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Since the discovery of the BRCA1 and BRCA2 genes, and
their association with breast cancer in 1994, their clinical
impact and indeed public notability have increased
exponentially. Traditionally, the provision of testing for
so-called cancer-predisposing germline pathogenic
variants (GPVs) or hereditary genetic mutations, for
example in BRCA genes, has always been the purview of
clinical genetics departments alone. However, due to
rising referrals for such tests and the increased
affordability of the relevant technologies, demand is
now very much outstripping the current system’s
capacity.1,2

In addition, the importance of germline testing
with regard to treatment planning is also becoming
progressively apparent. Various interventions,
including both risk-reducing (prophylactic) surgery3

and, more recently, the use of poly(ADP-ribose)
polymerase (PARP) inhibitors (e.g. olaparib), are
influenced heavily by patients’ BRCA status.
Consequently, surgeons now have more of a direct
interest in ensuring timely testing for their patients
and in accessing their results promptly. These
changes are ushering in a new paradigm for the
structure of BRCA testing, which accounts for the
evolving clinical landscape.

This ‘mainstreaming’ approach is proposed as a
potential means of addressing the current system’s
shortcomings, for example in cases where there is a
confirmed cancer diagnosis. It moves responsibility for
some aspects of the genetic testing process to other
professionals involved in the patient’s clinical care such
as their surgeon or oncologist.1,2 For this reason, it is
becoming increasingly important that these clinicians
are well versed in the underlying genomic science, the
structure of the testing system, and the ramifications of
results for prognostication and planning of
management, be it risk-reducing or therapeutic.
Consistent with this, surgeons have now been added to
the list of requesting specialties for a variety of germline
genetic tests across a range of indications in the
national guidance (Table 1).4

Why mainstreaming?
In practice, a mainstreamed framework would require
surgeons to take partial responsibility when assessing
eligibility for and arranging germline genetic testing of
cancer-susceptibility genes in affected patients. It is
argued that streamlining in this way would improve the
efficiency of the system overall by curbing the instances
of seemingly inexorable delays typically associated with
interspecialty referrals. This, it is hoped, will lead to
shorter referral times for tests, quicker turnarounds for
results and ultimately, a more cost effective structure
with improved outcomes for patients.1

The process would also inevitably involve discussions
between surgeons and patients on the utility of testing,
and the significance of a positive result. In this model,
only those who went on to test positive for pathological
variants or those found to carry a variant of uncertain
clinical significance (VUS) would be referred to clinical
genetics specialists for further counselling and
management planning.1 It is anticipated that this will
help relieve the pressure on these departments by
limiting their involvement to only patients with
confirmed cancer-predisposing GPVs, on whom their
expertise is best focused. The quid pro quo for surgeons
would be facilitating faster and more focused testing, the
results of which are likely to have a direct impact on the
treatments they recommend.

Assessing eligibility for germline genetic testing
(exemplified by BRCA testing in breast cancer)
Current National Institute for Health and Care Excellence
guidelines suggest that breast cancer patients are
candidates for germline BRCA testing if they are deemed
to have a risk of 10% or more of being a carrier of a
BRCA1 or BRCA2 mutation.5 This risk can be
determined using a verified scoring system such as the
Manchester criteria5,6 or BOADICEA (Breast and
Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm),5,7 both of which approximate risk
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based primarily on family history. The online CanRisk tool
from the University of Cambridge is a user-friendly
calculator based on the BOADICEA model, which
clinicians may find helpful and can be accessed after
completing the new user registration form on the website.8

Additional, more detailed eligibility criteria are listed in
the national genomic test directory (section R208).4 These
are not intended specifically for mainstreaming but it is
likely that the ultimate criteria used will be based (at
least partly) on this. The feasibility of mainstreaming in

Table 1 Summary of genomic testing for which surgeons or surgical specialties are listed as requesting clinicians in the NHS national
genomic test directory4

Surgical
specialty

Gene target(s) Criteria
reference

Condition General clinical circumstances on
which testing criteria are based*

Colorectal and
gynaecological

MLH1, MSH2, MSH6, PMS2 R210 Lynch syndrome DNA mismatch repair colorectal or
endometrial tumour and/or relevant
personal/family history

Colorectal Inherited polyposis small gene panel
(currently APC, BMPR1A, EPCAM,
MLH1, MSH2, MSH6, MUTYH, NTHL1,
PMS2, POLD1, POLE, PTEN, RNF43,
SMAD4, STK11)

R211 Inherited polyposis Appropriate personal/family history of
polyps/early-onset colorectal cancer

Gynaecological and
obstetric

CFTR R184 CF Obstructive azoospermia with absence of
vas deferens, or fetal features suggestive of
CF

Gynaecological CFTR R185 CF carrier testing Egg or sperm donor, family history of CF or
both parents of fetus with suspected CF

Gynaecological BRCA1, BRCA2, BRIP1, MLH1, MSH2,
MSH6, PALB2, RAD51C, RAD51D

R207 Ovarian cancer Appropriate personal/family history of
ovarian cancer (without breast cancer)

Gynaecological Karyotype, FMR1 R402 Premature ovarian
insufficiency

Personal history of premature ovarian
insufficiency with biochemical confirmation

Neurosurgery and
urology

VHL R225 VHL disease Appropriate personal/family history of
VHL-related tumours (e.g. cerebellar
haemangioblastoma &lt;60 years)

Neurosurgery SMAD6 R416 Craniosynostosis Confirmed craniosynostosis

Orthopaedic EXT1, EXT2 R390 Osteochondroma History of multiple exostoses

Paediatric RET R177 Hirschsprung’s
disease

Intestinal failure and/or short bowel
syndrome in childhood

Plastic surgery Segmental overgrowth small gene
panel (currently AKT1, AKT3, CCND2,
CDKN1C, PADI6, PIK3CA, PIK3R2,
PTEN, RASA1, SUZ12)

R110 Segmental overgrowth
disorders

Appropriate features that may include
megalencephaly, vascular malformations
and cutaneous features

Surgery
(subspecialty not
specified)

ATM, BRCA1, BRCA2, CHEK2, PALB2,
RAD51C, RAD51D

R208 Inherited breast/
ovarian cancer

Appropriate personal/family history of
breast/ovarian cancer

Surgery
(subspecialty not
specified)

STK11 R212 Peutz–Jeghers
syndrome

Appropriate personal/family history of
hamartomatous polyps and/or Peutz–
Jeghers syndrome features

Surgery
(subspecialty not
specified)

APC R414 APC-associated
polyposis

Children/young adults with APC-associated
features

Surgery
(subspecialty not
specified)

BRCA1; BRCA2 R444 Inherited breast cancer Patients not meeting R208 criteria AND with
current cancer diagnosis for treatment
decisions AND meeting NICE criteria for
adjuvant PARP inhibitor treatment
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germline BRCA testing was first demonstrated by the
Mainstreaming Cancer Genetics programme, which
initially proposed a simplified set of criteria.9 Based at
the Royal Marsden Hospital in London, this group
pioneered the use of mainstreaming in breast and
ovarian cancer patients using these criteria for germline
BRCA testing specifically intended to be more accessible
and easily practicable for non-genetics specialists. The
validity of their eligibility criteria was substantiated by a
three-year prospective study, which demonstrated a 10%
detection rate of BRCA variants in addition to good cost
and time efficiency.10

Criteria for germline BRCA testing have evolved over
recent years and since 2020, the national genomic test

directory has dictated testing standards for breast
cancer-predisposing GPVs throughout the NHS in
England.4 For ease of practice, some breast cancer units
have now agreed that patients must meet one of the first
four or five R208 criteria for mainstreaming purposes
(Table 2), with patients requiring more complex genetic
risk assessments still being referred to clinical genetics
departments. Eligibility criteria in the devolved nations
varies by geographical location.

A more recent study, BRCA-DIRECT, has trialled
the use of a rapid, digital pathway supported by a
specialist genetics hotline, which may represent
mainstreaming’s future direction. Pilot data indicate
high uptake of genetic testing and good satisfaction.11 As

Surgical dentistry Ectodermal dysplasia medium gene
panel or WES (see PanelApp for
current list)27

R163 Ectodermal dysplasia Appropriate abnormalities of hair, teeth or
skin

Surgical dentistry Amelogenesis imperfecta medium
gene panel or WES (see PanelApp for
current list)27

R340 Amelogenesis
imperfecta

Enamel abnormalities

Upper
gastrointestinal

CDH1, CTNNA1 R215 Gastric cancer Appropriate personal/family history of
gastric/lobular breast cancer

Urology BAP1, FH, FLCN, MET, SDHB, VHL R224 Renal cell cancer Appropriate personal/family history of renal
cancer/associated inherited cancer
syndrome

Urology FH R365 Fumarate
hydratase-related
tumour syndromes

Personal history of hereditary
leiomyomatosis and renal cell cancer
meeting appropriate criteria

Urology Y chromosome microdeletions R411 Infertility Male infertility

Urology ATM, BRCA1, BRCA2, CHEK2, MLH1,
MSH2, MSH6, PALB2

R430 Prostate cancer Appropriate personal/family history of
prostate cancer

Urology BRCA1, BRCA2 R444 Prostate cancer Metastatic, castration-resistant prostate
cancer where somatic tumour testing
(M218.1) has failed

CF= cystic fibrosis; NICE=National Institute for Health and Care Excellence; PARP= poly(ADP-ribose) polymerase; VHL= Von Hippel–Lindau;
WES=whole exome sequencing.
*The specific details and criteria are found in the test directory itself.4

Table 2 Eligibility criteria for germline testing of breast cancer-susceptibility genes4

R208 criteria for germline testing in those with a personal history of breast cancer (invasive or
high-grade DCIS) or high-grade ovarian cancer

Germline (heritable) testing of the
following genes:

Breast cancer &lt;40 years OR
Bilateral breast cancer &lt;50 years OR
Triple negative breast cancer &lt;60 years OR
Biological male affected with breast cancer (any age) OR
Breast cancer &lt;45 years AND first-degree relative with breast cancer &lt;45 years OR
Combined pathology-adjusted Manchester score ≥15 or single gene pathology-adjusted score ≥10 or
BOADICEA/CanRisk score ≥10% OR
Ashkenazi Jewish ancestry and breast cancer at any age

BRCA1
BRCA2
PALB2
ATM*
CHEK2*
RAD51C*
RAD51D*
*truncating variants only

BOADICEA=Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm; DCIS= ductal carcinoma in situ
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alluded to already, the national genomic test directory
R208 guidance lists surgeons as one of the
requesting specialties for testing (along with oncologists
and geneticists),4 paving the way for mainstreamed
practice.

Preparing for mainstreaming
How can surgeons prepare for this new era? While
mainstreaming has been introduced in some areas with
minimal reported impacts on capacity, some feel that
rather than surgeons themselves shouldering this
increased work burden, mainstreaming is best enacted
through the establishment of a separate specialist nurse
role to run specific mainstreamed clinics. This has been
trialled in some centres with success,12 and it is possible
that this offers a compromise that best serves both the
interests of patients and the surgeons themselves. It may
be simply unrealistic to expect surgeons (or oncologists
or other clinicians outside genetic services) to make time
in their clinics to have discussions handled previously by
an entirely different, dedicated department. If this is to
be the way forwards, however, business cases may be
required to justify this new role and secure funding.

In any case, bringing genetic testing further upstream
in the clinical timeline will inevitably require surgeons to
have more involvement in (and knowledge of) the testing
process than before. Its implications for risk-reducing
surgery (including in unaffected relatives who are found
to carry GPVs)3 also mean that discussions around
genetic status are increasingly likely to form at least part
of surgeons’ consultations in future.

As mentioned, a key obstacle will be in counselling
patients proactively on the need for genetic investigations
and the significance of potential outcomes as this pertains
to future risk and prophylactic interventions. This is
outside of surgeons’ usual scope of practice and indeed,
evidence shows that it is one of their chief objections to
embracing mainstreaming.13,14 Understanding the
fundamental genetic principles underpinning GPVs is one
thing but many surgeons may feel unequipped to discuss
the nuances of personal and hereditary risk associated
with various test results in a way that is accessible and
patient-centred. After all, this has traditionally been the
role of specially trained genetics counsellors or clinical
geneticists themselves.

One key attempt to address this in breast cancer is the
Mainstreaming Cancer Genetics programme’s own
BRCA toolkit.9 This learning resource consists of online
videos, presentations and answers to frequently asked
questions, which ensures complete familiarity with the
mainstreamed testing process and even provides a
downloadable certificate on completion. The BRCA
toolkit was used as the primary training method at
Imperial College Healthcare NHS Trust when
mainstreaming was introduced there, and led to a
successful implementation with significantly improved
testing uptake and turnaround times.15 Other trusts have

opted to produce their own e-modules, such as at
Cambridge University Hospitals.16 Furthermore, Health
Education England’s GeNotes is a valuable aid for
reacquainting clinicians with the salient genetics
knowledge and relevant referral criteria to allow
efficacious mainstreamed practice.17

For those seekingmore intensive training, anothermore
hands-on training course has emerged in the form of the
TRUSTING (Talking about Risk, UncertaintieS of Testing
IN Genetics) workshop.18 This two-day programme seeks
to demystify pertinent conversations around cancer-
susceptibility gene testing (with a particular focus on
BRCA testing), and to give clinicians the tools to discuss
these issues with their patients confidently and effectively.
This training is seen by its organisers as an essential
prerequisite to facilitating mainstreaming, and has been
shown to be successful in improving knowledge,
communication skills and self-confidence in a cohort of
delegates, 21 of whom were surgeons.19 Similar,
smaller-scale training courses also exist in many centres
where mainstreaming is already being introduced such as
in Nottingham.20

Evaluating mainstreaming and future
perspectives
Surgeons’ understandable caution regarding
mainstreamed genetic testing is well documented21 and
this model will of course require careful implementation.
In addition to the communication challenges highlighted
previously, surgeons may also perceive assuming this
additional responsibility as unsustainable14,21 and as
simply representing a redistribution of current workload
rather than an overall efficiency-saving change. As
discussed, some may feel that this is best addressed by
the formation of an entirely new specialist nurse role. A
further barrier is the complexity associated with variants
of uncertain clinical significance13 although this can be
remedied easily by ensuring that detection of patients
with such variants triggers a referral to genetics services
in the same way known pathogenic variants do.

Despite mainstreaming’s potential pitfalls, it appears
inescapable that the nature of germline genetic testing in
the UK is moving towards direct access to treating
clinicians. In many regions, BRCA testing in ovarian
cancer patients is already mainstreamed owing to the
importance of prompt BRCA status characterisation for
the commencement of PARP inhibitors such as olaparib
in affected patients.12,22,23 Notably, the seminal OlympiA
study has more recently demonstrated the benefit of
adjuvant olaparib treatment in BRCA-positive early
breast cancer patients as well,24 further underlining the
need for expedited, widely available gene testing.
Discussions around the mainstreaming of gene testing in
colorectal cancer patients (e.g. Lynch syndrome/
hereditary non-polyposis colorectal cancer) are also
gaining momentum.25,26
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While teething difficulties are foreseeable and perhaps
inevitable, time will tell whether mainstreaming’s
purported benefits are borne out by the data. Many,
however, see this system as the future of BRCA testing
for breast cancer patients and widening of clinician
access to hereditary genetic testing more generally as the
future direction nationally.
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