disorders. Clinical
assessment should include screening for VHL associated
lesions in a patient’s eyes, spinal cord and cerebellum.

Li Fraumeni Sydnrome

Li Fraumeni Syndrome (LFS) is a high penetrance
cancer predisposition syndrome, classically defined
by the presence of sarcoma with other early onset
cancers in three closely related individuals. Those
cancers reported to be particularly associated with the
syndrome include early onset breast cancers, soft tissue
and bone sarcomas, brain tumours, leukaemia and
adrenocortical carcinoma, as well as germ cell tumours,
stomach cancer, melanoma and Wilms tumour.”™® LFS
is associated with a lifetime cancer risk of up to 85%,
with more than half of the malignancies occurring prior
to the age of 30 years.” The syndrome is typically
caused by dominant mutations in the p53 gene (locus
17p13).®

A diagnosis of LFS should be considered in any individual
with two paediatric malignancies, or adrenocortical
tumour or sarcoma, in association with a family history
of other early onset cancers. In one series, 80% of
patients with adrenocortical tumours had a germline p53
mutation, although the mutations seen in association
with these tumours often have a low penetrance in
terms of increasing the risk of developing other LFS
associated tumours.” Although efficacy of screening
of at-risk relatives for the associated cancers may be
limited, given the range of possible tumours, knowledge
of this cancer predisposition may alter management
decisions and may preclude the use of radiotherapy.

Neurogenetic tumours

The classic neurogenetic syndromes presenting with
tumours in the paediatric age group are Neurofibromatosis
type 1 (NF1) and type 2 (NF2). These disorders are
aetiologically and clinically distinct, although at one time
their similar cutaneous features may have lead to some
confusion in separating the phenotypes. NF1 is far more
common with an incidence of about one in 3000-4000.
The diagnosis is confirmed by identifying a characteristic
combination of cutaneous, ocular and skeletal features.
Common complications include learning, growth and
ocular abnormalities. Optic glioma are detected in 9.6%
of NF1 patients, although in most cases they remain
clinically asymptomatic and may often regress in adult
life.® Individuals with NF1 also have an increased risk of
developing other CNS tumours, phaeochromocytomas,
leukaemias and other myelodysplasias, however these
are still rare in this group, each occurring in < 2% of
patients.”

Neurofibromatosis type 2 (NF2) is a rare, dominantly-
inherited susceptibility to tumours of the central nervous
system, in particular acoustic neuromas, meningiomas
and schwannomas. The incidence of NF2 is estimated
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from the United Kingdom NF2 registry to be one in
37,000. The presence of bilateral acoustic neuromas
(schwannomas) is pathognomonic of NF2, although a
single early onset acoustic neuroma, combined with other
features such as schwannomas, meningiomas or juvenile
cataracts, may be diagnostic.? Complications related to an
acoustic neuroma, such as deafness, tinnitis and balance
disturbance, are common presenting symptoms in NF2.
Other complications include cataracts, typically posterior
pole cataracts (81%), meningioma (49%) and spinal cord
lesions (67%).2 Typical age of presentation is between
18 and 24 years of age. Paediatric presentations are
likely to relate to meningiomas or schwannomas.** Any
child presenting with a schwannoma or meningioma
should be investigated for evidence of other signs of
NF2.

Between 10-40% of spinal cord and cerebellar
haemangioblastomas are associated with a diagnosis
of VHL syndrome. These lesions should always prompt
investigation for other features of this disorder, especially
if the presentation is at a young age.” Familial clusters
of brain tumours, particularly medulloblastomas or
glioblastoma multiforme, have occurred in association
with gastrointestinal polyposis in Turcot’s syndrome.
Reported cases in the paediatric age group typically
present with medulloblastomas and a significant
proportion of patients with this rare syndrome have
been found to have APC mutations. %
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Abstract

Hereditary diffuse gastric cancer is caused by a germline mutation in the CDH1 gene. Individuals found to carry a CDH1
mutation are at a significantly increased risk of diffuse type gastric cancer, as well as an increased risk of lobular type
breast cancer for females. This review outlines the criteria for a clinic diagnosis of hereditary diffuse gastric cancer and
indications for genetic testing. The management options for CDH1 mutation carriers include surveillance by chromo-
endoscopy, or prophylactic gastrectomy. These management options will be addressed including a discussion on their

Case history

A germline CDH1 mutation was identified in a 39 year
old woman diagnosed with signet ring cell gastric
cancer. The only significant family history was that her

sister was diagnosed with gastric cancer at the age of
20. Both women are now deceased. The identification
of this mutation confirmed the diagnosis of hereditary
diffuse gastric cancer in the family.
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This finding raises significant issues for at-risk family
members, including whether or not to take up predictive
testing, the age at which predictive testing should
be offered to children and then the management
options for those found to carry the mutation, such
as endoscopic screening or preventative gastrectomy.
Hereditary Diffuse Gastric Cancer (HDGC) is a rare
condition. Genetic testing can be helpful in clarifying
risks and management for other family members.

Genetic susceptibility to gastric cancer

The incidence of gastric cancer in Australia per 100,000
people was 14.3 and 5.5 among males and females
respectively in 2004." This accounts for approximately
2000 people being diagnosed with gastric cancer per year
within Australia.2 Of all gastric cancers, approximately
5-10% show familial clustering, with two or more cases
in the same family? However, only 1-3% of all gastric
cancers occur in families with autosomal dominant
gastric cancer susceptibility.**

A single gene has been identified with a causative role
in HDGC, the CDH1 gene, encoding the protein
E-Cadherin. Germline mutations in the E-cadherin gene
cause an increased risk of diffuse type gastric cancer
and lobular breast cancer.® In a recent population based
study of 81 patients with gastric cancer (diagnosed
under the age of 50) and unselected for family history,
the frequency of CDH1 mutations was 1.2% (1/81)”
Germline mutations in the mismatch repair genes, causing
hereditary non-polyposis colorectal cancer (HNPCC),
lead to an increased risk of intestinal type gastric
cancer.? There is also an increased risk of gastric cancer
associated with other inherited cancer predisposition
syndromes, including Peutz Jeghers syndrome,’ familial
adenomatous polyposis™ and Li-Fraumeni syndrome."

In 1998, the CDH1 gene was identified by genetic
linkage analysis as a candidate gene within several large
Maori families with early onset autosomal dominant
diffuse gastric cancer.” Sequencing revealed germline
CDH1 mutations in the three families. A study of 18
gastric cancer families of European descent (England,
Italy, Portugal) also found CDH1 mutations in three
families with diffuse type gastric cancer.” In 1999, a
further six CDH1 mutations were identified in families
of mixed ancestry with diffuse type gastric cancer,™
confirming that a germline mutation in CDH1 is a common
determinant of a dominantly inherited susceptibility to
diffuse gastric cancer.

In 1999, the International Gastric Cancer Linkage
Consortium (IGCLC) was established with the aims of
developing common terminology for the disease and
to produce evidence-based management guidelines.”
In formulating a definition of familial gastric cancer
syndromes, a distinction was made between the different
histopathological sub-types of gastric cancer (intestinal,
diffuse or mixed/diffuse with glandular component) that
segregate within families. The IGCLC initially defined

the criteria for a clinic diagnosis of HDGC as any family
fulfilling one or more of the following:

1. Two or more documented cases of diffuse gastric
cancer in first or second degree relatives, with at
least one diagnosed under the age of 50.

2. Three or more cases of documented diffuse
gastric cancer in first or second-degree relatives,
independent of age.

Based on the limited data available at that time, the
IGCLC predicted up to 25% of families that met the
criteria for HDGC would have a CDH1 mutation.”
Since then, CDH1 mutations have been identified in
approximately 30-40% of HDGC families, fulfilling the
IGCLC criteria.’ In response to concerns that the criteria
may be too stringent, revised criteria were established
and assessed in a second study of 42 HDGC families.”

The six revised criteria were any family fulfilling one or
more of the following:

1. Two or more cases of gastric cancer in a family, with
at least one diffuse gastric cancer diagnosed before
age 50 years.

2. Three or more cases of gastric cancer in a family,
diagnosed at any age, with at least one documented
case of diffuse gastric cancer.

3. An individual diagnosed with diffuse gastric cancer
before 45 years of age.

4. An individual diagnosed with both diffuse gastric
cancer and lobular breast cancer (no other criteria
met).

5. One family member diagnosed with diffuse gastric
cancer and another with lobular breast cancer (no
other criteria met).

6. One family member diagnosed with diffuse gastric
cancer and another with signet ring colon cancer (no
other criteria met).

The second study found CDH1 mutations in 48%
(12/25) of families meeting Criteria 1, but only 5.5%
(1/18) of those meeting the less stringent criteria. The
conclusion was that families with a CDH1 mutation are
those with a strong family history of early onset diffuse
gastric cancer, and therefore Criteria 1 provides the best
guide for CDH1 mutation screening.” This study also
indicated that a single individual with early onset diffuse
gastric cancer, without a family history, is unlikely to
carry a CDH1 mutation.

Several other studies have examined the frequency of
E-cadherin germline mutations in patients with early
onset gastric cancer (diagnosed before the age of 45
years) without a family history, in populations with a
low incidence of gastric cancer. The overall reported
frequency of cases diagnosed under 50 years that
are attributable to E-cadherin mutations is about 1%.
Screening for CDH1 germline mutations in individuals
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without a family history should therefore be limited
to those early onset cases diagnosed before the age
of 357

The CDH1 gene is located at 16g22.1 and consists of
16 exons covering approximately 100kb of genomic
DNA encoding the E-cadherin protein.”® CDH1 mutations
are dominantly inherited. So far 439 families with
aggregation of gastric cancer have been analysed for
CDH1 mutations, with 56 (12.8%) families having been
found to carry a CDH1 germline mutation (50 distinct
mutations).” The majority are truncating mutations
(80.4%), with pathogenicity caused by down-regulation
or inactivation of protein expression. Missense
mutations have also been identified (19.6%), however
functional impact of missense mutations is difficult to
predict.” One hundred and eighteen families fit the
IGCLC criteria for HDGC (26.9%); of these, 43 have had
mutations identified (36.4%)."” There have been no ‘hot
spots’ identified, with mutations dispersed along the
full sequence of the gene. There have been at least 18
sequence variants identified.

The E-cadherin protein is a member of the cadherin
family of adhesion molecules, which are transmembrane
glycoproteins mediating calcium dependent cell-cell
adhesion.*® E-cadherin is a tumour suppressor gene,
therefore inactivation of CDH1 in hereditary diffuse
gastric cancer requires the somatic inactivation of the
wild type allele, as predicted by the Knudson two-
hit hypothesis. The first hit in HDGC is the germline
mutation. In sporadic diffuse gastric cancer there is an
initial somatic mutation. The second hit is then usually
due to one of the following mechanisms: silencing
of the gene by promoter hypermethylation, somatic
mutations or loss of heterozygosity affecting wild
type copy.?’ Abolishment of the E-cadherin function
induces loss of adherens junctions and impairment of
the cell adhesiveness and cell proliferation signalling
pathways.?? Tumour cells with abolished E-cadherin
expression demonstrate abnormal morphogenesis and
architecture of epithelial tissue, loss of cellular polarity
and contact inhibition, unregulated growth and invasion
of adjacent tissues.?

Cancer (and other risks) in carriers of a
CDH1 mutation

Germline mutations in the CDH1 gene cause a greatly
increased risk of diffuse gastric cancer and an increased
risk of breast cancer (of the lobular subtype).

Lifetime penetrance of gastric cancer, based on the
original three Maori families, was estimated at 70%."
A penetrance analysis of E-cadherin mutations in 11
families was used to estimate the cumulative risk of
both gastric and lobular breast cancer.® The cumulative
risk of gastric cancer by age 80 was estimated at 67%
for men (95% Cl, 39-99) and 83% for women (95%
Cl, 58-99). Ascertainment bias may have resulted in
higher penetrance estimates than those obtained from

population-based studies. The age of onset is variable,
ranging from 14 to 69 years, with the mean age at
diagnosis between 31-51 years.”

The cumulative risk of lobular breast cancer by age 80
for women with a germline CDH1 mutation has been
estimated at 39% (95% Cl, 12-84), with the combined
risk of gastric and breast cancer in women by age 80
around 90%.° Signet ring cell carcinomas of the colon,
prostate and ovarian cancers have been observed in
HDGC families.” ™ # However, there is no evidence of a
significantly increased risk of these cancers, beyond the
population risk. Cleft lip, with or without cleft palate, has
been described in two HDGC families.** As cell adhesion
molecules are considered to play a major role in
craniofacial morphogenesis, germline CDH1 mutations
may contribute to clefting.

There are some general risk factors associated with
in an increased risk of gastric cancer which include
gastritis and Helicobacter pylori infection. It is possible H.
pylori as well as dietary and environmental factors may
modify the disease risk in HDCG patients. H. pylori is
associated with an increased risk for both intestinal and
diffuse GC, however H. pylori-associated pre-neoplastic
lesions are usually a feature of intestinal gastric cancer,
not diffuse gastric cancer.?® Intestinal type cancer is more
often related to environmental exposures, including
diet (particularly salted fish/meat and smoked foods),
cigarette smoking and alcohol.

Management of carriers of CDH1 gene
mutation

The five-year survival rates for all gastric cancer remains
low in Western countries, ranging from 20-45%.* The
poor prognosis is mostly attributable to the late stage at
presentation and diagnosis. Once a diffuse gastric cancer
is symptomatic, it is lethal in 80% of cases.® However,
if detected early and resected before invasion through
the gastric wall, there is a 90% five-year survival rate
(regardless of histological type).* Effective management
of HDGC, requires intensive clinical surveillance
with the aim of identifying early gastric cancers or
consideration of risk reducing strategies. For individuals
with a germline CDH1 mutation, the therapeutic options
currently available are either endoscopic surveillance or
prophylactic gastrectomy.

The recommendations for surveillance from the IGCLC
is an endoscopy every six months, performed by a
team experienced at diagnosing early gastric cancer,
including multiple biopsies of gastric mucosa.? Chromo-
endoscopy with congo red-methyl blue may provide
improved surveillance. In a recent study of 33 CDHI1
mutation carriers, chromo-endoscopy detected 23 early
signet ring cell carcinoma foci in 10 patients, which
were not visible with standard white light endoscopy.”
The efficacy of endoscopic surveillance is unproven.
The difficulties in detecting diffuse gastric cancer are
due to the lesions tending to spread in the submucosa
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(beneath morphologically normal mucosa), rather than
as exophytic masses, which makes them difficult
to identify. Finally, it would appear reasonable to
recommend H.pylori eradication treatment, in an effort
to minimise exposure to other gastric carcinogens.”

In two studies examining prophylactic gastrectomy
specimens from CDH1 mutation carriers, all patients
were found to have multi-focal signet ring cell (SRC)
carcinoma, with the number of distinct foci as high
as 161.»2* This finding has been supported with
the histopathological mapping of an additional 20
gastrectomy specimens from 4 HDGC kindred, where
all stomachs had multiple foci of SRC carcinoma, with
the mean number of foci approximately 100/stomach
(range 4-487).® In the earlier two studies, standard
white light endoscopy and multiple biopsies had failed
to detect the cancers in all cases. The early invasive
cancers were spread throughout the entire stomach,
not isolated to a particular region.

These studies suggest there may be a significant risk
reduction for CDH1 mutation carriers by undergoing a
prophylactic gastrectomy. It is suggested this surgery
should be performed by centres performing at least 25
gastrectomies per year, resulting in a surgical mortality
of less than 5%."

Prophylactic gastrectomy must be considered in the
context of the morbidity, mortality and long-term
consequences. Total gastrectomy is associated with a
2-4% risk of mortality, 10-20% risk of post-
operative complications and 100% risk of long-term
consequences.?” The long-term implications affect
nutritional status, with possible side-effects including
weight loss, lactose intolerance, fat mal-absorption and
steatorrhoea, dumping syndrome, bacterial overgrowth,
postprandial fullness and vitamin deficiencies.”
Although the severity and degree of complications
are well described in older gastric cancer patients
(60-70 years), this has not been evaluated in young
individuals (without coexisting morbidity). However,
almost all the reported patients who have undergone
gastrectomy have experienced one or more of the
above symptoms.?? Prophylactic gastrectomy may lead
to a significant decrease in quality of life.

Finally, women with a CDH1 mutation are recommended
to commence annual mammography from the age of
35, or five years younger than the age at which the
youngest person in the family was diagnosed with
breast cancer.®

Conclusion

Germline mutations in the CDH1 gene are present in
almost 50% of families with multiple cases of gastric

cancer, including at least one documented case of
diffuse type gastric cancer diagnosed under the age of
50. Individuals found to carry a germline CDH1 mutation
have a significantly increased risk of gastric cancer
and data is supportive of an increased risk of lobular
breast cancer for women carriers. Overall, current
data suggests that standard endoscopic screening
is insufficient to detect gastric cancers, therefore
prophylactic gastrectomy may be recommended.
For those CDH1 mutation carriers who choose not
to proceed with prophylactic gastrectomy, chromo-
endoscopy provides improved surveillance.”
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Abstract

The study of inherited predisposition to cancer provides the unique opportunity to identify key driver genes in

oncogenesis that are likely to play important roles in the more common sporadic forms of disease. Inherited

predisposition to malignancies, such as colon, breast and ovarian cancer have been well established. It has also long

been accepted that several inherited syndromes, such as Fanconi Anaemia, are associated with an increased risk

for haematological malignancy. However, inherited predisposition to a purely haematological malignancy, without

associated syndromic features, has only recently become widely accepted. To date, only three genes have been

shown to be causative of these predispositions, however in the majority of families studied, the causative mutation

remains elusive. The Australian Familial Haematological Cancer Study is strategically identifying and collecting

Australian families with inherited predisposition to a specific haematological malignancy. The identification and study

of these families is integral to the study of haematological malignancy, as knowledge of the gene/s mutated and

the subsequent disease progression in affected individuals will provide important insight into the mechanisms of

Cancer results from an accumulation of genetic mutations
in genes involved in regulating cell differentiation
and proliferation, leading to aberrant control of these
processes. These mutations generally occur as somatic
mutations due to intrinsic errors in DNA replication and
ineffective repair mechanisms. However, in some rare
cases, a mutation in one of these genes may occur in
the germline and become a heritable mutation. It is likely
that these genes, through their ability to predispose to
cancer, play a key role in the development of cancer
sporadically. Their identification will provide insight into
the more common sporadic cases.

Familial clustering of cancer, including haematological
malignancies, has been recognised by some and argued
over by others for more than 50 years. Two doctors
on different sides of the world, Henry T Lynch in
Nebraska, United States and Frederick W Gunz, in
Christchurch, New Zealand, were among the early
supporters of a strong familial genetic component to
cancers in the 1960s. The underlying genetic causes
have subsequently been identified in a number of
familial cancers, in particular the mismatch repair genes
eg. MLH1 and MSH2 in colorectal cancer, and BRCA1
and BRCA2 in breast and ovarian cancer. Indeed, Lynch
syndrome is a commonly used synonym for hereditary
non-polyposis colorectal cancer. Many colon and breast
cancer families used in the identification of these genes
were collected by the ever active Dr Lynch.’

Fred Gunz will be well known to readers of Cancer Forum
as the director of medical research at the Kanematsu
Institute in Sydney from 1967 until 1980 and, until his
death in 1990, an active contributor to Cancer Forum.
Fred Gunz is the first author on one of the few papers
online today from the period and summarises the early
arguments in the medical literature about a hereditary
component to haematological malignancies.? Familial
clustering of purely haematological malignancies has
also been described, including a beautiful description by
Fred Gunz and colleagues of the largest ever published

family with a predisposition to develop leukaemia, with
17 affected family members from Sydney.?

However, only three genes have been definitively
identified as playing a role in these haematological
malignancy predispositions.

The difficulty in identifying haematological malignancy
predisposition genes partially results from an inability
to perform linkage studies. This is due to relatively
small family sizes, the high mortality rate, incomplete
penetrance, relatively late age of onset and potential
for sporadic phenocopies. A greater number of genes
has been identified in bone marrow failure syndromes
or other syndromes where an increased risk for
haematological malignancy exists, however a number
of non-haematological diseases/phenotypes are also
observed.

Pure familial leukaemia

A large number of families has been described in
the literature, where aggregation of a greater than
expected number of individuals diagnosed with
a particular type of haematological malignancy has
been observed. Lowenthal et al documented a series
of over 200 pedigrees with two or more cases of
haematological malignancies between 1972 and1980.%
Some of these pedigrees are large, with 12 or more
affected individuals in the one family. It has also been
observed that there is a propensity for individuals within
the same family to be afflicted with a disease showing
similar clinical phenotype. For example, families exist
where predominantly acute myeloid leukaemia (AML)
is observed, whereas others exist where only chronic
lymphocytic leukaemia (CLL) is found, suggesting that
the gene/s affected are distinct between the different
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families. Inheritance patterns also suggest many
families have monogenic disorders displaying autosomal
dominant inheritance, with varying penetrance.

Familial chronic lymphocytic leukaemia (CLL)

CLL is the most common form of sporadic leukaemia in
western countries, representing approximately 30% of
all cases. CLL also appears to show a relatively common
familial aggregation, with some epidemiological studies
suggesting a three-to-seven fold increased risk in first
degree relatives of a CLL patient.”” More than 80 families
showing CLL aggregation have been reported.® This
includes an Australian family with at least 12 affected
members over four generations, ascertained by James
Wiley, Professor of Haematology, University of Sydney
and at least partially responsible for a linkage signal on
chromosome 11p11.° In 1975, Gunz and colleagues
reported on a study of 909 families in respect to familial
leukaemia.® They reported that first degree relatives
with leukaemia were much more frequent in families
of patients with chronic lymphocytic, than in those
of patients with chronic granulocytic leukaemia. The
incidence of leukaemia among first degree relatives was
established to be 2.8 - 3.0 times, among more distant
relatives about 2.3 times and overall about 2.5 times
that expected. Subsequently, a 1984 Tasmanian study
found that 11.8% of CLL cases had at least one affected
first degree relative.*

Several large association studies have been performed
on cohorts of CLL families leading to the identification of
several candidate loci, including 11p11,° 13921.33-q22.2"
and 6p21.2? however no genes in these regions
have been implicated to date. Regions of consistent
chromosomal rearrangement in sporadic CLL have also
been suggested, such as consistent deletion of 13p14.3,
implying the presence of a tumour suppressor gene.”
No genes within these regions have been implicated,
although recently a common nonsense polymorphism in
the ARLTS1 ADP-ribosylation factor gene in the 13p14.3
commonly deleted region was found to be associated
with familial CLL.* However, several groups have since
been unable to confirm this result in their own familial
cohorts.”s™®

In a paper recently published in Cell, an epigenetic
and genetic mechanism for CLL predisposition in a
family ascertained by Henry Lynch with seven affected
individuals was proposed.”” The authors found significant
linkage to 9g21-22 in this family and sequencing of the
region identified a novel regulatory sequence change in
the death-associated protein kinase, DAPK1 gene, in all
affected members analysed.” This sequence change
correlated with significant down-regulation of DAPK1
expression in these individuals. The same authors
demonstrated that DAPK1 is epigenetically silenced
in 89% of sporadic CLL, thus reduced expression of
this gene appears to be a potent promoter of CLL
formation.” While it has not been definitively proven
that DAPK1, or this sequence variation, is causative of
CLL in this family, the data signifies the potential for
regulatory mutations to play a role in familial cancer.
It also shows that DAPKI, like the other two known
familial haematological malignancy genes, RUNX1 and
CEBPA, is important in both familial and sporadic
haematological malignancies (see below).

Lymphoproliferative disorders - non-Hodgkin lymphoma

and Hodgkin lymphoma

Several studies utilising large Swedish and Danish
cancer registries have identified significant familial
aggregation of the lympho-proliferative disorders, non-
Hodgkin lymphoma (NHL) and Hodgkin lymphoma
(HL)."®* The 1984 Tasmanian study by Giles et al
identified 13 potential families (at least two affected first
degree relatives) with NHL and found that the overall
risk for first degree relatives of an affected individual
was 3.15-3.61. However, no chromosomal regions or
candidate genes have yet been implicated.

Acute leukaemia

Families with acute lymphocytic leukaemia (ALL) have
been reported?* and a significant number of families with
predisposition to AML have been described.” Families
with aggregation of AML can be broadly segregated
into those with a pre-leukaemic familial platelet disorder
(FPD-AML), those with a pre-leukaemic early onset
myelodysplasia (MDS-AML) and those with no obvious
pre-leukaemic phenotype (AML). Clinically, this pre-
leukaemic phase allows identification of “potentially
unaffected” siblings for genetic testing and allogeneic
bone marrow donation. The gene responsible for most,
if not all cases of FPD-AML, has been identified as has
one gene for familial AML. No gene has been identified
for a number of other familial AML cases, or for MDS-
AML cases, however one region on 16922 has been
implicated in MDS-AML.

The FPD-AML gene, RUNX1, is present on 21g22.1 and
is one of the most frequent targets of chromosomal
aberrations in sporadic AML and point mutations,
deletions and amplifications have also been identified.**
Germline RUNX1 mutations have been found in 12
families with FPD-AML.**'

The other identified familial AML gene, CEBPA, lies on
19913.1 and is mutated in approximately 9% of sporadic
AML.? Germline mutations were recently identified in
two families with AML and accompanying eosinophilia,
but with no obvious pre-leukaemic phenotype.®** These
two germline mutations affecting the same polyC
string, appear to cause a truncation of the normal 42kDa
protein resulting in increased formation of the 30kDa
dominant negative isoform, which inhibits DNA binding
and transactivation by wild-type CEBPA.*** We have
recently identified (unpublished data) similar mutations
in the Sydney pedigree described by Fred Gunz et al?
An unexpected observation in this pedigree is that
affected carriers of the mutation have an extremely poor
clinical outcome compared to the two other published
pedigrees, in which some patients were treated in the
1960s and clinical outcome was excellent.

The chromosomal region 16g22 was found through
candidate region linkage analysis to be linked with
disease in two families with MDS-AML.**" The gene for
the integral cofactor of RUNX1 and CBFB lies within this
region, however pathogenic mutations in this gene and
several other neighbouring candidate genes have been
ruled out in both families.®**

There still remains a large number of families reported in
the literature in which no causative mutation has been
identified.
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Syndromic predisposition to leukaemia

Several inherited syndromes also confer an increased
risk of haematological malignancy, however a number
of other disease characteristics are also present. These
syndromes result from mutations in genes whose
key functions are not confined to the haematopoietic
system, and are thus less likely to represent key
haematological malignancy driver genes in sporadic
cases. However, insight into oncogenesis may still be
gained through identifying how these genes lead to an
increased risk of haematological malignancy.

Specific syndromes are outlined in Table 1, however a

general overview of the different groups of syndromes
is given below.

DNA repair syndromes

Autosomal recessive mutations leading to DNA
repair deficiency have been shown to predispose
to cancer, particularly haematological malignancies.
Such syndromes include Ataxia Telangiectasia, Fanconi
Anaemia and Li Fraumeni syndrome.

Bone marrow failure syndromes

Bone marrow failure syndromes show defects
in several hematopoietic lineages and include
Kostmann syndrome of severe congenital neutropenia,
Shwachman  Diamond  syndrome, dyskeratosis
congenital and Diamond-Blackfan anaemia. All of these
syndromes strongly increase the risk of acquiring MDS
and leukaemia.®

Immuno-deficiency syndromes

Table 1
Gene Syndrome OMIM# Inheritance Haematopoietic Approximate
malignancies* risk*
DNA repair syndromes
ATM Ataxia telangiectasia 208900 Autosomal T-cell ymphoma, T-ALL, 12%
recessive T-PLL, B-cell ymphoma
BLM Bloom syndrome 210900 Autosomal AML, ALL, lymphoma 25%
recessive
FANC Fanconi anemia 227650 Autosomal AML 10%
(A, B, C, D1, recessive
D2,E F, G,
J,L, M, N)
NBS1 Nijmegan breakage 251260 Autosomal recessive Lymphoid Unknown
Bone marrow failure syndromes
ELA2, GFI1, Severe congenital 251260 Autosomal AML, AMoL 2-10%
HAX1 neutropenia, Kostman dominant,
autosomal
recessive
SBDS Schwann-Diamond 260400 Autosomal ALL, AML, AMML, 5%
recessive AMol, EL, IMML
Linkage to 19q Diamond-Blackfan 105650 Autosomal AML 4%
or 8p (80%) or recessive and
RPS10 (20-25%) dominant

Tumour suppressor syndromes

TP53 Li-Fraumeni 151623 Autosomal B-CLL, ALL, CML, HL, 50% for
dominant BL, JMML, AML all cancers
NF1 Neurofibromatosis 162200 Autosomal JMML, AML 350-fold
dominant increase
Immunodeficiency syndromes
ADA Severe Combined 102700 Autosomal B-cell lymphoma 5%
immunodeficiency recessive
WASP Wiskott-Aldrich (WAS) 301000 X-linked recessive ALL, HL 7%
CD40L  X-linked immunodeficiency 308230 X-linked recessive Lymphoma, HL Unknown
SAP X-linked lymphoproliferative 300635 X-linked recessive EBV-related B-cell 20%

(XLP)

lymphoma

#http://www.ncbi.nlm.nih.gov/sites/entrez?db=0OMIM

*Adapted from ref.23
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Some immuno-deficiency syndromes have also been
linked to an increased risk of haematologic