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Introduction

Demand for genetic testing is growing, with an expected $25 billion
to be spent on genetic testing in the United States by 2021, up from
$5 billion in 2014'. This growth is causing increased expectations

on health care providers, who may themselves have only a basic
knowledge of genetics. Additionally, explanation of genetic concepts
can take up much of the limited time a provider has to spend with a
patient. In some instances, misunderstanding of report information has
led to adverse events, such as inaccurate diagnoses or unnecessary
surgeries?, highlighting the need for increased clarity in genetic
testing reports for both health care providers and patients. Potentially,
such mistakes could be mitigated if patients were able to understand
their own reports and engage in more informed discussions with

their providers. However, it is challenging to create a report that

Is understandable for someone with a low health literacy level, yet
maintain informational accuracy.

Genetic counselors are trained to describe complex ideas in easy-
to-understand terms. Therefore, genetic counselors can be a helpful
addition to the report development process by writing reports in

a way patients can comprehend. There has been some research

on how to create patient-friendly report layouts?, but nothing to

date regarding how to use genetic counselors in creating a patient-
centered report. Here, we describe our approach for creating patient-
friendly reports in a commercial laboratory setting and patients’
perceived clarity of results.

Methods

At the beginning of the report development process, literature
curation is performed by a team of genetic counselors under the
direction of a medical geneticist. Members of the curation team search
PubMed for relevant information using a specific set of parameters
agreed upon by the team at the beginning of the project. Search
parameters may include the gene name and key terms such as “cancer
risk”, “odds ratio”, or “meta-analysis”. For new reports, the curation
team writes a first draft of new content based on findings from the
literature review. In order to keep all content current, the curation
team searches for and reviews new literature every six months. The
team then recommends updates to references and report information
when applicable.

When curation is complete, the first draft of new or updated content
IS reviewed by the content team, which consists of genetic counselors,
a scientific writer, and a medical geneticist. The content team revises
the draft, and when the team reaches a consensus, the content is
passed on to additional reviewers. Additional reviewers may include
external leaders in the medical field who have experience related to
the content, members of the internal legal team, and members of

the internal product and design team. These reviewers suggest edits
to the content based on their individual perspectives. For example,
design professionals contribute their expertise to generate patient-
friendly layouts and visual aids, and experts in technology generate
interactive, secure, web-based reports in addition to static reports
standard in the industry. All edits suggested by the additional
reviewers are assessed and accepted or rejected by the content team.
The lab director reviews and formally approves the report content
and releases it to the software engineering team to be implemented.
Once reports are live, user feedback surveys are given to patients to
allow them to provide opinions on what they like and dislike about the
reports and suggest improvements. This user feedback is reviewed
and incorporated into future versions of the reports.

For this study, we evaluated results of the user feedback survey. The
responses of 4446 patients who underwent genetic testing through
Color between 11/1/2015 and 2/28/2018 were included in the analysis.
As part of the survey, users were asked to rate the statement “How
clear were your results?”, where a rating of 1 indicated they felt their
results “were very confusing” and a rating of 5 indicated “l understood
everything perfectly”.

Results
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Figure 2. Positive sample report

Results are returned via interactive online reports and static PDFs for printing and

faxing. Screenshots of the online version of a positive report are shown below.
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gene.

Testing positive for a pathogenic mutation in the BRCAZ
gene means your risks of developing breast and ovarian
cancer are significantly greater than that of the average
US woman. Your risks of pancreatic cancer and melanoma

Patlentss personal hIStOry 40 are also increased by this mutation.

Is highlighted in the
opening summary (if
applicable), and patient
IS encouraged to relay
their history to their
healthcare provider.

Recent screening
guidelines from the
National Comprehensive
Cancer Network (NCCN)
are provided as Next
Steps in the report for
patient and provider
reference.

This result does not mean that you have a diagnosis of
cancer or that you will definitely develop cancer in your
lifetime. Your actual risk may be different based on other
genetic and non-genetic factors. Learn more below.

Schedule an appointment with one of our board-certified
genetic counselors at no additional cost to discuss your
results.
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reminds providers about the specific risks associated with
pathogenic variants in that gene.

NEXT STEPS DETAILS HISTORY FAMILY

QUESTIONS

e Know your screening guidelines

Below is a summary of screening guidelines from the NCCN Clinical Practice Guidelines in
Oncology (NCCN Guidelines®) established by experts at the National Comprehensive
Cancer Network (NCCN). They are for women who have a mutation in the BRCAZ gene.
Your healthcare provider may use these NCCN Guidelines® to help create a customized
screening plan for you.

Breast and ovarian cancer!

+ Starting at age 18: Breast awareness - Women should
be familiar with their breasts and promptly report
changes to their healthcare provider. Performing
regular breast self exams may help increase breast
awareness, especially when checked at the end of the
menstrual cycle.

« Starting at age 25: Breast exam by your provider every
6-12 months.

s+ Between ages 25-29 or individualized based on family
history: Breast MRI screening with contrast (preferred)
every year or mammogram if MRI is unavailable.

* Between ages 30-75: Mammogram and breast MRI
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Figure 3. Survey results
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+ Your healthcare provider may discuss skin exams and

eye exams for melanoma screening.

» To reduce the chance of developing melanoma, the

American Cancer Society recommends limiting
exposure to UV light by avoiding excess sun exposure,
wearing a hat, sunglasses and long protective clothing,
applying sunscreen with SPF of 30 or higher and
avoiding tanning beds and sun lamps.

* Any new, unusual, or changing moles should be

reported to your provider or dermatologist.

Pancreatic cancers:

Answers to “How clear were your results?”. Results were reported positive if one or
more pathogenic or likely pathogenic variant was detected, negative if no variant and/
or only benign or likely benign variants were detected, and negative with VUS if a
variant of uncertain significance was detected. Mean response, +/- 95% CI.
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NEXT STEPS DETAILS HISTORY FAMILY QUESTIONS

About the BRCA2 gene a

The BRCA2 gene How a mutation affects the BRCA2 gene
The BRCAZ gene is a tumor suppressor gene. Tumor Like most genes, each person has two copies of the
suppressor genes slow down cell division, repair DNA BRCAZ gene: one inherited from each parent. A mutation
mistakes, or tell cells when to die. When they don't work in a single BRCAZ gene inherited from either parent is
properly, cells can grow out of control, which can lead to known to increase risk of specific cancers (breast, ovarian,
cancer. The primary role of BRCAZ is repairing damaged prostate, pancreatic, melanoma) over a lifetime.
DNA before a cell divides to make more copies of itself.
BRCAZ works together with other genes, such as BRCAI, In very rare cases, a person can inherit two BRCA2
PALB2, and the RAD51 gene complex to direct the repair mutations, one from each parent. This causes a blood
of the damage. condition called Fanconi anemia, which is associated with
bone marrow failure, physical disabilities, and childhood
cancers.
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Genes with Pathogenic Mutations
A pathogenic mutation is a variant in the DNA sequence of a gene that
affects its ability to function. A pathogenic mutation is also referred to —
as a mutation in this report.
& =

BRCAZ c.5682C>A (p.Tyrl894*) Pathogenic @ ﬁ

Alternate name(s): chr13.GRCh37:g.32914174C>A, Y1894X

Transcript: ENSTO0000544455 —

Zygosity: Heterozygous @ o

Supporting evidence:

» Truncating variant occurs in the gene where loss of function is a
known mechanism of disease and is not located in the last or a
commonly processed exon.

+ Variant is absent from or extremely rare in population databases.

« Variant is absent from or extremely rare in control populations
and occurs in 2 or more unrelated individuals with classically
defined disease and without knowledge of another explanatory
pathogenic variant.
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Inheritance of mutations
Your relatives may also have this BRCAZ2 gene mutation.
@ @ @ ® Consider sharing your results with relatives because:
* This mutation was most likely inherited from either your mother or
your father. This would mean that one of your parents has the same
® ® @ ® ® @ mutation, and that your relatives on that side of the family may also
have the same mutation. Fathers are just as likely to pass on a
mutation as mothers.
@ * Each of your siblings has a 50% chance of having inherited this

o mutation. Brothers are just as likely to inherit it as sisters.

+ Each of your children has a 50% chance of inheriting the same
mutation. Men are just as likely as women to pass the mutation on
to their children, and daughters and sons are equally likely to inherit
it. Please keep in mind that children are not recommended to be
tested for this mutation as it does not impact health or affect
medical management in childhood.

Traditional genetic counseling information such as the
probability that certain relatives have also inherited the
variant and who should consider testing is included in the
Family section.

Discussion

The Details section
includes information for
the patient about the
affected gene and its
function.

Also included is relevant
information for providers
about the specific
variant.

In the Questions section,
genetic counselors
created a list of common
questions to address
within the report based
on real questions they
had often been asked
during counseling
sessions.

* |[n our experience, genetic counselors can be a helpful
addition to the report development process in order to
make reports patient-friendly without losing informational

accuracy.

 Genetic counselors can help provide information that
Is typically covered in a counseling session for patients
while also ensuring information relevant to providers is

highlighted in an appropriate way.

* When asked about the clarity of their results, users
responded above 4.5 out of 5 regardless of result type. The
slightly lower clarity rating amongst those with a VUS is
expected, as the concept of a VUS has traditionally been
considered difficult for genetic counselors to communicate

to patientss.

e Patient friendly reports aim to empower patients to be their
own advocate and make informed medical decisions.



