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Abstract

Background: Patients are commonly referred to cancer genetics services when all affected family members are
deceased. This makes genetic testing and risk assessment more difficult, reducing the benefit from screening and
prophylactic treatment.
Methods: Observational, retrospective, cohort study of 508 randomly selected patients referred to a regional
cancer genetics unit, using review of case notes to explore whether a simple clinical ‘‘3, 2, 1’’ family history rule
could have been used to improve timely and appropriate referrals for genetic assessment. The 3, 2, 1 criteria are:
three affected relatives with the same/associated cancers, across two generations, with at least one person affected
age < 50 years.
Results: Most (71% [362]) genetic risk assessment referrals were in unaffected individuals and 22% (80) of these
were referred after all affected family members had died, including 24% (19) who lost their last remaining
affected relative in the previous year. Most (59% [301]) referrals met all 3, 2, 1 criteria, and 67% of these could
have been made earlier in clinical practice. A further 23% (115) met two of the three criteria.
Conclusion: Using a simple ‘‘3, 2, 1’’ family rule in cancer care and particularly in palliative care could enable
earlier cancer genetic risk assessment for unaffected relatives, improving the potential to benefit from targeted
screening and intervention.

Introduction

Cancer is one of the leading causes of death world-
wide, with an estimated 157,275 deaths from cancer in

the United Kingdom (UK) in 2010 alone.1 The etiology of
most tumors involves a complex interplay of genetic and
environmental factors. However, some tumors are due to a
single germline mutation in an individual’s genetic makeup,
inherited in a Mendelian pattern. One percent of the UK
population is thought to carry single gene alterations predis-
posing them to certain types of cancer, which is collectively
known as familial inherited tumor susceptibility syndrome
(FITSS).2 To detect families with a FITSS germline, genetic
testing looking for mutations is required. This testing should
ideally be on living, affected family members to remove the
ambiguity that arises from indirect testing (i.e., testing at-risk
relatives). The latter can be problematic, as a negative (unin-
formative) result does not exclude FITSS in the family; it only

indicates that the tested individual does not carry the muta-
tion. In this situation, every at-risk relative may still require
full sequencing as opposed to complete sequencing of the
affected individual and targeted cascading to other relatives if
appropriate. Additionally, the indirect testing of potentially
at-risk relatives creates problems with analyzing the signifi-
cance of missense variants,3 ultimately making the entire
process less cost-effective and creating greater anxiety and
uncertainty within families.4

Therefore, making the most appropriate referrals to cancer
genetics requires vigilance on the part of health care profes-
sionals along a patient’s cancer pathway, with those involved
in diagnosis having the first and palliative care often the last
opportunity. During this treatment journey, answers to
questions positively correlating to Knudson’s hypothesis5

should be recognized regarding family history, multiple
cancer cases in multiple generations, young age of onset,
multiple tumors in the same individual, and patterns of
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related tumors, for example, multiple incidences of breast and
ovarian cancer. These should trigger a referral to cancer ge-
netics for further counseling and analysis.

Positive identification of a germline mutation allows for
significant potential for families to benefit from more targeted
screening and increased surveillance. It also empowers pa-
tients with knowledge of their health that may affect their
lifestyle choices. There may be particular opportunities for
preventative interventions such as prophylactic mastectomy,
which in BRCA1 carriers reduces the risk of breast cancer by
more than 90%,6 or preventative aspirin treatment in patients
at high risk of bowel cancer, which reduces the risk of de-
veloping malignancy by 60%.7 Equally, negative germline
testing provides significant reassurance for individuals and
their families who have experienced cancer. Timely and ac-
curate calculation of familial risk can reduce suffering and
facilitate targeting of interventions efficiently.

Although the above scenario is the ideal, currently, referrals
to cancer genetics are often delayed, resulting in missed
opportunities for life-saving interventions. There are a sig-
nificant number of mutation carriers that remain uniden-
tified.8–10 Lower referral rates and poor access for the
socioeducationally disadvantaged and minority ethnic pop-
ulations are a further concern.11 Clinicians may struggle to
make referrals for many reasons including time constraints,
insufficient knowledge of genetics and referral pathways, or
simply having never considered making a referral to cancer
genetics.12,13 The death of a relative is a common trigger for
referral to the genetics service, but, as highlighted above, this
raises difficulties, as direct testing can no longer be achieved.
Palliative care, commonly at the end of the cancer pathway,
may present the last opportunity to achieve direct testing;
however, genetics is often not incorporated into the palliative
care program14 and therefore represents a key education area.
We have devised a ‘‘3, 2, 1’’ criteria, based on the Amsterdam
criteria for hereditary nonpolyposis colorectal cancer, which
may aid detection of FITSS in clinical practice.15 The 3, 2, 1
rule is based on three criteria: three affected relatives with the
same/associated cancers, occurring across two generations,
with at least one affected individual age < 50 years. This

simple 3, 2, 1 rule for triaging family histories from all clinical
specialties may identify suitable patients for a timely cancer
genetics referral, enabling germline DNA analysis if appro-
priate, and reducing the need for problematic indirect testing
in families.

This study suggests a potential approach to triage for
cancer genetics referrals and highlights the need for such a
model in reducing the interval between the last affected in-
dividual dying and referral times, thus reducing referrals
where DNA has not been able to be stored. Appropriate,
timely referrals allowing for germline analysis will increase
opportunities for diagnostic and predictive genetic testing, to
enable more targeted screening and preventative strategies
for very high-risk groups. This can enable definitive reassur-
ance for relatives shown not to be at risk, thus allowing more
targeted counseling support for other families.

Aim

This study aimed to identify the quality of, and reason for,
referral to cancer genetics services, and to explore whether a
clinical 3, 2, 1 family history rule could be used to facilitate
earlier and more appropriate referrals for genetic assessment,
in comparison with conventional single-case histopathologi-
cal criteria.

Ultimately, education of primary care clinicians and tar-
geted education of specialties such as gynecology, colorectal
surgery, and palliative care to improve 1- and 5-year cancer
mortality figures is needed. Increasing detection of FITSS
would reduce premature cancer deaths under the age of 75 by
allowing clinicians to target screening and offer life-saving
interventions if necessary.

Materials and Methods

We undertook a retrospective case review of randomly al-
located active files of 508 patients who were the first referred
family members to a regional cancer genetics unit assessed for
familial cancer risk in the preceding 3 years (2010–2012). We
determined the cause of the referral, exploring its instigation

FIG. 1. Time elapsed between death of the last affected family member and referral to cancer genetics assessment for cases
where all affected relatives were deceased (n = 111 referrals).
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and identifying documented patient concerns and medical
questions asked by the referring clinician. Referring medical
specialty, reasons for referral, family history at point of re-
ferral, and ethnicity were extracted from family history
questionnaires completed by patients on initial clinic ap-
pointments. In cases where all affected patients were deceased
the year/month of death of the last living affected relative was
identified. Referral reasons were categorized and recorded
qualitatively, with methods informed by prior piloting and
development of data collection and entry procedures.

Results

Referral of affected individuals

One-half (51%) of the patients referred to the department
had a family history of breast cancer, 28% colorectal cancer,
10% ovarian cancer, and the remaining 11% other various
tumors. Less than one-third (146, 29%) of referrals were
individuals with an existing cancer diagnosis, allowing the
offer of direct genetic testing and then effective cascading
to appropriate unaffected at-risk individuals in their family.
However, 71% (362) of referrals made for assessment of
familial cancer risk, genetic counseling, and potential

intervention were in unaffected individuals, making analysis
immediately more difficult. Of the 362 referrals, 111 (22% of
total) cases were in families where all affected family mem-
bers were already deceased before the referral was made
(average of 11 years) and 24% of these 111 families had lost
their last remaining affected relative in the 12 months pre-
ceding the referral (Fig. 1).

Cases referred meeting the 3, 2, 1 criteria

Most cases (416, 82%) met at least two of the 3, 2, 1 criteria.
All three criteria points of the 3, 2, 1 rule were met by 301
(59%) cases. Of the 508 cases reviewed, only 18% (92) failed to
meet a minimum of two of the three criteria (Fig. 2)

Sources and reasons for referral

Most (295, 58%) referrals for genetic cancer risk assessment
and counseling originated from primary care rather than from
secondary care sources, with breast-related specialties being
the most likely to refer, and palliative care the least likely
(Fig. 3). Wide ranges of factors were identified as primary
reasons for referral (Fig. 4). These differed in emphasis for
cases from black and minority ethnic groups (BME) (Fig. 5).

FIG. 2. Number of referrals fulfilling the ‘‘3, 2, 1’’ rule criteria.

FIG. 3. Source for cancer genetics referrals.
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Summary of results

Our results demonstrated that in 508 cancer genetics re-
ferrals, 22% (111) of patients with a family history of cancer
were referred when all of the affected members of the family
were already deceased. Of these 111 patients, the referral was
made on average 11 years too late, with 24% of the affected
family members dying within the year prior to referral (Fig. 1).
This suggests that timelier referrals and thus appropriate
testing is yet to be realized.

Discussion

The use of our proposed 3, 2, 1 rule might facilitate signifi-
cantly greater and earlier referrals of patients at risk of FITSS.
Approximately two-thirds of referrals in this study could have
been made earlier. This would reassure ‘‘not at risk’’ family
member and increase the opportunities for more targeted
screening and cancer prevention. Our data suggest that this
simple 3, 2, 1 model could detect a large proportion of eligible
at-risk families in various cancer care settings. With educational

FIG. 4. Reasons for referral across all specialties.

FIG. 5. Reasons for referral across all specialties, comparing BME with non-BME groups.

GENETIC COUNSELING INTERVENTION 1353



support and training, this model could be developed to identify
those who would most benefit from cancer genetics assessment.

One in a hundred people have FITSS caused by the inher-
itance of an alteration in a single gene; however, most of these
individuals are unknown to cancer genetics specialists. Mis-
sed opportunities to prevent and detect familial cancer often
result in young adults with children being diagnosed with
incurable tumors.16 This genetic testing determines whether
the condition is inherited and due to a single mutation, and
helps guide the need for targeted screening and preventative
surgery or chemotherapy that may reduce mortality and im-
prove survival for relatives at risk.17 If tumors are detected at
an early stage, then expensive treatments with high associated
morbidity can often be avoided.18 Examples include breast
screening with magnetic resonance imaging (MRI) for women
at very high risk for breast cancer,19 prophylactic aspirin for
patients at high risk for bowel cancer,7 and aromatase inhib-
itors for certain women at risk for breast cancer.20

This triage system could be used by practitioners throughout
the cancer care pathway, from general practice to palliative
medicine. Although there are a number of opportunities where
pedigree determination and causal analysis could occur
throughout the cancer pathway, this study highlights that this
is not taking place in a consistent manner. Palliative care is
ultimately the last opportunity to identify the affected indi-
viduals where storing DNA would help to clarify risk for
family members, but referrals from this discipline were re-
markably low (Fig. 3). In some families, genetic counseling
about familial cancer risk is beneficial and reassuring. How-
ever, for others who may not have been aware of the risk in-
volved, it becomes a difficult subject to discuss, particularly
when dealing with cancer diagnosis, treatment, or terminal
illness within the family. The question of when and how this
should best be done during cancer care is key for future care
development and recommendations, and in particular requires
qualitative work with patients, families, and health profes-
sionals, in addition to contributions from health psychology,
palliative care, and the wider cancer sector.

The results also demonstrate a significant difference in
reason for referral among BME patient populations compared
with those from other ethnic backgrounds. BME patient
groups were more than twice as likely to be referred following
a recent family member being diagnosed with a malignancy
(43% for BME versus 21% for non-BME patients). BME patient
groups were also more likely to have been referred because of
the recent death of a family member (27% for BME versus 14%
for non-BME). Also of note was that non-BME patient groups
were nine times more likely than BME patient groups to re-
quest referral in order to obtain screening advice. These
findings could help explain the worrying disparity in referral
rates observed nationally to cancer genetics. Current literature
highlights major concerns that individuals from BME groups
are not being referred at a rate in proportion to their popu-
lation size nationally.21 This concern might be considered in
the development of services and educational programs in
primary and secondary care to address variation in referral
rates in our increasingly ethnically diverse populations.

Strengths and limitations

This study of a large, randomly selected patient cohort of-
fers new insights into current practice in cancer genetics

referral and the potential for its improvement. Substantive
data have been gathered retrospectively, but it is recognized
that this process relied on the data being initially recorded in
routine practice from family history questionnaires, referral
letters, and consultation records. Further research using pro-
spective methods, including defined case report instruments,
and across multiple regional sites with additional detailed
exploration of individual contexts and influences on referral
using qualitative research with referrers and patients is now
needed.
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