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INTRODUCTION
Increased knowledge about the genetic basis of cancer may 
enable more personalized health care for cancer1 that is tailored 
to the characteristics of the individual rather than the aver-
age population. Although more attention has been paid to the 
implications of this development for treatment, it is likely also 
to change the way preventive strategies such as screening are 
arranged, with screening interventions adjusted to reflect each 
person’s level of risk. Such risk-stratified population disease 
prevention would have important implications for how screen-
ing is organized, how the generated information is handled, 
and the ethical, legal, and social issues that are raised. Although 
there is a growing body of literature about the potential clinical 
utility of genomic risk-stratified screening,2–4 there is little pub-
lished analysis of the public health implications of population 
disease prevention strategies that use genomics.

How would stratified screening work? Genome-wide asso-
ciation studies have identified susceptibility variants that are 
common in the population, but each variant confers only a 
small increase in disease risk.5,6 Studies have reported that the 
addition of risk information from these common susceptibil-
ity variants to established risk models, such as those of Gail or 
Tyrer-Cruzick, may lead to better discrimination,7–10 that is, 

they may improve the ability of the model to correctly rank the 
degree of risk in an individual relative to that of the population 
as a whole. However, this is not enough. To be suitable for use, 
a risk-stratification model must have adequate discrimination 
and calibration (accurately estimating the population’s average 
risk); it must also have clinical utility, which includes produc-
ing risk distributions for categories of people that are separated 
widely enough to justify different management of each category 
and so as to improve outcomes overall. Many risk alleles acting 
together may result in a distribution of risk in the population 
wide enough to be clinically useful for population stratifica-
tion.11 Whether polygenic models will in fact satisfy this cri-
terion is uncertain, but this will need to be shown before the 
approach is implemented.

To explore the potential of this approach, we previously mod-
eled the efficiency of a personalized approach to screening for 
prostate and breast cancers based on age and polygenic risk 
profile compared with the standard approach based on age 
alone and reported the results elsewhere.4 We found that a per-
sonalized strategy may reduce the number of people eligible 
for screening, whilst detecting the majority of cases identified 
through age-stratified standard screening, making this strategy 
potentially more effective than the present age-stratified breast 
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cancer screening. In addition, we reported that this type of per-
sonalized preventive strategy (e.g., personalized screening) has 
the potential to detect cancer in younger subjects at higher risk, 
may be more cost-effective, and may reduce harms of popula-
tion screening through reduction of false-positive results, over-
diagnosis, and overtreatment. Those at lower than average risk, 
who would otherwise be screened and exposed to investigations 
such as mammograms, prostate-specific antigen tests, and tissue 
biopsies in the age-stratified system, might avoid screening in 
a risk-based system because their low risk did not justify these 
interventions. We did not include highly penetrant variants 
(e.g., BRCA 1 and 2) in our model and therefore did not discuss 
issues related to people detected with such variants. People with 
such variants already follow established detection and care path-
ways, and the strong heritability of these alleles means that risk 
assessment and treatment raise different issues for individuals 
and family members.

There is further evidence that a collection of susceptibility 
variants may help to stratify the population into risk categories 
that can guide screening delivery programs. So and colleagues3 
found, through modeling, that inclusion of genetic information 
of known susceptibility variants in a risk-prediction frame-
work helps to refine risk and suggested that stratifying people 
into risk categories may be useful in targeted prevention and 
screening. Similarly, Hawken et al.2 performed analyses using 
both simulated and empirical population data to show signifi-
cant predictive utility of genomic risk–stratified screening for 
colorectal cancer. Future research is likely to help in developing 
comprehensive risk-prediction models for breast and prostate 
cancers that would include the effects of environmental, life-
style, family history, and other biomarkers and hormonal fac-
tors, alongside age and a polygenic risk profile incorporating 
further new variant information. This would possibly enable 
an even more precise individual risk assessment and therefore 
facilitate a truly personalized strategy for prevention of breast 
and prostate cancers in the population.

Personalized risk assessment using polygenic profiles can be 
used for primary and secondary prevention. Primary preven-
tion could involve the use of endocrine drugs12,13 and/or modi-
fication of lifestyle to reduce weight and increase physical activ-
ity,14 although the value of the latter approach is still not clearly 
established. For secondary prevention, genomic information 
could help triage individuals to risk categories that form the 
basis for different types and intensities of screening,2 including 
an earlier screening.3 Provision of risk information may also 
increase the uptake of existing screening methods.2,15 There is 
ongoing empirical work, in a population-based pilot study, to 
improve risk prediction using single-nucleotide polymorphism 
information and to evaluate whether preventive strategies (e.g., 
risk-reducing counseling, weight loss, cessation of hormone 
therapy, referral for short-interval screening, chemopreven-
tion, and dietary changes) can be targeted at high-risk women 
already undergoing breast cancer screening.16 Results from this 
study confirm the feasibility of determining high-risk individu-
als and targeting prevention strategies in these individuals.10

In the future, intervention strategies such as risk-stratified 
screening followed by personalized risk-reduction interven-
tions may replace or complement the present system of pop-
ulation screening for complex diseases such as breast cancer. 
The benefits of a personalized prevention strategy may also 
encourage the establishment of new screening programs for 
other conditions such as prostate cancer. Therefore, a timely 
assessment of the scientific, ethical, and practical uncertainties 
about whether and how to provide stratified cancer screening 
using genetic markers is essential. To explore the wider impli-
cations of using genomic and other information in risk stratifi-
cation for breast and prostate cancers, we organized two multi-
disciplinary expert workshops. In this article, we discuss issues 
that are likely to be important when considering incorpora-
tion of genetic information into population cancer prevention 
strategies.

APPROACH
In July 2010 and July 2011, on behalf of the multicenter 
Collaborative Oncological Gene-environment Study (COGS) 
(http://www.cogseu.org/) funded by the Seventh Framework 
Programme of the European Commission, the Foundation 
for Genomics and Population Health (PHG Foundation) in 
partnership with the University of Cambridge (Work Package 
7 of COGS) convened two expert workshops to discuss the 
implications of using genetic information and risk stratifica-
tion in personalized screening for breast and prostate cancers. 
Those attending the workshop included international leaders 
in oncology, breast screening services, clinical genetics, eth-
ics, health service policy, public health, and lay representa-
tives. The participants, who were selected for their expertise 
and interest in this field, were from the Karolinska Institute, 
the International Agency for Research on Cancer, Queen 
Mary University of London, Southampton University, the 
Institute of Cancer Research and Royal Marsden Hospital, 
St Mary’s Hospital, University of East Anglia, the Spanish 
Association Against Cancer, Erasmus MC, The Times news-
paper, VU University Medical Center, Cambridge University, 
Moncton and Sherbrooke Universities, Hughes Hall Centre 
for Biomedical Science in Society, Addenbrooke’s Hospital, 
Harvard School of Public Health, Princess Anne Hospital, 
European Academy, Warwick University, the National 
Human Genome Research Institute, RAND Europe, the 
National Health Service cancer screening program, University 
of Nottingham, St George’s Hospital Medical School, Jill 
Rogers Associates, CPO Piemonte and S Giovanni University 
Hospital, the PHG Foundation, Newcastle University, 
University of Hertfordshire, Karolinska University Hospital, 
and University of Leicester.

In the first workshop, the participants engaged in working 
groups and panel discussions to explore and identify issues 
related to the question “what are the issues around using risk 
stratification based on individual risk prediction models to tar-
get population–based screening and prevention programs?” 
Hexagon modeling, a systematic technique developed by Idon 
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(Pitlochry, Scotland, UK),17 was used to brainstorm, capture, 
and prioritize the expert opinions of the group and recorded 
87 viewpoints offered by participants under 11 broad themes 
(Box 1).

These themes were then discussed in small groups, and sev-
eral questions were generated. The delegates finally voted for 
and prioritized five key questions relevant to the original open 
question (Box 2). The prioritized questions encompassed as 
fully as possible the viewpoints discussed and represented areas 
for development before the next workshop.

At the second workshop, reports on various service deliv-
ery approaches, the age at which genetic sampling should be 
offered, and a report on risk perception, communication, and 
response were presented to and discussed by a similar group 
of multidisciplinary experts. Discussions in the second COGS 
workshop mainly centered on service planning, competences, 
and communication issues. The various issues, related to pub-
lic health implications of incorporating genomic information 
in breast and prostate cancer screening, identified through the 
first and second COGS workshops are outlined in Figure 1.

In the second COGS workshop, issues related to the use of 
risk-stratified screening for preventing breast and prostate can-
cers were identified in six areas: the need for evidence of bene-
fits and harms; complexities in using genetic information; when 
and how to do a risk assessment; organization and delivery of 
a personalized screening program; ethical, legal, and social 
issues; and issues of public engagement and understanding. 
These themes, which were further developed in Work Package 
7 of COGS, are discussed in this article.

THe NeeD FOR eVIDeNCe
Evaluation of stratified screening requires answers to two main 
questions: how suitable for use is the risk-prediction model, 
and what is the effectiveness and cost-effectiveness of stratified 
screening versus conventional age-stratified screening?

Evidence related to components of risk assessment includes 
analytic and clinical validity of genotyping and phenotyping 
elements. The evaluation of these components of a risk model 
requires evidence that average risk is accurately estimated (cali-
bration) and that the model ranks an individual’s risk in the 
correct order, accurately labeling people as to their degree of 
risk in relation to that of the population as a whole (discrimi-
nation). There is evidence through modeling that inclusion of 
risk information from common susceptibility variants to estab-
lished risk models help to refine risk,10 improve performance 
of risk models,18,19 and may lead to better discrimination.3 
Moreover, there is analysis of population data that shows signif-
icant predictive utility of genomic risk–stratified colorectal can-
cer screening.2 Modeling also shows that personalized screen-
ing strategy based on age and polygenic risk may potentially 
reduce the number of people eligible for screening, detecting 
the majority of the cancers identified through an age-stratified 
screening program (including those in younger people), or, 
alternatively, may detect a greater number of cases if the same 
number of individuals is screened, as in the age-based screen-
ing of breast cancer in the United Kingdom.4 If fewer indi-
viduals are screened, there may be a reduction in the potential 
harms associated with screening. However, this modeling does 
not estimate the expected number of cases detected follow-
ing a screening program that would depend on the screening 
program sensitivity, which in turn depends on interscreening 
interval, screening test sensitivity, etc.4 If uptake or increased 
uptake of screening among those considered to be at high risk 
is the goal of risk-stratified screening, it is essential to know the 
point at which an offer of screening, or increased uptake does 

BOx 1: Themes associated with public health implica-
tions of stratified cancer screening generated in the first 

COGs Work Package 7 workshop

•	 Research and evidence
•	 Unresolved issues of evidence in ethnic minorities
•	 Principles and tools in decision making about service 

 delivery
•	 Service deliveries and organizational issues
•	 Cost-effectiveness of risk-stratified screening
•	 Professional training and competences required
•	 Rights and ethics
•	 Age at which genetic testing is conducted
•	 Insurance and protection of individuals
•	 Risk perception and risk communication
•	 Response of individuals to positive risk assessment result

COGS, Collaborative Oncological Gene-environment Study.

BOx 2: Questions prioritized by experts participating 
in the first COGs Work Package 7 workshop

•	 What are the ranges and scenarios of service models 
(e.g., genetic testing at birth versus testing at the point 
of entering screening) that can be identified and what 
are the main drivers for their development (e.g., cost of 
genome sequencing)?

•	 Which feasible service delivery option of risk-based 
screening offers the best balance between benefit, 
harms, and cost?

•	 How can we make sure that other major ethnic groups 
are represented fairly in research work oriented around 
risk prediction?

•	 Can genetic testing of children for risk prediction of 
common cancers (e.g., breast cancer) ever be justified?

•	 What do we know about how people perceive risk, 
how best to communicate to them their risk status, and 
how they respond to their risk assessment results?

COGS, Collaborative Oncological Gene-environment Study.
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more harm than good. There are uncertainties such as how test 
sensitivity will compare between younger and older subjects at 
the same absolute risk; the complex interaction between disease 
risk, age, tumor subtype, behavior, and natural history of the 
cancer; and whether the optimal threshold risk for one popu-
lation is applicable for other populations with different cancer 
incidence. Therefore, although modeling can provide estimates 
of benefit and harm, evidence from empirical data is required to 
decide whether the true benefits of screening outweigh the true 
harms. For evaluation of the screening elements of the program, 
benefits in terms of reduction in morbidity and mortality must 
be weighed against the harms or costs, including complications 
of clinical investigations, anxiety over abnormal results, overdi-
agnosis, and even treatment of false-positive results. This is true 
for both age-stratified and risk-based screening. However, in 
risk-based screening, the evidence for each population stratum 
must be assessed in order to reach an aggregate value for the 
population as a whole.

For both sets of evidence, assumptions on effectiveness 
and cost-effectiveness based on results of modeling must 
be backed by evidence of scientific validity and clinical util-
ity from systematic empirical research, such as pilot stud-
ies or clinical trials. Large-scale studies like COGS, with over 
200,000 participants, use knowledge of genetic susceptibility 
from genome-wide association studies and its interaction with 
environmental/lifestyle factors for a more accurate individual 
risk prediction. KARMA (Karolinska Mammography Project 
for Risk Prediction of Breast Cancer) (http://karmastudy.
org/) is a breast cancer cohort study involving 100,000 people 
in Sweden. In addition, other ongoing studies are assessing 

utility, feasibility, and acceptability of risk stratification, and 
intervention strategies for those at high risk. Early results from 
PROCAS (Predicting the Risk of Cancer At Screening), the 
largest study of its kind in the United Kingdom, indicate the 
feasibility of determining breast cancer risk using genomic and 
other information and of offering risk-reduction interventions 
to high-risk individuals within the context of an age-stratified 
screening program.16 Results from these studies and other ran-
domized trials, as well as analyses of the implications, will be 
invaluable when deciding whether there is a sufficient evidence 
base for the implementation of population prevention strate-
gies based on individual risk.

The cost-effectiveness analysis for risk-stratified screen-
ing as compared with age-stratified screening, particularly in 
the absence of data on variation of cancer detection rate and 
response to treatment by absolute risk threshold, is quite a chal-
lenge and is not within the scope of this article. However, cost–
utility analysis using a suitable method of economic evaluation 
(such as decision modeling) and probabilistic sensitivity analy-
sis may be useful approaches in the absence of data on variation 
of cancer-detection rate and response to treatment by absolute 
risk threshold. Cost-effectiveness analysis will need to take into 
account not only the direct costs of screening and treatment, 
but also those of collecting and managing risk-based informa-
tion. These analyses will vary across health systems as well as 
target populations, disorders, and the type of risk-stratified 
screening delivery. With the current modeled cost estimates of 
genetic profiling, personalized screening is unlikely to be cost-
effective as compared with age-stratified screening. However, 
an increase in the number of known susceptibility variants 

Figure 1 Issues related to public health implications of incorporating genomics in screening, explored through COGs WP7 workshops. COGS 
WP7, Collaborative Oncological Gene-environment Study Work Package 7.
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will result in improvement of the efficiency of the personalized 
screening programs. Moreover, there may be reductions in the 
number of individuals eligible for screening if risk-stratified 
screening is introduced, resulting in relatively fewer screening 
tests and further investigations, as well as fewer interval cancers 
and overdiagnosis.4 These factors, in addition to the expected 
decrease in the cost of genetic profiling, may result in improve-
ments in the cost-effectiveness of personalized screening.

THe Use OF GeNeTIC INFORmATION
The prospect of acquiring and using personal genetic infor-
mation as part of a population-based screening program gives 
rise to several concerns, such as discrimination and stigmati-
zation.20 These must be fully weighed during design and pilot 
phases, and managed and re-evaluated within any implemented 
program. Genetic information is often regarded as having spe-
cial status. It is present at birth and is perceived as immutable 
throughout life; it is closely linked with an individual’s identity 
and may be used as an identifier (e.g., for forensic purposes). It 
can predict risk of disease with greater or lesser degrees of cer-
tainty; it can provide information about family members; and it 
may be used to discriminate unfairly between groups or even to 
unjustifiably stigmatize individuals.20,21

The complexities of using genetic information within a medi-
cal context have been dealt with at length, and good practice 
guidance has been developed.22 Any proposed stratified screen-
ing program must consider in detail the relevance of the many 
concerns about genetic information, taking into account the 
technologies that will be used, the implications of the data gener-
ated, and its subsequent handling. Important issues will include 
the need for explicit consent for undertaking analysis of DNA; 
whether the data generated can, or should, be used for other pur-
poses; the possibility of generating incidental findings and how 
these should be dealt with; whether the information is relevant 
for family members and, if so, whether and how it would be 
shared; whether the data would be stored and, if so, with what 
safeguards; and who might have access, including the individual, 
their family members, employers, insurance companies, crimi-
nal justice agencies, and researchers. All of these issues must be 
resolved in the program’s design and implementation to the satis-
faction of the public, professionals, and policy makers.

RIsK AssessmeNT
Many practical and ethical, legal, and social issues center on the 
application of the tool for risk assessment. The components of 
the tool are likely to include at a minimum: genetic and other 
biomarkers; a data set of personal, clinical, and family history; 
reproductive information; and environmental or lifestyle fac-
tors. Whereas the genetic markers will be constant and so could 
be analyzed at any age, nongenetic information will change 
over time. The screening program therefore needs to determine 
when both types of information will be gathered and whether 
data collection should be repeated. This raises a number of 
questions, including what should the age for genetic testing be? 
When should the dynamic data set be constructed and how it 

will be updated, if at all? When and how will the information be 
integrated to produce a risk assessment “score” that can be used 
for stratification and the setting of decision thresholds?

The genetic information could, in theory, be determined at 
any age. However, the workshop participants thought that it was 
important to examine the possibility that testing could be done 
in childhood, for example, as part of a newborn screening pro-
gram, with risk assessment done at a later stage. We examined 
this issue in detail. We considered a range of issues, including 
how testing at an early age might compromise future autonomy, 
thresholds for requiring consent or assent from children and 
young people, and how disagreements between parents and 
children should be managed. Early sampling might reduce the 
scientific validity of the risk assessment process, if there is no 
further opportunity for gathering additional information closer 
to the time at which participants were invited for screening. 
Overall, taking into account the ethical, legal, and social issues 
that might arise, participants agreed that, although genetic test-
ing in early life might maximize coverage and uptake, it may 
be preferable to wait until individuals reach adulthood before 
offering sampling for adult-onset conditions.

THe ORGANIZATION AND DeLIVeRY OF 
PeRsONALIZeD sCReeNING PROGRAms

A risk-stratified screening program will add new complexities 
to the health system and will need careful planning and quality 
control measures. Health systems with an authoritative body to 
oversee, monitor, and to ensure the quality of the risk-based 
screening program are likely to manage the introduction of 
stratified screening more effectively. They will be able to put in 
place clinical policies and care pathways supported by a reliable 
organizational infrastructure. In decentralized systems in which 
within-country variability in providing risk-based screening 
services may be expected, centralization of all decision making 
about risk-based screening through a national system may be 
desirable. This approach may be aspirational and possibly not 
feasible; however, an easily accessible national guideline may 
assist providers of the risk-stratified screening service. For the 
purpose of this article, the breast cancer screening system of a 
centralized health system such as that of the United Kingdom is 
used as an example.

We have specified three possible approaches to the manage-
ment of people once the results of a stratified risk assessment 
are available (detailed in Appendix). There are other approaches 
involving more risk categories, but the ones we mention may 
provide a basis for initial thinking by policy makers and others 
(see Box 3).

The approaches involve modifying the number of lifetime 
screening invitations according to risk. People at higher risk 
are more likely to be detected with a cancer when under 
screening surveillance; assuming that the prognosis of can-
cers is the same across risk categories, those people poten-
tially have more to gain from each round of screening. The 
advantages for people at lower risk, who will participate in 
fewer or even perhaps no screening rounds, include: less 
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inconvenience and discomfort, less anxiety, less radiation, and 
perhaps a lower risk of overdiagnosis. Therefore, reducing the 
number of rounds in which someone at lower risk participates 
may be of benefit to them and to the system because the costs 
will be lower. For those outside the current age group who 
would not otherwise be screened in an age-stratified system, 
screening brings some concomitant harms, including extra 
costs and higher risks of false-positive results, overdiagno-
sis, and overtreatment. Therefore, depending on the type of 
approach to management after risk stratification, there may be 
implications for those inside or outside the current age range 
of breast screening.

New organizational features, such as personalized risk com-
munication and targeted intervention strategies, would need 
to be integrated into existing screening programs. In the first 
instance, appropriate systems for inviting and recalling people 
for risk assessment and screening need to be in place. Second, 
there should be a standard protocol for taking consent, genetic 
sampling, and use of a standardized risk assessment tool to 
integrate the individual’s genetic data with his or her environ-
mental, lifestyle, and hormonal data. Third, the level of risk of 
cancer will dictate the care pathway followed, with different 
pathways to follow according to an agreed number of risk strata, 
as described above. For example, Howell et al.16 reported that 
their model predicts that high-risk women should be screened 
every 15 months, intermediate-risk women every 3 years, and 
those at low risk could be screened every 6 years.

For a risk-stratified screening program, the development of 
clear communication methods suitable for conveying genetic 
information to the public is essential. For example, invitation 
letters may contain information about the various risk catego-
ries, the benefits and harms, and what to expect at different 
stages of the process. When consent is required, opt-in and opt-
out principles should also be taken into account. As with all 
screening programs, there will be some who do not wish to par-
ticipate. The program therefore may not only need to manage 
these individuals and those at low or average risk but also man-
age those who wish to take a nonstandard route, for example, 
people who choose private risk assessment but seek subsequent 
medical support from a tax-funded health-care system. In addi-
tion, an individual’s risk of developing cancer may change over 
time due to medical, lifestyle, or family history changes, which 
the program will need to accommodate.

Before the implementation of a stratified screening pro-
gram using genetic information, some health professionals will 
require additional competences. They may need to develop 
proficiency in conducting a suitable risk assessment of partici-
pants. This may involve training in: the use of computer-based 
tools; in communicating risk scores, and limitations of screen-
ing to individuals, and in relevant ethical issues. Individuals at 
lower risk will need to be informed that they may still develop 
cancer, as is the case with screen-ineligible younger individu-
als who are considered to be at low risk under the current UK 
system. This highlights the need for clear and informative deci-
sion aids to help service users to understand a risk-stratified 

BOx 3: Approaches to managing people after 
 stratified risk assessment

APPROACH 1: INTENSIFIED SCREENING AND MANAGEMENT 
FOR THOSE AT HIGHER-THAN-AVERAGE RISK

•	 This approach aims to use risk stratification to identify and 
offer intensified screeninga to those at higher risk. “Inten-
sified screening and management” denotes a range of 
modifications to the standard approach, such as patient 
education, starting screening at a younger age, cessation 
of screening invitations at a later age, use of additional 
screening tests, and prophylactic treatments. The goal 
would be to make earlier diagnoses in those with higher 
rates of diagnosis of curable cancers and offer the potential 
for more effective earlier treatment, and so improve their 
prognosis.

•	 People whose risk was estimated below the threshold for 
intensified screening would be screened and managed as 
if they had not had individualized risk screening, following 
the standard screening pathway.

APPROACH 2: REDUCED INTENSITY SCREENING FOR THOSE AT 
LOWER-THAN-AVERAGE RISK

•	 This approach aims to use risk stratification to identify and 
offer reduced-intensity screening to those at lower risk. Re-
duced intensity denotes a range of modifications of standard 
screening that could include starting screening at a later age, 
use of fewer tests, and cessation of screening invitations ear-
lier than in people at high or average risk. The goal would be 
to protect people to whom screening offers least advantage 
from its risks and harms, and to reduce costs.

•	 People whose risk was estimated above the threshold for 
reduced intensity screening would be screened and man-
aged as if they had not had individualized risk screening.

APPROACH 3: MORE FULLY STRATIFIED

•	 The approach combines the first two approaches, aban-
doning the age-stratified approach to screening altogeth-
er. The resulting individual risk estimates would be used 
to assign all participants to a screening pathway based on 
their individual risk. Such protocols would involve more- 
or less-intensified screening for those at higher or lower 
than average risk. The present standard approach, based 
on age alone in the case of breast cancer screening, would 
be discarded altogether.

aThe approaches are presented as modifications to an existing screen-

ing program, e.g., breast mammography. If a new screening program 

was established, e.g., prostate cancer, then approach 1 would involve 

only offering screening to people at high risk.
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screening process. However, this may mean that we need to 
provide service users with information about basic genetic con-
cepts as well.

Some workshop experts believed that genetic risk assessment 
should be treated like any other biometric test, with individuals 
managed in the way of other programs that use nongenetic tests. 
Nevertheless, there is a consensus that genetic information may 
sometimes give rise to discrimination and stigmatization, in the 
way that other sensitive nongenetic information such as HIV 
status may do, particularly if accessed by third parties. Thus, 
how and when genetic samples and data are acquired, stored, 
and used deserves particular attention.

Women at a higher risk of breast cancer may be offered vari-
ous tailored intervention strategies, including intensive sur-
veillance and a different pattern of screening tests, including 
mammograms or magnetic resonance imaging, specific lifestyle 
advice, or even prophylactic measures such as chemoprevention 
or surgery. However, as with all screening programs, the ben-
efits of screening tests must outweigh the harms. In addition, 
appropriate referral systems are needed, with access to genetic 
counselors and specialists for individuals who require them.

In the context of policy change, although there may be several 
ways to approach the delivery of risk-stratified screening, there 
was consensus from experts that it might be easier to change 
policy in a direction that was perceived as an addition to the 
current screening program of the country rather than denying 
users access to pre-existing services. For example, in the United 
Kingdom, it may be preferable to screen younger women (<47 
years) at higher risk of developing breast cancer in addition to 
the present age-stratified system of screening all those who are 
47–73 years of age, rather than to screen only high-risk women 
between the ages of 35 and 79 years. Introducing stratified 
screening in this way may be perceived as more acceptable to 
both the lay public and stakeholders than removing access to 
pre-existing services for those who currently meet age-based 
eligibility criteria. However, even the approach of screening 
only high-risk women between 35 and 79 years of age may be 
appropriate if it is acceptable to the public and there is strong 
evidence of overall benefit. On the other hand, introducing a 
new screening program, such as that for prostate cancer, which 
may only offer risk-stratified screening, may be less controver-
sial. The decision to implement one of the several approaches 
to risk-stratified screening (see Box 3) discussed previously 
will depend on various practical issues, including information 
from empirical studies comparing the approaches in relation to 
acceptability by the public and the stakeholders, effectiveness, 
cost-effectiveness, and scientific evidence including clinical 
utility. Other organizational issues will include where and how 
screening is to be offered, who will provide it, how to explain 
and publicize the screening program, how to coordinate care, 
and how to manage long-term follow-up.

eTHICAL, LeGAL, AND sOCIAL IssUes
The prospect of personalized screening using genetic informa-
tion raises questions for individuals and for society. Perhaps the 

greatest challenge is to enable individuals to make autonomous 
and informed decisions about participation without overload-
ing them with complex information.23 Relevant information will 
include the potential risks and benefits, grounds for inclusion or 
exclusion from screening, and subsequent referral and treatment. 
Some of the risks and benefits might be hard to gauge, such as 
the extent to which those with positive results in risk assessment 
might show fatalism and the extent to which those with lower 
genetic risk scores might indulge in more unhealthy behaviors or 
lifestyles.24 Identifying adverse gene variants in otherwise healthy 
individuals might be associated with longer-lasting psychologi-
cal impact, and communicating these risks in a way that can be 
understood by everybody may be a considerable challenge.25

In the case of risk-based screening, the call for screening may 
be interpreted by third parties such as insurers and employers 
as a proxy for elevated risk status. Underwriters may use this 
information as a basis for setting higher insurance premiums. 
In some countries, legislation or moratoria exist that exclude 
the results of predictive genetic testing from insurers’ consid-
eration except in specified circumstances.26 The moratoria are 
reviewed periodically, and because of their temporary nature, 
there are concerns that they do not provide sufficient protection 
against discrimination.

The introduction of personalized screening programs could 
also be seen as undermining the principles of solidarity and 
fairness on which current screening programs that offer univer-
sal coverage are based.27 Moreover, the complexities inherent in 
personalized assessment could lead to a lack of engagement and 
uptake among people from certain ethnic28 and lower socio-
economic groups.29 Therefore, active communication strate-
gies and quality assurance processes will be needed to mitigate 
any exacerbation of existing inequalities. Issues of distributive 
justice may become less pressing once genetic variants become 
more widely used in multiple preventive programs.

PUBLIC eNGAGemeNT AND UNDeRsTANDING
Although the public’s understanding of genetics differs from 
that of health-care professionals and other experts,30,31 lay indi-
viduals generally support the use of genetic information and 
genetic testing32 to improve the prevention, diagnosis, and 
treatment of disease.33 Tailored and personalized risk commu-
nication may increase lay knowledge and modify risk percep-
tion;15,34 therefore, health professionals may need training so 
that they can convey the most important risks and benefits of 
screening in a way that aids comprehension.

There is evidence in the literature of increased uptake of 
screening tests such as mammography after an intervention 
of personalized risk communication (e.g., of their individual-
ized risk status) as compared with general risk communication 
(e.g., of population risk estimates or general information).15,35 
In studies in which categorized risk score (e.g., high, medium, 
and low risk) was communicated, such increase in uptake 
seemed more pronounced among individuals who were told 
that they were at high risk.15 However, the extent to which the 
medium-risk group experienced increased uptake of screening 
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is not clear. Such assessments would be important for decision 
making by policy makers, because a two-category approach 
(i.e., high and low risk) to risk assessment might be more 
efficient if the primary goal is to increase screening uptake 
in those at high risk. Nevertheless, there is a lack of empirical 
evidence about public opinions or preferences with regard to 
specifically risk-stratified screening, including whether people 
wish to know their individual risks of developing cancer or 
whether knowledge of risk influences participation in screen-
ing programs or behavior change. Further research is needed 
to determine how risk-stratified screening might be imple-
mented. Important questions include clarifying the best way 
of providing information, identifying the possible needs of dif-
ferent ethnic or religious groups, and sources of possible bias 
including the trustworthiness and reliability of those deliver-
ing risk estimation and screening.

Conclusion
It cannot be emphasized enough that further empirical research 
is needed to provide evidence for scientific validity and clini-
cal utility before risk-stratified screening programs can be 
implemented. Nevertheless, in the future, new knowledge 
about genetic susceptibility as well as technical advances and 
improved routes of access are likely to propel personalized 
prevention into health care. This signals future change and the 
adaptation of public health policies and prevention programs. 
Therefore, the timely analysis of the wider implications of using 
genomic information for risk-stratified screening in the context 
of cancer prevention is important. This article has highlighted 
some key challenges and identified a number of unresolved 
issues, including the age at which genetic testing should take 
place, the organizational complexities of service delivery, the 
potential for discrimination by third parties, risk communica-
tion, and the acceptability of this strategy to the public. Despite 
these and other uncertainties, we conclude that health profes-
sionals and stakeholders should be encouraged to embrace the 
new wave of genomics in preventive medicine and prepare for 
a more personalized health-care approach that may predict and 
prevent diseases more effectively.

APPeNDIx: DeTAILs OF APPROACHes TO 
mANAGemeNT AFTeR RIsK sTRATIFICATION

Approach 1: Intensified screening and  management for 
those at higher-than-average risk
The intensification of prevention could take several forms. 
Using breast screening as an example, the following methods of 
intensification exist:

Modifications to screening
•	 Enhanced information to promote informed consent: 

Women at higher risk are likely to gain more from par-
ticipating in the standard population screening program. 
This additional advantage could be explained in specific 
information and publicity, alongside the risks and dis-
benefits, targeted to those at higher risk and reinforced 

through clinical counseling provided as part of primary 
care or in a stand-alone screening service.

•	 Increasing the lifetime screening period: Screening of 
women at higher risk could start at an earlier age and/
or end at a later one, providing extra opportunities for 
tumor detection and conferring modestly increased risks. 
Because the probability of finding a tumor outside the 
usual screening age group is higher in these women, this 
might improve the effectiveness and cost-effectiveness of 
the intervention compared with women at normal risk. 
Further analysis would be necessary to confirm this and 
set appropriate age limits. Increasing the lifetime number 
of mammograms would inevitably cause increased radia-
tion exposure, which itself could be carcinogenic. The bal-
ance of benefits of earlier detection in some women would 
need to be balanced against the risks of such exposure.

•	 Additional or alternative screening tests: For example, mag-
netic resonance imaging may be a more sensitive means 
of detecting breast cancers that, although not suitable as a 
replacement for X-ray mammography in population screen-
ing, might be useful as an adjunct in high-risk women.

Variations in preventive interventions for those at higher-
than-average risk

•		 Lifestyle modification: Some lifestyle factors such as body 
mass index and diet affect the risk of breast cancer. More 
intensive efforts to alter lifestyle would be of value to women 
at higher risk, and could be supported by health services.

•	 Chemoprevention: The selective estrogen-receptor mod-
ulators tamoxifen and raloxifene are sometimes offered 
to high-risk women to reduce the risk of the develop-
ment of breast cancer. Better individualized risk predic-
tion would enable better targeted chemoprophylaxis as 
an adjunct to screening.

Chemoprevention adds costs, medicalizes people, and 
brings a different balance of harms and benefits. Lifelong 
management of chemoprophylaxis will involve dealing with 
drug interactions, long-term side effects, and circumstances in 
which the development of comorbidity indicates that chemo-
prophylaxis should cease.

•	 Prophylactic surgery: For those at very high risk, other 
options such as prophylactic mastectomy could also be 
offered. Although this carries the risks of surgery and poten-
tially a reduced quality of life, some women may prefer this 
to less invasive options on the grounds that it minimizes the 
risks of developing a primary or secondary cancer.

Approach 2: Reduced intensity screening and management 
for those at lower-than-average risk
Under this approach, screening intensity could be reduced by 
adjusting some of the elements intensified in approach 1, but 
in the opposite way. Screening could start later, finish earlier or 
occur less often; information on the relative lack of advantage of 
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screening to those at lower risk could be provided. In people at 
the lowest risk, the disadvantages of screening may outweigh its 
benefits to the extent that that they could be advised to avoid it 
altogether. If the cost-effectiveness of screening low-risk people 
was unacceptably low, then policy makers would need to con-
sider whether to offer it at all. These modifications to the stan-
dard approach would also need evaluation before their wide-
spread introduction.

Approach 3: more fully stratified
This approach is the most finessed of the three, maximizing the 
potential of stratification to tailor closely the offer of screening 
to the risk faced by each individual. It would also entail detailed 
consideration of which elements of screening and management 
should be adjusted, and in what way, to ensure maximum clini-
cal utility within each risk cohort. Once again, these modifica-
tions would also need evaluation before their introduction.
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