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RISK STRATIFICATION is a well-known 
concept to clinicians and is routinely practiced 
in clinical care. Novel means to risk assess our 
healthy patient population, however, are constantly 
evolving, especially with the growth of our 
ability to process and analyze big data and the 
subsequent development and customization of 
risk stratification tools. These advancements are 
also making steps towards medicine becoming 
ever more precise and personal – where we once 
might have stratified an adult’s risk solely on 
his or her age and family history of disease, we 
are now able to improve that stratification with 

multiomic-approaches. By refining markers of risk 
for a disease, we can improve characterization of 
risk that leads to improved surveillance and access 
to preventive medications in pre-symptomatic 
populations before disease onset.

Phenogen’s geneType  
Risk Prediction Suite
Phenogen’s geneType is a suite of risk assessment 
tools that integrate common genomic markers of 
risk with traditional epidemiological risk factors, 
resulting in a net improvement in stratification 
over traditional risk assessments. Testing is 

carried out within Genetic Technologies’ in-house 
CLIA-certified and NATA-accredited laboratory 
(part of the Phenogen Sciences Laboratory). 
Genotyping is platform-agnostic; our assays 
are currently carried out on a custom Illumina 
Infinium array and the proprietary algorithms 
are implemented using our custom-built analysis 
platform created in partnership with DNA Nexus. 
A polygenic risk score (PRS) is one of many critical 
components within our risk models, but the clinical 
value of PRSs is not yet widely acknowledged, in 
part due to a lack of consensus in PRS reporting 
standards.1 We and others2 have methodically 
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created a clinically validated laboratory pipeline 
for the implementation of genomic-integrated risk 
assessments. The flagship geneType product is our 
breast cancer risk assessment model; the clinical 
team has developed a number of other disease risk 
models built on the same foundation: polygenic 
plus clinical risk.

Major risk assessment categories
There are three major categories of risk assessment 
based on the clinical guidance available for the 
disease of interest:

 � First, in disease areas such as breast cancer 
and cardiovascular disease, there are clinically 
recognized absolute risk thresholds for 
which guideline-driven clinical care can be 
directly applied. In these circumstances, 
the geneType model can be directly 
compared to gold standard models to show 
improved efficacy in prospective cohort and 
nested case-control analysis.3-6

 � Second, in other disease areas such as prostate 
or colorectal cancer, there may not be implicit 
risk thresholds, but there are clinical screening 
guidelines based on age and family history 
from which we can infer levels of risk.

 � Third, disease areas such as ovarian and 
pancreatic cancer have limited screening 
options available, but because we are able 
to stratify risk, we may be able to establish 
efficacious and cost-effective screening or 
risk-reduction methods for at-risk groups 
rather than the general population.

Herein, we will focus on geneType for breast cancer 
and its potential efficacy if implemented on a 
population level.

Current State of Breast Cancer Risk 
Reduction and Surveillance
Risk-based stratification in breast cancer screening 
is a widely understood concept. Clinical tools and 
existing guidelines are used to inform enhanced 
surveillance and risk reducing options for at-risk 
women. Other than being female, age is the 
primary risk factor for developing breast cancer 
and is the justification for age-based screening 
mammography guidelines (while breast cancer 
occurs in males, it represents fewer than 1% of all 
cases). Regular access to mammography screening 
has contributed to a substantial decrease in breast 
cancer associated mortality.7 A wide distribution 
of invasive breast cancer diagnosis occurs between 
the ages of 40 and 70, leading to discrepancies in 
age-based recommendations between medical 
bodies. These discrepancies raise important 
questions: When is it appropriate to screen early? 

Should population screening begin at 40,8,9 
4510 or 50?11 How do we balance economic and 
health benefits?

Currently, family history and mammographic 
density are the two major risk factors that 
enable further stratification of screening-age 
women. Although family history carries weight 
in assessing breast cancer risk, the majority of 
diagnoses occur in women without a family history 
of breast cancer, underscoring the limited utility 
of this risk factor in the general population. And, 
although mammographically dense tissue can be 
identified in 43% of screening-age women, no 
standard recommendations exist for supplemental 
screening.12 As we continue to identify more 
markers of risk, these tools will continue to 
be enhanced and the predictive ability of risk 
assessment will improve.

Improving on the Current State
Traditional gold standards in risk assessment 
include a variety of clinical models to calculate 
actionable absolute risk for either 5-year or 
remaining lifetime from the time of diagnosis. 
Some of these models were developed for the 
general female population, such as the Breast 
Cancer Risk Assessment Tool13 and Breast Cancer 
Surveillance Consortium14 models, and others 
were developed for women with a family history, 
such as the IBIS15 and BOADICEA16 models. 

More recently, geneType for breast cancer was 
developed to bridge the gaps in risk assessments 
– a model that goes beyond clinical risk factors 
to include polygenic risk and mammographic 
density risk and has been designed to be used by 
any woman who may be currently considered to 
be at general population risk. The geneType model 
incorporates the standard epidemiological risk 
factors (including age, family history, menopausal 
status and body mass index) – but what provides 
improved population-level discrimination is the 
incorporation of mammographic density and 
polygenic risk.

When creating the geneType model, care was 
taken to reduce the amount and complexity of 
information a clinician would have to input into 
a model while still improving upon current risk 
stratification models. First, truncated pedigree 
is used to assign familial risk thereby enabling 
the model to capture necessary family history 
without hampering clinician time-management. 
Second, simple mammographic density Bi-RADS 
notification descriptors can be used if percentage 
density measurements are not readily accessible. 
Third, a simple saliva tube is used to collect the 
woman’s DNA for genotyping. This is the most 
reliable factor that is not affected by patient recall 
or clinical record integration challenges.17-19 
The additional risk factors (age, menopausal status, 
height, and weight) require limited effort to collect.

Figure 1: Side-by-side representation of clinical risk assessment models. Improved stratification of 
the asymptomatic, general population compared to traditional gold-standard risk assessment using a nested 
case/control dataset from the Nurses’ Health Study to show a 9-fold difference between at-risk women identified 
by the traditional gold-standard (IBISv7) compared to the polygenic-integrated risk model (geneType); 2.5%, 
22.4% respectively. At (increased) risk defined by a woman’s absolute risk score greater than 20% remaining 
lifetime risk. Black figures represent proportion of women at increased risk of developing breast cancer. Grey 
figures represent the women within average risk.
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Our data show that the geneType model 
outperforms the traditional gold standard models 
due to three measures: broader data types included 
in model; improved calibration; and discrimination 
between affected and unaffected women (two 
manuscripts in preparation). When we compared 
the geneType model to the traditional gold 
standard in a prospective cohort (UK Biobank) 
and in a nested case–control (Nurses’ Health 
Study), we find the estimated increase in the 
number of at-risk women identified by geneType 
is increased by a factor of 4 and 9, respectively, in 
the two cohorts. The significant net re-classification 
compared to traditional gold standard models 
allows clinicians to identify more women at 
increased risk of developing breast cancer based 
on current risk thresholds. A cohort limitation of 
the first dataset led to constructive and applicable 
clinical observations; despite limited family history 
and no breast density data in the UK Biobank 
cohort, the geneType model still outperformed 
the gold standard. In this case, the missing data 
in the UK Biobank represents a common clinical 
scenario where breast density and full family 
history are often unavailable for the patient. In the 
Nurses’ dataset, with no missing data, the model 
performed even better compared to the gold 
standard (Figure 1).

Incorporating Risk Assessment  
into Clinical Practice
Despite a multitude of medical bodies with 
screening and risk-reduction guidance available, 
few women are actually risk-assessed in clinical 
practice. This may, in part, be due to a disconnect 
between specialists and general practice care where 
the specialist bodies release recommendations that 
many primary care providers are not aware of or 
do not know how to put into practice due to lack of 
support (assay availability, clinical support tools) or 
reimbursement issues (further details in succeeding 
paragraphs). It must be kept in mind that primary 
care providers have a large number of patients with 
chronic and acute care needs and a limited amount 
of time per patient at an annual wellness visit.28

Facilitating disease risk prediction measures 
in the wellness setting is paramount to enabling 
general practice care providers to engage in 
preventive medicine. The most common hurdles 
to clinical implementation include initial patient 
triage and post-assessment continuum of care. 
Clinician education and peer-to-peer support are 
the primary methods to address these hurdles. 
Many organizations are trying to simplify or 
streamline clinical workflow through custom 
software,29 applications,30 electronic medical 
record integration, (like CRA Health31) and even 
commercially outsourced patient navigation 
specialists, but the de-centralized US healthcare 
system makes these options difficult to implement 
at scale.

Our current healthcare system also makes it 
harder to close the loop of clinical care. More often 
than not, clinicians refer a patient to a specialist 
facility (e.g., a high-risk breast center, a breast 
imaging clinic, or a breast surgeon) and the original 
clinician does not receive follow-up information. 
Medical records often go unshared, while at other 
times contradicting clinical opinions between 
providers result in a lack of confidence by patients 
in our healthcare system and many women end 

up in limbo. In our experience, these gaps in the 
care continuum ultimately result in clinicians 
declining to risk-assess their patients because they 
do not want the burden, or medical liability, of 
navigating post-assessment care with their patient. 
Increasing clinician resources can only improve the 
incorporation of risk prediction in clinical care.

Decision-Making Discussions  
with the Healthy Patient
Many clinical recommendations incorporate 
statements about decisions being made based 
only on individualized risk, others suggest the 
patient and clinician should engage in joint 
decision-making processes.32 Risk assessments 
are tools that aid in this shared decision-making 
process. A clinician has the opportunity to use 
a risk score, such as geneType, to communicate 
a patient’s personal risk of developing disease. 
The simple risk report enables the clinician to 
communicate risk in a standard format, within 
the confines of clinically actionable thresholds. 
But the combination of risk factors incorporated 
into the model allows for the identification of 
patients who traditionally are considered to be 
at average risk. Ultimately, every patient’s risk 
score must be discussed in the context of their 
medical history to provide the most informed 
recommendations during the shared decision-
making discussion. This is the paradigm for 
personalized precision medicine – that is, the use 
of precision medicine in a personalized setting.

Example patient discussion #1
A healthy woman, aged 53 years, has had eight 
previous mammograms. She has extremely dense 
breast tissue and her last two mammograms led 
to biopsies. The first biopsy was negative, and 
the second biopsy (a year later) showed atypical 
ductal hyperplasia. The primary care provider 
(PCP) discusses the woman’s risk reducing options, 

Actionable Clinical Outcomes 
Risk assessment is not a diagnostic tool, nor will 
there ever be a simple positive or negative result. 
The risk score is the percent chance of the woman 
developing breast cancer over a given period, 
specifically, over the next five years and over one’s 
lifetime (Figure 2). These two periods are used 
to consider different risk-reducing strategies and 
increased surveillance options. 

Five-year Risk Score Thresholds

The United States Preventive Services Task Forcea, 
the American Society of Clinical Oncologyb, and 
the National Comprehensive Cancer Networkc all 
have risk-reducing medication recommendations 
set around the five-year risk scores of 3%,20 3%,21 
1.66%,9 respectively. Above these thresholds, 
the benefits of chemoprevention outweigh the 
risks and results in a 35–65% reduction in breast 
cancer incidence, depending on the selective 
estrogen receptor modulator or aromatase 
inhibitor chosen.22-24 In addition to risk-reducing 
medication, the guidelines9 also discuss options to 
modify breast cancer screening for at-risk women.

a.  U.S. Preventive Services Task Force,  
https://www.uspreventiveservicestask 
force.org/uspstf/

b.   American Society of Clinical Oncology,  
https://beta.asco.org/

c.   National Comprehensive Cancer Network, 
https://www.nccn.org/

Lifetime Risk Score Thresholds

The American Cancer Society,d American College 
of Radiology,e American Society of Breast 
Surgeons,f and National Comprehensive Cancer 
Networkc all have breast cancer screening 
recommendations set around the lifetime risk 
score of 20%.8,25-27 Above this threshold, a 
woman qualifies for supplemental screening 
options such as MRI.

d.   American Cancer Society,  
https://www.cancer.org/

e.   American College of Radiology,  
https://www.acr.org/

f.   American Society of Breast Surgeons,  
https://www.breastsurgeons.org

“Facilitating disease risk prediction 
measures in the wellness setting 
is paramount to enabling general 
practice care providers to engage 
in preventive medicine. The most 

common hurdles to clinical 
implementation include initial 

patient triage and post-assessment 
continuum of care. Clinician 

education and peer-to-peer support 
are the primary methods to address 

these hurdles. ”
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including the option for chemoprevention. 
The woman is not interested in the risk-reducing 
medication because she does not think she is at risk 
of breast cancer because she has no family history of 
breast cancer. The PCP offers her a risk assessment 
to continue the conversation with her. The woman’s 
risk score comes back increased. [Note: this risk score 
does not include the risk associated with atypical 
ductal hyperplasia.] With this as context, the PCP is 
able to discuss the woman’s risk of developing breast 
cancer, which is above average for a woman of her 
age. Despite being eligible for risk-reducing options 
based on her atypical hyperplasia, this patient was 
reluctant to commit to medication until she had 
the opportunity to better understand her risk of 
developing breast cancer. She and her PCP discussed 
the risk factors that she cannot change as well as 
those that she can change. Together, they initiated 
a plan to begin an aromatase inhibitor, which will 
reduce her risk by as much as 65%.33 The PCP plans 
to monitor her side effects, including bone mineral 
density changes and hot flashes.

Example patient discussion #2
A healthy woman, aged 42 years, has no known 
family history of breast cancer, but she has limited 
contact with her relatives. She is nulliparous and 
recently had her first mammogram. She was 
found to have heterogeneously dense breasts 
and was consequently recalled – the subsequent 
mammogram and ultrasound results were normal, 
indicating a false positive initial screen. The 
patient’s ordering clinician, her OB/GYN, was 
looking for options to give her. The patient was 
frustrated by the experience of a false positive 
result and wanted to know if she could be more 

active about her breast health. Her OB/GYN 
performed a clinical risk assessment using IBIS, 
which found that the woman was at higher-than-
average risk but did not surpass a clinical threshold 
of risk. The OB/GYN subsequently ordered 
geneType, found that the woman was above 
the 20% lifetime risk threshold. The OB/GYN 
plans to order supplemental breast MRI for this 
patient. The OB/GYN also discussed the option of 
beginning risk-reducing medication in the next few 
years as an option for this patient after she finishes 
her in vitro fertilization journey.

Example patient discussion #3
A healthy woman, aged 52 years, had a 
mammogram at age 40, was told she had dense 
breast tissue, but has not had a mammogram in 
12 years. She is very active and lives a healthy 
lifestyle and has no desire to get a mammogram 
because there are other health concerns that she 
worries about. Her PCP orders a risk assessment 
that shows her absolute risk of developing breast 
cancer is half that of women of her age. The PCP 
has the opportunity to suggest a compromise. 
The PCP schedules a mammogram for the 

Figure 2: Clinical risk thresholds for breast cancer screening and risk-reducing medication 
recommendations. A short-term and long-term risk score can be calculated. Often due to age, a woman 
may be at increased risk with one, or the other. Risk-reducing strategies may be considered in the context of 
the woman’s complete medical history. 
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reluctant to commit to medication 

until she had the opportunity 
to better understand her risk of 

developing breast cancer.”
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patient, but also engages with the patient in shared 
decision-making discussions around the option 
to reduce the screening frequency going forward. 
In addition, the PCP has the opportunity to discuss 
general breast cancer awareness as well as the 
benefits of healthy lifestyle habits cancer risk-
reduction, regardless of risk status.

Preventive Healthcare is a Win for All
Disease screening tools such as mammograms 
have been proven to be effective and have reduced 
breast cancer mortality rates. A risk assessment 
tool such as geneType does not replace standard 
screening tools. Instead, it enables supplemental 
precision screening tools to be employed in at-risk 
groups. Importantly, standard clinical models 
do not discriminate well between affected and 
unaffected women.

In the examples above, we highlighted the 
clinical advantages of incorporating individualized 
risk assessment in shared decision-making 
discussions with patients. This type of personalized 
risk assessment encourages and empowers patient 
follow-through with preventive healthcare options. 
Using an improved risk stratification tool, there 
is a dramatic improvement in the discrimination 
between affected and unaffected women and 

the proportion of at-risk adults identified for 
supplemental options.

Ultimately, preventive healthcare leads to better 
medical outcomes at lower costs to the individual 
and the health system. Economic modeling has 
shown that geneType for breast cancer has resulted 
in a positive per-patient per-year saving. But 
even more important, when clinicians are better 
able to stratify their healthy patient population 
with geneType (vs standard model, publication 
pending), they can proactively identify those 

who would benefit from supplemental screening 
or other risk-reduction options; increase 
screening compliance; increase early-stage 
detection; and reduce the number of interval 
cancers). Most important, this net saving from 
using geneType risk stratification is a conservative 
estimate based on a low initial adoption rate among 
women aged 40–69 years and does not assume 
any reduction in standard of care screening – 
only increases to standard of care – as a result of 
risk assessment. JoPM
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Summary points
•  Disease screening and risk-reduction guidelines, 

for diseases such as breast cancer, require general 
population risk stratification.

•  Large multiomic datasets are powerful tools that 
can be leveraged to refine clinical risk prediction 
models to improve risk stratification.

•  Integration of a single-omic type (in the case of 
geneType, genomics) with standard epidemiological 
risk factors significantly improves general 
population risk stratification compared with 
clinical models.

•  In an economic modelling scenario, we show a net 
savings per patient, per year as a result of more 

women getting screened, fewer interval cancers, 
and greater early-stage detection

•  Establishing clinical support pipelines such as 
peer-to-peer resources and educational content is 
an important step in encouraging routine clinical 
implementation.

•  More resources need to be allocated to close the 
loop on the continuum of clinical care. Especially 
with novel technologies, we have observed that 
our clinicians are spread too thin to keep up 
with advancements without the support need 
for patients to access personalized precision 
advancements and benefit from evolving 
standards of care.


