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Electronic health records contain dispersed risk factor

information that could be used to prevent breast and
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ABSTRACT

Objective: The genetic testing for hereditary breast cancer that is most helpful in high-risk women is underused.

Our objective was to quantify the risk factors for heritable breast and ovarian cancer contained in the electronic

health record (EHR), to determine how many women meet national guidelines for referral to a cancer genetics

professional but have no record of a referral.

Methods and Materials: We reviewed EHR records of a random sample of women to determine the presence

and location of risk-factor information meeting National Comprehensive Cancer Network (NCCN) guidelines for

a further genetic risk evaluation for breast and/or ovarian cancer, and determine whether the women were re-

ferred for such an evaluation.

Results: A thorough review of the EHR records of 299 women revealed that 24 (8%) met the NCCN criteria for re-

ferral for a further genetic risk evaluation; of these, 12 (50%) had no referral to a medical genetics clinic.

Conclusions: Half of the women whose EHR records contain risk-factor information meeting the criteria for fur-

ther genetic risk evaluation for heritable forms of breast and ovarian cancer were not referred.
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INTRODUCTION

Over a quarter-million women are diagnosed with breast and ovar-

ian cancer each year.1 Of these, 5-10% have cancers linked to inher-

ited pathogenic variants that, if identified before cancer develops,

might prompt an intervention to avoid morbidity and fatal disease.2

Yet the genetic testing for hereditary breast cancer that is most help-

ful in women at increased risk for heritable cancer is underused.3

Even among women newly diagnosed with breast cancer, fewer than

half with clinical indications receive a formal genetic risk assess-

ment.4 Several reasons that women do not receive formal genetic

risk assessments have been identified, including older age at diagno-

sis, insurance status, distance from genetic services, and patient atti-

tude about the value of genetic services. The single most important

factor, however, is the lack of physician referrals to genetics services,

even for patients who meet national guidelines for a formal genetic

evaluation.5 The identification of appropriate candidates for referral

at those locations where women receive primary care is essential.
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The use of risk assessment tools in the primary care setting has been

shown to have moderate to high accuracy in guiding which patients

should be referred to a cancer genetics professional, but the use of

these tools requires additional time and effort to gather personal

and family history information.6

Risk factor information is often available in the electronic health

record (EHR), because it has been gathered and stored in the course of

routine care. The full story of a patient’s risk for heritable cancer

within their record often does not exist in a single location. It is frag-

mented across entries created by many authors, over many years, in

many locations and formats, and commonly from many different insti-

tutions in which women have received care over their lifetimes. As a

result, what patients and providers might know from the full content

of EHR records differs from what they are acting on today. The focus

of our study is on whether or not providers referred patients who met

the National Comprehensive Cancer Network (NCCN) criteria.

We define “unrecognized EHR risk-factor information” as infor-

mation that exists within a patient’s EHR record but is not known

by current treating providers. If this unrecognized EHR risk factor

information could be found and acted on, additional women at high

genetic risk could be identified and referred for genetic counseling as

a preventative measure, with the goal of improving their health out-

comes. The objective of this study is to characterize and quantify the

unrecognized EHR risk-factor information related to breast and

ovarian cancer, to determine how many women meet national

guidelines for referral to a cancer genetics professional based on in-

formation in their EHR but have no record of such a referral.

MATERIALS AND METHODS

Population
We identified 9573 women who were �30 years old and were seen

�5 times or hospitalized �2 times in the University of Washington

(UW) Medicine health system in western Washington state between

April 2018 and April 2019, using the University of Washington En-

terprise Data Warehouse, and then randomly selected patients for

manual review. Given the time available for chart reviews, charts of

the first 299 randomly selected patients were reviewed.

Chart review
Six medical students trained in EHR use reviewed UW Medicine in-

patient (Cerner) and outpatient (Epic) EHR records of the random

subset of this sample to ascertain the presence and location of breast

and ovarian cancer risk-factor content within EHR records in notes,

reports, orders, outside records, and scanned documents. The review

included UW Medicine health system records, documents received

from other institutions, handwritten questionnaires completed by

patients, and records viewable from other institutions using vendor

information exchange tools (CareEverywhere). It included struc-

tured data, such as encoded problem lists and the Epic family history

tool, and unstructured data, such as the narrative text of progress

notes, consultant notes, and imaging requisitions.

Data collected
Chart reviewers recorded all risk-factor information, as defined in

the NCCN Guidelines version 3.2019 criteria,7 using the REDCap8

electronic data capture tool hosted at the University of Washington.

NCCN Guidelines include personal and family histories of many

types of cancer, along with age of onset and degree of relatedness;

Ashkenazi Jewish ancestry; known pathogenic/likely pathogenic var-

iants in a cancer susceptibility gene; and other factors. A complete

list of the risk-factor information recorded is in the Table 1.

Determination of criteria for referral
The NCCN criteria for further genetic risk evaluation for breast

and/or ovarian cancer were applied to determine which women met

the criteria for referral for a genetic consultation. Of these, we noted

what percentage had a record of a referral to a medical geneticist or

genetic counselor. We randomly selected 10% of these charts to be

reviewed a second time by another reviewer, to measure interviewer

agreement. The number of charts reviewed was constrained by the

time required for a manual EHR review and the project timeline.

The project was approved by the University of Washington Institu-

tional Review Board.

RESULTS

We reviewed the complete EHR records of 299 women. Each review

required up to 1 hour and included a detailed review of UW Medi-

Table 1. Data collected during manual chart review

Patient ID

Zip code

Race

Ethnicity

Primary care provider

Clinic visits last year

Hospitalizations last year

Referred to genetics clinic (Y/N)

Date seen in genetics clinic

BMI

Age of menarche

Menopause reached (Y/N)

Menopause age

Gravida

Parity

Age at first childbirth

Hormone replacement therapy (Y/N)

Prior breast biopsy (Y/N)

Findings of breast biopsy

Breast density

BiRad

Breast cancer diagnosis (Y/N)

�For each: age at diagnosis, source of breast cancer diagnosis, triple neg-

ative (Y/N), lobular (Y/N)

Cowden Syndrome criteria (Y/N)

Personal history of pancreatic cancer (Y/N)

Personal history of ovarian, fallopian or primary peritoneal cancer (Y/N)

Ashkenazi Jewish ancestry (Y/N)

Founder mutation in relative (Y/N)

Known pathogenic/likely pathogenic variant in a cancer susceptibility

gene found on tumor testing in the family

Family history of cancer (list)

�For each: information source, age of onset, relatedness, type (17 listed

types þ other)

Note: The list consists of data used in criteria for further genetic risk evalu-

ations in the National Comprehensive Cancer Network Version 3.2019,

Breast and/or Ovarian Cancer Genetic Assessment.6 The italicized text indi-

cates data that were extracted from the Enterprise Data Warehouse rather

than from a manual chart review but that were included to confirm the

patient’s identity during the chart review.

BiRad: Breast Imaging Reporting and Data System; BMI, body mass index;

N: no; Y: yes.
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cine EHRs and outside records. Risk-factor information was found

in many locations within the EHRs, including scanned notes and im-

aging requisitions, outside notes, the family history module, and in

note narrative text (Figure 1).

Using the risk-factor information in the EHR, 24 women (8%)

met the NCCN criteria for referral for a further genetic risk evalu-

ation; of these, 12 (50%) had no record of a referral to a medical

genetics clinic. The location of risk-factor information for these

12 patients is shown in Figure 2. The most common risk factors

were a family history or personal history of ovarian cancer or

breast cancer. Family history information was frequently found in

note narrative text rather than in the EHR family history tool.

Agreement between 2 independent chart reviewers was high for

quantitative risk factors, including body mass index, age at the

first birth, and age at menarche (kappa values¼0.93, 0.99, and

0.98, respectively; P-values much smaller than .001), but was

moderate for family history of cancer (kappa¼0.55; P-val-

ue¼ .0038).

Figure 1. Examples of EHR documents (deidentified) containing risk-factor information listed in NCCN Guidelines Version 3.2019. (A) EHR note that includes both

family history of breast cancer and Ashkenazi Jewish heritage in narrative text. (B) Outside EHR dermatology note that includes information on family history of

breast and uterine cancer (arrow). (C) Scanned outside imaging requisition that includes family history of cancer (arrow). EHR: electronic health record.
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DISCUSSION

People at increased risk for heritable forms of breast and ovarian

cancer benefit from referral to a cancer genetics professional.

Comprehensive genetic counseling has been shown to reduce breast

cancer–related worry and depression, increase patient understanding

of risks, and reduce the intention for inappropriate genetic testing.4

In this random sample of women selected from among those cared

for in our health-care system, we were able to identify many women

whose EHRs contain risk-factor information meeting national

guidelines for further genetic risk evaluation, yet half of these

women had no record of a referral in their EHR. Identifying these

women did not require additional surveys, visits, or outreach efforts:

the risk-factor information was already in their records, but it was

dispersed in notes and other locations within the EHR, so current

treating physicians may not have been aware of it. Finding this in-

formation took trained reviewers far more time than most busy

clinicians can reasonably devote to a chart review. However, had

the scattered risk factors for each patient been presented together to

a treating provider with knowledge of NCCN guidelines, more

women might have been referred to a medical geneticist or genetic

counselor, and might have engaged appropriately in a discussion of

the risks and benefits of genetic testing. For this reason, the disper-

sion of risk-factor information in the record may pose a barrier to

recognizing an enhanced risk for cancer. It is a missed opportunity

amenable to improvement by better methods to search and summa-

rize EHR risk-factor information and prompt patients and physi-

cians for additional information that could result in the

identification of women who would benefit from an appropriate re-

ferral to a cancer genetics clinic for counseling and testing.

We chose to focus on hereditary breast ovarian cancer risk for 3

reasons: it is common,9 there are widely accepted guidelines sup-

porting genetic evaluation,7 and diagnosis is linked to recommenda-

tions for treatment, such as the availability of poly-ADP ribose

[PARP] inhibitors for the treatment of ovarian cancer with a

BRCA1 or 2 pathogenic variant.10 The same case could be made for

Figure 1. Continued
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hereditary colorectal cancer. For other types of cancer, the evidence

for a germline genetic cause is low (lung cancer) or the hereditary

forms are rare and do not commonly affect treatment (sarcoma,

clear cell renal carcinoma), so the benefits of this approach on health

outcomes for these cancers are not clear, but may change either be-

cause of new genetic discoveries or because of changes in treatment

recommendations.

Over the last decade, most US medical records have switched

from paper to electronic form,11 resulting in an enormous corpus of

medical information in machine-readable form that did not exist

when clinical cancer genetic testing was first available.

To our knowledge, this is the first report showing the amount of

cancer risk-factor information in the EHR and seeking to determine

its potential impact on patient referrals. Other work has focused on

information in family history tools, including the use of natural lan-

guage processing to find information in comments,12 but this did

not consider information in outside records, scanned documents, or

in other parts of the record, nor other risks, such as Ashkenazi Jew-

ish ancestry. As others have noted, primary care providers are over-

whelmed with other clinical priorities that prevent the systematic

documentation and use of family health history tools.13,14 If pro-

viders gather risk-factor information in the course of care—and of-

ten they do not15—it may be entered in a fashion most expeditious

for the pace of clinical practice; specialized structured data capture

tools may not be used because of the time required to use them.16

There have been numerous efforts to improve and centralize the

capture of family history information in the EHR, using both struc-

tured (checkbox, grid and other) and unstructured methods.13,17,18

Though structured methods are often available to enter family his-

tory data, many providers use unstructured methods, such as narra-

tive text, and the data entry task usually falls to the physician.19 The

focus of most of these methods is family history, which is an impor-

tant risk factor, but other risk factors, such as personal cancer his-

tory and ancestry, may be recorded elsewhere in the EHR outside of

a dedicated family history tool.

A limitation of our study is that we focused on referrals, and not

completed counseling. Though referrals are the single most impor-

tant factor,5 there are other reasons women do not receive counsel-

ing and appropriate testing for pathogenic variants that increase the

risk for cancer.

Methods exist to find this scattered risk-factor information auto-

matically, without requiring the manual review of hundreds of

pages, but are not yet a feature of most commercial EHRs. Our find-

ings suggest that a different approach may be helpful: gathering

risk-factor information from the wide range of locations and for-

mats in which it is recorded may increase the number of women at

risk who will be identified. Our results should lend impetus to apply

these methods, which include image20 and natural language process-

ing,21 to finding important, actionable information dispersed within

the records.

Figure 1. Continued
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CONCLUSIONS

We found that half of women whose EHR record contained risk-

factor information meeting criteria for further genetic risk evalua-

tion for heritable forms of breast and ovarian cancer were not re-

ferred, and that this risk-factor information was often dispersed in

the EHR in locations other than the family history tools designed to

collect it. If this were gathered and presented, it could lead to discus-

sions between women and their providers that could lead to testing

that might avert new incidence, morbidity, and mortality from heri-

table breast and ovarian cancer.
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