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Abstract

Genetic testing is a method to assess hereditary cancer risk. However, it is under-utilized and various methods of
family history intake have been evaluated in previous studies. The six-point-scale (SPS) is a validated family history
screener that is used to determine eligibility for BRCA genetic counseling. We automated the calculation of the SPS
score using structured family history data along with free text from the electronic health record (EHR) to detect
detailed family history information of breast cancer. We extracted data for all women aged 35 to 74 who had screening
mammography at Columbia University Medical Center (CUMC) from January 2015 to May 2017 (N=37,596). After
we calculated SPS scores using structured and free-text EHR data, we compared the results with SPS score calculated
from a baseline survey conducted for a prospective study called Know Your Risks: Assessment at Screening (KYRAS).
Among 1,202 patients with EHR structured family history data, we found 1.43% had an SPS score of 6 higher which
meets criteria for genetic counseling referral, while 12.05% of the survey respondents had SPS score of 6 or higher.
Results show there is a need for more efficient methods to identify patients eligible for genetic counseling through
EHR analysis.

Introduction

Breast cancer is the most frequently diagnosed cancer among women in U.S. with 252,710 women diagnosed in 2017.'
Approximately 5-10% of the breast cancers are hereditary.” Hereditary breast and ovarian cancers (HBOC) are
characterized by an increased risk for male and female breast cancers through pathogenic BRCA mutations.”* The U.S.
Preventive Services Task Force (USPSTF) recommends that women with a family history associated with an increased
risk of BRCAI or BRCA2 mutations undergo genetic counseling and/or testing.’

There are possible preventive options for high-risk patients such as mastectomy or chemoprevention.®® Tamoxifen is
an FDA-approved chemoprevention drug which has been shown to reduce the relative risk of invasive breast cancer
by about 50% compared with placebo.” Other options of chemoprevention drugs, such as raloxifene and aromatase
inhibitors (Als), are available for high-risk postmenopausal women.**'® Bilateral mastectomy is another preventive
strategy that reduces breast cancer risk by approximately 85-90% in female BRCA /2 mutation carriers.>™"'
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Genetic counseling and preventive strategies remain underutilized despite the known advantages. Barriers to
genetic testing and counseling include lack of awareness, lack of knowledge about personal cancer risk'’, inaccuracies
and inconsistencies in documentation of family history of cancer'’*°, and failure of providers and cancer specialists
to obtain adequate family cancer histories in order to refer patients at risk for hereditary cancer(s) to genetic
counselors.” > A first step in increasing utilization of these services is to identify high-risk patients and to facilitate
effective cgrzrimunication and discussions about the cancer risk and preventive plans between these patients and their
providers. ™

In order to improve provider-patient communication and the uptake of HBOC genetic counseling and testing, we
developed the RealRisks online decision aid tool® and conducted a prospective study entitled Know Your Risks:
Assessment at Screening (KYRAS)®. The KYRAS study recruited 3,079 women that underwent screening
mammography at the Columbia University Medical Center (CUMC).

The KYRAS baseline survey evaluated genetic counseling eligibility using the six-point-scale (SPS), a validated
family history screener to determine BRCA genetic testing eligibility based on U.S. Preventive Services Task Force
guidelines (Figure 1).”*® When compared to other screening tools, SPS scoring had highest specificity (0.97, 95% CI
0.95-0.99) and AUROC (0.85, 95% CI 0.81-0.90) when validated at San Francisco General Hospital.28 All evaluation
measures including sensitivity were measured using another validated screening tool, Referral Screening Tool (RST)*
as a gold standard.”® SPS was a useful and simple tool for our recruiters to reach out to patients and administer over
the phone and in person.”® We also examined the electronic health record (EHR) structured family history of breast

970



cancer data along with free text notes to identify patients eligible for genetic counseling for breast cancer. Several
studies have analyzed EHR data, both structured and unstructured to determine family history of diseases™* > and
there have been previous efforts to detect patients eligible for genetic counseling®, or to determine family history of
diseases®™*'****. To our knowledge, this is the first study to detect detailed family history of breast cancer that
combines the age and family member details, and to automate the calculation of a validated family history screener to
determine the eligibility for genetic counseling.

Methods
The data sets we used to calculate and compare the SPS scores come from two different sources:
1) EHR family history record of breast cancer, which included structured family history data and free text notes.

2) Baseline questionnaire of the KYRAS prospective study where patients provided detailed family history for SPS
score calculation.

EHR Family History Detection and SPS Calculation

The EHR data set included all women (aged 35-74) who had screening mammography at CUMC from January 2015
to May 25, 2017. From these patient records (n=37,596), we extracted patients with a breast cancer family history
(n=1,398). This included both positive and negative record of breast cancer family history among patients, meaning
that “yes” or “no” was documented for family history of breast cancer. Each record of positive breast cancer family
history included a free-text field where providers logged further details such as family member(s) who were diagnosed,
age and/or year of diagnosis, and sometimes other cancers. Using the free-text field, we calculated the SPS score to
follow the logic in Table 1.

There were a few assumptions made when developing the algorithm to calculate SPS score using the EHR dataset.
First, we assumed that there was no negation in the free text except for the mention of surviving family members after
the diagnosis (e.g., not dead for living family member after diagnosis). Since we only looked at the free text notes for
positive mentions of breast cancer family history, there was no negated mention of family history of breast cancer, in
other words, if the family member was not diagnosed, they were not mentioned in the notes.

Table 1. SPS Score Point Distribution?’

Mother with Sister with breast cancer Daughter with | Grandmother Aunt with
breast cancer breast cancer with breast breast cancer
cancer
Before | After | 3 or 2 sisters 1 sister Before | After | Before | After | Before | After
age 50 | age more T Before | After | 2%° 50 | age | ageS0 | age | ageS0 | age S50
50 | sisters 50 50
before | after | age 50 | age
age 50 | age 50
50
4 2 6 6 4 4 2 4 2 4 2 4 2
Male family member with Blood relative with ovarian cancer Jewish ancestors
breast cancer
6 4 4

With these assumptions, we calculated the SPS score (Table 1):

1) First, we detected family members mentioned and added 2 points per mentioned member: “grandmother”,

CLINNTS

“mother”, “sister”, “daughter(s)”, “aunt(s)”. Cousins are excluded from SPS score calculation.
2) We detected mention of multiple sisters: Sisters (+2), three sisters (+4), 3 sisters (+4), multiple sisters (+2).
3) When we detected mention of “ovarian” cancer, we added 4 points.

4) We detected numbers between 15 and 50, inclusive, for age, because additional 2 additional points were
assigned per family member diagnosed at or before age 50. Most of the members mentioned in this note
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were year (four digit numbers such as 1990, 2000), and numbers less than 15 usually indicated the number
of family members diagnosed (e.g., three sisters), or number of years un-related to the actual age of diagnosis
(e.g., diagnosed 10 years ago, died 10 years ago)

5) “Jew” was detected to signal for Jewish ancestry, which added an additional 4 points. We eventually
excluded because no race/ethnicity were recorded in the family history note.

6) “Brother”, “uncle”, “father” were detected to add 4 points, but eventually excluded because mentions of
these members recorded in this field were misleading and were recorded to mention other cancers.

Following this algorithm, for a free-text note of “Mother and two sisters” had SPS score of 6 by adding 4 points for
two sisters and 2 points for mother. More point distribution examples are included in Table 2. All data manipulation
and analysis was performed using the computing environment R (Version 3.4.3).

Table 2. EHR SPS Score Point Distribution Examples

Points Free Text Member (s)/Age Points
2 “maternal grandmother” Grandmother/NA +2
2 “mother” Mother/NA +2
4 “maternal aunt / sister died breast cancer | Aunt/80 +2
age 80s” Sister/30 2
6 “Mother and two sisters” Mother/NA +2
2 Sisters/NA +4

KYRAS Survey SPS Score Calculation

The KYRAS data set consisted of surveys completed by women who underwent screening mammography at the Avon
Breast Imaging Center at Columbia University Medical Center (Figure 2). Inclusion criteria included women of age
18 years old or older, English or Spanish-speaking, and with no previous diagnosis of breast cancer. Those who
consented and completed a baseline survey reported their family history, which was used to calculate SPS score
(Figure 3). We obtained informed consent in English or Spanish, and the study was approved by Institutional Review
Board at CUMC.

Results
EHR Family History Detection and SPS Calculation

Our dataset had records of 1,398 unique patients, and some patients were recorded at multiple time points and had
multiple records or changes recorded from having a negative family history to a positive family history (n=24). We
detected 319 out of 1,398 patients who had a positive family history of breast cancer (Table 3). Using the EHR family
history data, we found 20 patients (1.43%) to be eligible for genetic counseling with an SPS score of 6 and above, 57
patients (4.08%) with score of 4, 183 patients (13.09%) with score of 2, and O for the rest.

Table 3. Family History of Breast Cancer Response in EHR (CDW & iNYP)

Response = Yes Response = No Total Unique MRN Updated Response
319/1398 1103 1398 24

KYRAS Survey SPS Score Calculation Compared with EHR data

For the KYRAS data set (N=3,055) 368 patients (12.05%) were found to be eligible for genetic counseling with SPS
score of 6 or more (Table 5). We compared this with the EHR calculated SPS score, and found 240 matching MRNs
between EHR family history data and the KYRAS survey data and compared the scores. Of 52 matching MRNs with
positive family history of breast cancer, 17 from the survey and 2 from the EHR scored 6 or higher and were eligible
for genetic counseling. Interestingly, only one patient had an agreement in eligibility. Eleven of the matching patients
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scored higher in the EHR SPS score calculation. One of these patients scored higher in EHR due to miscalculation
because they logged family history of non-breast cancer and we were not able to eliminate this log to not include in

the score calculation.

Mammography Screening at
Columbia University
Medical Center
January 2015 — May 2017
(N =37,596)

!

Breast Cancer Family History
Recorded (Positive and Negative)
(N = 1,398; 3.72% 0f37,596)

/\

Breast Cancer
Family History Recorded = Positive
(N =319; 22.82% of 1,398)

Breast Cancer
Family History Record = Negative
(N = 1,079; 77.18% of 1,398)

v

Eligible for Genetic Testing with
SPS Score 6 or Higher
(N =20; 6.27% of 319,

Not Eligible for Genetic Testing with
SPS Score Less Than 6
(N =299; 93.73% of 319,

1.43% 0f'1,398)

21.39% of 1,398)

-

Not Eligible for
Genetic Testing with
SPS Score 4
N =57;
17.87% of 319,
4.08% of 1,398)

Not Eligible for
Genetic Testing with
SPS Score 2
(N =183;
57.37% of 319,
13.09% of 1,398)

Not Eligible for
Genetic Testing with
SPS Score 0
N=159;
18.50% of 319,
4.22% o0f 1,398)

Figure 1. Flow diagram for the population who went through mammography screening and SPS score distribution for

genetic counseling eligibility calculated from EHR data

Figure 2. Flow diagram for the population approached at screening mammography for participation and completion

Mammography Screening at
Columbia University Medical Center
November 2014 — June 2016
(N=18,502)

!

Completed Family History
Questionnaire

.

(N=3,053;16.50% of 18,502)

—

Eligible for Genetic Testing with
SPS Score 6 or Higher
(N=368;12.05% of 3,053)

Not Eligible for Genetic Testing
SPS Score less than 6
(N=2,685;87.95% of 3,053)

of KYRAS survey, with responses to SPS Score Genetic Testing Eligibility (Figure 3).
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1. Have you ever been told by a doctor that you have breast cancer? [] Yes
Question 1 in Six-Point Scale: No = 0 points; Unknown = 0 points

a. If yes, were you diagnosed before the age of 50? |:| Yes
b. If yes, did you ever have cancer in both breasts? |:| Yes
2. Have you ever been told by a doctor that you have ovarian cancer? D Yes

Question 2 in Six-Point Scale: Yes = 6 points; No = 0 points; Unknown = 0 points

3. Do you have any Jewish blood relatives? D Yes
Question 3 in Six-Point Scale: Yes = 4 points; No = 0 points; Unknown = 0 points

4. Have any men in your family had breast cancer? []ves
Question 4 in Six-Point Scale: Yes = 6 points; No = 0 points; Unknown = 0 points

5. Have any of your blood relatives had ovarian cancer? |:| Yes
Question 5 in Six-Point Scale: Yes = 4 points; No = 0 points; Unknown = 4 points

6. Hasyour mother had breast cancer? [ ves
Question 6 in Six-Point Scale: No = 0 points; Unknown = 0 points
a. If yes, was she diagnosed before the age of 50? [Jves
Question 6 in Six-Point Scale: Yes = 4 points; No = 2 points; Unknown = 2 points
7. Do you have any sisters who have had breast cancer? |:| Yes
Question 7 in Six-Point Scale: No = 0 points; Unknown = 0 points
a. If yes, how many sisters were diagnosed with breast cancer? D 1
Question 7 in Six-Point Scale: 1 = 2 points; 2 =4 points; 3 or more = 6 points
b. If yes, was any sister diagnosed before the age of 50? |:| Yes
Question in Six-Point Scale: Yes = 4 points; No = 4 points; Unknown = 2 points
c. If yes, did any sister ever have cancer in both breasts? |:| Yes

If Yes, then flag

8. Do you have any daughters who have had breast cancer? |:| Yes
Question 8 in Six-Point Scale: No = 0 points; Unknown = 0 points
a. If yes, how many daughters were diagnosed with breast cancer? |:| 1
Question 8 in Six-Point Scale: 1 = 2 points; 2 = 4 points; 3 or more = 6 points
If yes, was she diagnosed before the age of 50? [ ves
Question 8 in Six-Point Scale: Yes = 4 points; No = 2 points; Unknown = 2 points
b. If yes, did she ever have cancer in both breasts? |:| Yes

If Yes, then flag

9. Have either of your grandmothers had breast cancer? |:| Yes
Question 9 in Six-Point Scale: No = 0 points; Unknown = 0 points
a. If yes, was she diagnosed before the age of 50? []ves
Question 9 in Six-Point Scale: Yes = 4 points; No = 2 points; Unknown = 2 points
10. Have any of your aunts had breast cancer? []ves
Question 10 in Six-Point Scale: No = 0 points; Unknown = 0 points
a. If yes, was she diagnosed before the age of 50? |:| Yes

Question 10 in Six-Point Scale: Yes = 4 points; No = 2 points; Unknown = 2 points

Six-Point Scale:
Total points = XX (If >/= 6, then eligible for referral to genetic counseling)

Figure 3. KYRAS Survey — SPS questions®’
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Table 4. SPS Score from EHR (CDW & iNYP)

Point Number Ratio Percentage Percentage
(count/total) among total Among History = Yes
(count/total) (count/319)
6+ 20 20/1398 1.43% 6.27%
4 57 57/1398 4.08% 17.87%
2 183 183/1398 13.09% 57.37%
0 59 59/1398 4.22% 18.50%
(family history = Yes)
0 1079 1079/1398 77.18% N/A
(family history = No)
0 1138 1138/1398 81.40% N/A
(family history =
Yes or No)
Table 5. SPS Score Distribution from KYRAS Survey
SPS Score Number %
0 2066 67.67%
2 304 9.96%
4 315 10.32%
6+ 368 12.05%
Total Record 3053 100%

Discussion

A previous study conducted by our research team found that structured EHR family history data lacked details to
calculate the SPS score.”® In this study, we added free-text family history data to detect family members, ages of
diagnosis, and family history of ovarian cancer to calculate the SPS score and eligibility for genetic counseling. While
we were able to calculate the scores using some details provided through free-text, we were only able to detect 1.43%
of all patients with family history record—including negative family history of breast cancer—to be eligible for
genetic counseling.

Overall, while we found 1.43% patients from the EHR data set to be eligible for genetic counseling, 12.05% patients
from survey were found eligible. Patients scored much lower in the EHR SPS calculation, with only one patient who
was found eligible for genetic counseling both in the survey and in EHR. Among patients who scored 6 or higher from
survey, four patients scored 4 in EHR (4/17; 23.53%), ten scored 2 (10/17; 58.82%), and two scored 0 (2/17; 11.76%)
due to missing age information and details, or did not mention the details at the screening visit.

Family history of breast cancer is largely under-reported or reported with missing details, so it was difficult to
accurately determine the eligibility for genetic screening. We found a large proportion of patients with scores of 2 and
4. By comparing the EHR scores with the survey data, we found that a large proportion of patients who scored 4, 2,
or even 0 with positive breast cancer history may be eligible for genetic counseling.

Disagreement in SPS scores was mostly due to missing age of diagnosis and fewer details recorded in the EHR. For
the KRYAS data set, recruiters were trained to capture all criteria needed for the SPS score calculation, while providers
may have limited time and be less concerned about collecting family history information for breast cancer in an
unaffected population.

There are also limitations to the survey data given that it is collected at one point in time, and not as up to date as EHR
records. Methodologic or systemic collection and identification of family history recorded in the EHR would provide
more up-to-date information, because the EHR maintains multiple data points for patients collected at multiple visits.
Identifying;1 family history through the SPS scoring algorithm may be improved if the structured data included age at
diagnosis.
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For SPS score calculation using the EHR, we assumed that all family history of breast cancer was accurately logged
and only recorded positive family history of breast cancer. However, we found that a few providers also documented
family histories of other cancers such as colon cancer, or ovarian cancer in the free-text section of breast cancer family
history. One limitation of this study is that we are missing structured data of family history of ovarian cancer for SPS
calculation. However, the inaccuracy of family history documentation with mentions of ovarian cancer was helpful in
SPS calculation, because family history of ovarian cancer also counts towards SPS calculation. Most other mentions
of non-breast cancers in this field were noted to document that additional cancers among family members were
diagnosed, for example: “Mother w/ Breast CA. Sister with h/o Colon Ca, now with Breast CA”. In this case, colon
cancer was mentioned because sister who has a breast cancer has a history of colon cancer as well.

Study by Polubriaginof et al. reports that, when they analyzed both structured and free-text family history data in
EHR, its completeness did not meet the standards endorsed by U.S. Agency for Healthcare Research and Quality.”'

Barriers to family history data collection include clinicians’ lack of time to collect the family history information®’*,
underestimation of the value of family history data’’, lack of standardized strategy for family history collection®"***’,

and more.

For future studies, we can further expand the family history detection to look at the clinical notes to obtain details of
family history breast cancer such as age of diagnosis of family members, ethnicity, and ovarian cancer history to
calculate the SPS score or to develop other methods to determine detailed family history of breast cancer and other
cancers. We may be able to incorporate demographic data for ethnicity or race with larger sets of breast cancer family
history data. Our dataset was not large enough to detect Jewish ethnicity in the demographic data of patients with
family history recorded. For alternative method to detect Jewish ethnicity, we may be able use religious information
to infer that Jewish religion is linked to its ethnicity.

Conclusion

Our study identified that not only is family history of breast cancer under-recorded, but also the structure of the family
history record lacks the details necessary to automatically identify the eligible patients for genetic counseling or testing.
While genetic counseling eligibility for breast cancer is highly dependent on the family member’s age of diagnosis of
breast cancer, current EHR and clinical models lack the standardized structure to record the details systematically.”"*!
Using only structured data, it was impossible to calculate SPS score®, but the free-text field added much more family
history details such as the actual family members who were diagnosed, their age of diagnosis, their survival, and more.
The survey data resulted in a higher detection of eligible patients, yet this method is expensive, time consuming, and
is only usable for the research purposes since it is not maintained clinically within the EHR to be sharable inter-
institutionally. There is a need to develop more efficient methods for identifying patients who are eligible for genetic
counseling using EHR analysis. Moreover, develop a better structure for EHR documentation that can maximize the
utilization of data from the EHR for preventive care and public health.
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