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Abstract
Background: Personal cancer diagnosis and family cancer history factor into which 
individuals should undergo genetic testing for hereditary breast and ovarian can-
cer (HBOC) syndrome. Family history is often determined in the research setting 
through kindreds with disease clusters, or clinically from self‐report. The population 
prevalence of individuals with diagnostic characteristics and/or family cancer history 
meeting criteria for HBOC testing is unknown.
Methods: Utilizing Surveillance, Epidemiology, and End Results (SEER) cancer 
registry data and a research resource linking registry records to genealogies, the Utah 
Population Database, the population‐based prevalence of diagnostic and family his-
tory characteristics meeting National Comprehensive Cancer Network (NCCN) cri-
teria for HBOC testing was objectively assessed.
Results: Among Utah residents with an incident breast cancer diagnosis 2010‐2015 
and evaluable for family history, 21.6% met criteria for testing based on diagnos-
tic characteristics, but the proportion increased to 62.9% when family history was 
evaluated. The proportion of cases meeting testing criteria at diagnosis was 94% for 
ovarian cancer, 23% for prostate cancer, and 51.1% for pancreatic cancer. Among an 
unaffected Utah population of approximately 1.7 million evaluable for family his-
tory, 197,601 or 11.6% met testing criteria based on family history.
Conclusions: This study quantifies the population‐based prevalence of HBOC cri-
teria using objectively determined genealogy and cancer incidence data. Sporadic 
breast cancer likely represents a portion of the high prevalence of family cancer his-
tory seen in this study. These results underline the importance of establishing pres-
ence of a deleterious mutation in an affected family member, per NCCN guidelines, 
before testing unaffected relatives.

K E Y W O R D S
BRCA1/2, cancer registry, epidemiology, genetic counseling, hereditary cancer

www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
https://orcid.org/0000-0003-4994-4793
http://creativecommons.org/licenses/by/4.0/
mailto:samantha.greenberg@hci.utah.edu


6790  |      GREENBERG et al.

1  |   INTRODUCTION

Hereditary breast and ovarian cancer (HBOC) caused by 
pathogenic variants in BRCA1 or BRCA2 represent approx-
imately 2% of breast cancers1 and 10%‐15% of ovarian can-
cers.2,3 Clinical counseling and testing services for hereditary 
breast and ovarian cancer have been available since the 1990s 
and criteria for identifying breast and ovarian cancer cases 
due to hereditary causes have been developed over time. 
Several characteristics associated with an increased like-
lihood of a pathogenic BRCA1 or BRCA2 variant include 
young age of breast cancer onset (<45 years), epithelial ovar-
ian cancer, triple negative breast cancer, or multiple relatives 
with breast and/or ovarian cancer. Women with a BRCA1 or 
BRCA2 pathogenic variant have a 50%‐80% risk of develop-
ing breast cancer and a 20%‐40% risk of developing ovar-
ian cancer. Men with BRCA1 or BRCA2 pathogenic variants 
have a 15%‐30% risk of prostate cancer and a 2%‐6% risk of 
male breast cancer.4 When HBOC pathogenic variant status 
is known, the risk of cancer mortality can be reduced by fol-
lowing established management guidelines including cancer 
screening at younger ages or risk‐reducing mastectomy and 
salpingo‐oophorectomy.

Given the opportunity for reduced morbidity and mortal-
ity, The Centers for Disease Control and Prevention (CDC)'s 
Office of Public Health Genomics has identified BRCA1/2 
testing as a genomic application that has potential for positive 
impact on the public's health.5,6 Guidelines on who should 
receive genetic counseling and testing have been compiled 
by expert committees,7-9 and are repeatedly revised and ex-
panded. Recent guidelines have suggested more widespread 
genetic testing given that people with pathogenic variants 
may not meet referral criteria.10,11 A widely used set of crite-
ria are disseminated by the National Comprehensive Cancer 
Network (NCCN). However, there is limited understanding 
of the prevalence of individuals who meet various testing 
criteria and thus of the influence of criteria on number of 
people who might be recommended for testing. Cancer reg-
istry data can be used to evaluate patients who meet NCCN 
criteria based on the diagnostic characteristics of their cancer 
such as age at diagnosis, epithelial ovarian cancer histology, 
and triple‐negative breast cancer. HER2 status, a variable 
needed to define triple‐negative breast cancer, has been avail-
able in cancer registry data only since 2010. To the best of 
our knowledge, the population‐based prevalence of cancers 
meeting testing criteria due to diagnostic characteristics has 
not recently been summarized.

Family cancer history information is a key component 
of testing criteria both for individuals affected with cancer 
and for unaffected patients. Cancer registry databases do not 
include information about family history of cancer.6 Family 
history is often determined in the research setting through 
kindreds with recognized clusters of HBOC diagnoses. In 

the clinical setting, family history is obtained from self‐re-
port. The validity of self‐report of family history is a concern 
and may vary based on subject characteristics.12 Population‐
based data on family history of cancer has been compiled 
from self‐report on national surveys; however, the detail 
needed to apply HBOC testing criteria is not available.13 
Collection of high‐quality self‐reported family history data 
requires specialized tools and is not widely implemented.14 
The Utah Population Database (UPDB) is a research resource 
that links over four decades of state‐wide central cancer reg-
istry records to extensive genealogies, allowing for objective 
assessment of family history of cancer for both affected and 
unaffected individuals. This study seeks to estimate the pop-
ulation prevalence of individuals meeting criteria for HBOC 
and genetic testing based on the characteristics of a personal 
diagnosis of cancer, and based on the combination of per-
sonal and family cancer history.

2  |   MATERIALS AND METHODS

2.1  |  Research design and study population
We used data from the US National Cancer Institute's 
Surveillance, Epidemiology, and End Results (SEER) pro-
gram SEER 18 Registries15 to calculate the prevalence of di-
agnostic characteristics meeting NCCN HBOC testing criteria 
among a set of incident cancers representing a broad sample 
of the US diagnosed during the period 2010‐2015. Testing 
criteria defined in the National Comprehensive Cancer 
Network (NCCN) Familial Breast/Ovarian Risk Assessment 
guidelines was used (V2.2015, Figure 1). Cancer‐specific 
variables including cancer site, histology, SEER summary 
stage, year of diagnosis, diagnostic information, ethnicity, 
and age at diagnosis were queried from SEER. NCCN cri-
teria evaluable from SEER data include male breast cancer, 
young age at diagnosis, triple‐negative breast cancer (estro-
gen receptor, progesterone receptor, and human epidermal 
growth factor receptor 2 amplification negative), second 
primary diagnosis of breast cancer, and diagnosis of ovar-
ian, primary peritoneal, or fallopian tube cancer. Breast can-
cers considered included all invasive diagnoses and ductal 
carcinoma in situ (DCIS). Other cancer sites were limited to 
invasive diagnoses. Specific cancer site and histology codes 
that were used to establish diagnoses meeting criteria can be 
found in Table S1.

In order to estimate the prevalence of family history 
meeting HBOC testing criteria, we used data from the 
Utah Cancer Registry, a state‐wide registry since 1966 
and a participating registry in the SEER program since 
1973, linked to the UPDB. UPDB is a unique research data 
resource that includes extensive multi‐generation gene-
alogies linked to individual health data from state‐wide re-
sources.16-18 We assessed the prevalence of meeting HBOC 
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criteria at the time of diagnosis for individuals with a can-
cer diagnosis. Cases included in the analysis were those 
diagnosed in 2010‐2015 with invasive cancer of HBOC 
sites or DCIS of the breast. We further limited the analysis 
to individuals who were linked through UPDB to enough 
family members in the state to evaluate family cancer his-
tory. This was defined as at least three adult relatives living 
in Utah after 1966. We used registry variables as described 
above to evaluate whether the case met criteria for HBOC 
testing based on diagnostic characteristics at the time of 
diagnosis. We used UPDB information about cancer di-
agnoses among relatives, querying relevant diagnoses 
among first, second, and third degree relatives as shown 
in Figure 1, to evaluate whether the case met criteria for 
HBOC testing based on family cancer history. We evalu-
ated whether Utah residents without a personal diagnosis 
of cancer (unaffected) meeting HBOC criteria met criteria 
for testing based on family history. We limited the analysis 
to individuals who were living in Utah in 2018 and who 

were linked through UPDB to at least three adult relatives 
living in Utah after 1966. We again used UPDB informa-
tion about cancer diagnoses among first, second, and third 
degree relatives to assess eligibility for HBOC testing as 
shown in Figure 1 under "unaffecteds." (We had no data 
source to evaluate the criterion "known deleterious BRCA 
1/2 pathogenic variant in family".)

The study was approved by both the Institutional 
Review Boards of the University of Utah and Intermountain 
Healthcare.

2.2  |  Statistical analysis
We conducted descriptive analysis tabulating incident breast 
and ovarian cancer cases by the presence or absence of can-
cer characteristics meeting specific NCCN criteria and ac-
cording to characteristics of the case at diagnosis including 
race, ethnicity, and place of residence. SEER*Stat software 
was used. For analyses incorporating family history criteria, 

F I G U R E  1   Hereditary breast and 
ovarian cancer syndrome testing criteria*

Individuals with a diagnosis of breast†, ovarian‡, prostate§, or pancreatic cancer meeting one or 
more of:

• Criteria based on diagnostic characteristics only
Breast cancer diagnosed at age ≤45 years
Triple negative breast cancer diagnosed at age ≤60 years
Two primary breast cancer diagnoses with one diagnosed at age ≤50 years
Male breast cancer
Ovarian cancer

• Criteria based on combinations of diagnosis with personal characteristics or family 
historyǁ

Breast cancer and Ashkenazi Jewish decent
Breast cancer diagnosed at age ≤50 years and ≥1 close biological relative with 
breast, pancreatic, or prostate cancer
Breast cancer diagnosed at age ≤50 years and an unknown or limited family 
history
Breast cancer and ≥1 close biological relative with breast cancer diagnosed at 
age ≤50 years
Breast cancer and ≥1 close biological relative with ovarian cancer
Breast cancer and ≥2 close biological relatives breast, pancreatic, or prostate 
cancer
Breast cancer and a male close biological relative with breast cancer
Pancreatic cancer and Ashkenazi Jewish decent
Prostate cancer and ≥1 close biological relative with breast cancer diagnosed at 
age ≤50 years and/or ovarian cancer and/or pancreatic cancer and/or prostate 
cancer
Pancreatic cancer and ≥1 close biological relative with breast cancer diagnosed 
at age ≤50 years and/or ovarian cancer and/or pancreatic cancer and/or prostate 
cancer

Unaffected¶ individuals based on family history of cancer 
• Known deleterious BRCA1/2 mutation in family
• First or second degree relative with a breast or ovarian cancer diagnosis meeting 

testing criteria
• Third-degree blood relative with breast cancer and/or ovarian cancer with ≥2 close 

blood relatives with breast cancer (at least one diagnosed at age ≤ 50y) and/or ovarian 
cancer

* Based on National Comprehensive Cancer Network criteria, version 2.2015
† Breast cancer includes ductal cancer in situ and invasive; see Supplemental Table 1 for site and histology codes.
‡ Ovarian cancer includes epithelial ovarian cancer, primary peritoneal cancer, or fallopian tube cancer, see 
Supplemental Table 1 for site and histology codes.
§ Prostate cancer with Gleason's score ≥7
ǁ Family history of a close biological relative (first, second, or third degree) on the same side
¶ Individuals with no personal diagnosis of cancer meeting testing criteria included among "unaffected".
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a data set consisting of Utah Cancer Registry data linked by 
UPDB to family history variables was created and analyzed 
using SAS v9.2.

3  |   RESULTS

3.1  |  Breast and ovarian cancer cases 
meeting testing criteria based on diagnostic 
characteristics
From 2010 to 2015, 426,972 breast cancers (including inva-
sive cancers and ductal carcinoma in situ) were diagnosed in 
the 18 SEER regions (Table 1). Based on diagnostic char-
acteristics in the SEER data, overall 18.1% (n = 77 487) of 
breast cancer cases met one or more NCCN criteria for ge-
netic testing. Among the female cases (n = 423 795), 12.2% 
(n = 51 631) met criteria due to being diagnosed at or below 
the age of 45. Young age at diagnosis was most prevalent 
among Hispanics (20.4%), followed by Asian or Pacific 
Islander (17.7%), with non‐Hispanic whites having the low-
est proportion diagnosed under 45. The criterion of triple 
negative (ER/PR/Her2) breast cancer diagnosed in a woman 
younger than 60  years of age was met by 4.9% of female 
cases overall, and at a higher proportion (10.0%) in black 
or African American cases. Only 2.8% of cases met testing 
criteria based on a second breast cancer diagnosis with one 
at or before age 50. A diagnosis of male breast cancer oc-
curred in 3,177 individuals, accounting for 0.7% of breast 
cancer cases.

During the same 2010‐2015 timeframe, 43  476 women 
were diagnosed with ovarian, fallopian tube, or primary peri-
toneal cancer. Of these, only non‐epithelial ovarian cancers 
do not meet criteria for genetic testing, and the remaining 
35 479 (81.6%) do meet NCCN criteria. Non‐Hispanic White 
had the highest rate of ovarian cancers that met testing crite-
ria (83.6%), followed by American Indian or Alaska Native 
(81.1%) and Asian or Pacific Islander (80.2%).

3.2  |  Utah cancer cases meeting diagnostic 
criteria for genetic testing based on 
family history
There were 5590 total breast cancer cases diagnosed in Utah 
from 2010 to 2015 with evaluable family history. Breast can-
cer cases who met criteria for family history and/or diagnostic 
criteria comprised the majority, 62.9% of breast cancers in the 
population (Table 2). Of the total breast cancer cases, 21.6% 
(n  =  1207) met diagnostic criteria for genetic testing. When 
UPDB pedigree information was included, 54.9% (n = 3068) 
of breast cancer cases met NCCN testing family history criteria. 
Breast cancer cases with a family history of solely breast cancer 
comprised 13% (n = 398) of the cases meeting family history 
criteria (Figure 2A). Others met criteria based on ovarian cancer 

family history only or combinations of breast or ovarian with 
male breast, prostate (Gleason ≥7), and pancreatic cancers.

Family history criteria may also indicate that genetic test-
ing for HBOC is appropriate for individuals with a diagnosis 
of prostate or pancreatic cancer. The Utah data indicate that 
24.3% of prostate cancers and 51.0% of pancreatic cancers met 
any NCCN testing criteria at the time of diagnosis (Table 2). 
Although NCCN guidelines now have broader diagnostic crite-
ria for prostate and pancreatic cancer referral, family history of 
pancreas or prostate cancer was the largest contributor to meet-
ing criteria for both of these cancer sites because diagnostic cri-
teria for these cancers were not included in the version of the 
guidelines used for this study. (Figure 2C,D).

3.3  |  Unaffected individuals in Utah who 
meet criteria for genetic evaluation
Individuals with no personal cancer diagnosis meeting HBOC 
criteria can be recommended for testing if they are a relative 
of an individual(s) with certain cancer diagnoses. In UPDB, 
about 1.7 million living individuals (from a state population 
of approximately 3 million) were evaluable for family his-
tory. In total, 11.6% (n = 197 601) of the unaffected, evalu-
ated Utah population met HBOC criteria for genetic testing 
based on family history (Table 3). The most frequent con-
tributing factor was a second‐degree relative with a cancer 
diagnosis meeting a criterion.

4  |   DISCUSSION

Given the limited availability of objectively determined fam-
ily cancer history data,12 predicting the prevalence of individ-
uals in the general population who will meet genetic testing 
criteria is a significant challenge. In this study, utilizing a 
database that incorporates cancer registry data with extensive 
genealogies allows the first estimate of a state's prevalence 
of individuals in the general population who meet HBOC 
criteria. This was measured using both a snapshot approach 
for individuals with a diagnosis of cancer in 2010‐2015, and 
by identifying living individuals who meet HBOC criteria. 
We found that more than 50% of individuals diagnosed with 
breast, ovarian, or pancreatic cancer meet criteria at the time 
of diagnosis. This is higher than previous studies that have 
shown approximately 35.6% of breast cancer patients meet-
ing NCCN criteria;19 however, these were based on in‐home 
family interviews, not objective cancer data. We estimate 
that 11.6% of the unaffected Utah population meets criteria 
for genetic testing for BRCA1 and BRCA2 pathogenic vari-
ants based on family history extended out to second degree 
relatives.

Although NCCN guidelines present testing criteria for 
unaffected individuals, they recommend that genetic testing 
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begin with an affected case as feasible.20 This both mini-
mizes potentially unnecessary testing expense and provides 
the most accurate risk assessment for a family. Given that 
family members (with the exception of monozygotic twins) 
are at most 50% genetically similar, testing an affected 
patient has the highest likelihood of identifying a genetic 
susceptibility for their cancer diagnosis. Negative genetic 
testing in an unaffected first‐degree relative can be unin-
formative, as it will remain unknown whether the affected 
patient had a genetic susceptibility to their cancer diagnosis. 
Furthermore, unaffected relatives with negative germline 
testing often undergo increased cancer screening that may 
unnecessary if they were found to be “true negatives” when 
an affected relative has a pathogenic variant identified. If 
an affected individual tests negative, genetic testing is not 
indicated for their relatives, which allows for optimal usage 
of health care resources. A limitation of the present study 
is that genetic testing status and results were not available. 
Therefore, it is presumed a portion of those found to meet 
criteria for testing in this study do not need genetic testing 
given previous family member testing and/or previous test-
ing for themselves.

Quantifying the need for genetic testing can also have 
implications for clinician staffing and conversations with pa-
tients during appointments. Identifying cases that need ge-
netic evaluation lies in the oncologists’ realm, however, other 
clinicians can oversee the risk assessment and genetic test-
ing portion. Genetic counselors can be utilized to facilitate 
the genetic testing process for this large population, notably 
in cancer institutes who see high volumes of HBOC‐related 
cancers that would meet criteria for genetic testing.

Since our initial analysis, NCCN guidelines have ex-
panded to recommend genetic testing for all patients with 
pancreatic cancer or metastatic prostate cancer regardless of 
family history.20,21 Given these ever‐expanding guidelines, it 
is expected that analysis performed using updated guidelines 
would show pancreatic cancer having similar case propor-
tions to the ovarian cancer analyses performed. Similarly, 
the proportion of prostate cancer cases meeting criteria will 
be significantly increased. There is also evidence that pa-
tients who do not meet current referral criteria may also have 
pathogenic variants and would benefit from testing. This re-
sults in an expected increase in individuals meeting criteria 
for genetic services, which must be addressed on multiple 
levels.

In general, identifying the most appropriate unaffected 
patients to maximize genetic testing impact is typically a re-
sponsibility of primary care providers and other physicians. 
Given that over 10% of primary care providers' patient cohort 
is indicated for genetic testing, and up to 60% of an oncolo-
gists' patient cohort, family health history remains an import-
ant part of the initial intake. Asking patients about cancers 
in the family across all specialties, along with type and age 
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of diagnosis, can allow for a comprehensive health history to 
facilitate genetic testing in appropriate patients.

Ultimately, better identification of individuals who 
meet genetic testing criteria, paired with expanded guide-
lines, will dramatically drive demand for genetic services. 
Considering options for genetic counseling and information 
service delivery will be crucial to meet this demand. From 
training a growing genetic counseling workforce, to part-
nering with non‐genetics providers to provide collaborative 
genetics education, providers across various specialties, 
not limited to primary care and genetic counselors, must 
come together to increase appropriate identification and 

provision of genetic services to individuals. Policy‐level 
considerations that address geographic and socioeconomic 
disparities will also be imperative to ensure widespread ac-
cess to genetic services.

This study is a snapshot of one state and may be an over 
or underestimate of the true national population that meets 
HBOC criteria. Utah has the highest average number of chil-
dren per household in the country (2.21, national median 
1.85), and with larger family sizes, the proportion of unaf-
fected individuals who have a relative with a cancer diag-
nosis may be somewhat larger than in other US states and 
therefore the Utah estimates may overestimate the number 

T A B L E  2   Prevalence of cancer cases with diagnostic characteristics or family history meeting hereditary breast and ovarian cancer (HBOC) 
testing criteria at the time of diagnosis, Utaha 2010‐2015

Total

Race and Ethnicityb

Non‐Hispanic 
White Hispanic Other

n % n % n % n %

Breast cancer, total 5590 5353 144 93

Meets any criterion for testingc

Yes 3515 62.9 3409 63.7 70 48.6 36 38.7

No 2075 37.1 1944 36.3 74 51.4 57 61.3

Meets criteria based on diagnostic characteristicsd

Yes 1207 21.6 1137 21.2 49 34.0 21 22.6

No 4383 78.4 4216 78.8 95 66.0 72 77.4

Meets criteria based on family history

Yes 3068 54.9 3006 56.2 39 27.1 23 24.7

No 2522 45.1 2347 43.8 105 72.9 70 75.3

Ovarian, primary peritoneal, or fallopian tube cancer, 
total

539 516 19 <5

Meets any criterion for testinge

Yes 506 93.9 485 94.0 17 89.5 <5 100.0

No 33 6.1 31 6.0 <5 10.5 0 0.0

Prostate cancer, total 5335 4997 106 232

Meets criteria based on Gleason ≥7 and family history

Yes 1297 24.3 1248 25.0 9 8.5 40 17.2

No, Gleason ≥7 but no family history 1590 29.8 1492 29.9 42 39.6 56 24.1

No, Gleason <7 2448 45.9 2257 45.2 55 51.9 136 58.6

Pancreatic cancer, total 888 824 45 19

Meets criteria based on family history

Yes 453 51.0 439 53.3 10 22.2 <5 21.1

No 435 49.0 385 46.7 35 77.8 15 78.9
aTable limited to cases who had ≥3 adult relatives living in Utah for evaluation of family history. 
bHispanic includes Hispanic or Latino, of any race. Other includes Black or African American, Asian or Pacific Islander, American Indian or Alaska Native, and other 
or unknown. 
c"Yes" if meets diagnostic criteria or family history criteria. Rows may not add to total because a case may meet more than one criterion. 
d"Yes" if male, diagnosed ≤age 45, triple negative and diagnosed ≤age 60, or second breast primary. 
e"Yes" if epithelial ovarian or any fallopian tube or primary peritoneal cancer. 
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of at‐risk relatives compared to other geographic areas. 
UPDB captures cancer diagnoses only for Utah residents; 
to the extent that Utah residents have relatives who reside 
in other states, the family history may be underestimated. In 
addition, prevalence may be higher in states with larger pop-
ulations of Ashkenazi Jewish descent given their increased 
incidence of BRCA1/2 pathogenic variants. Limitations 
aside, this is the first study to utilize objective family cancer 
history and diagnostic criteria from a SEER cancer registry 
to quantify the percentage of individuals in a state meeting 
NCCN HBOC criteria.

Overall, this study highlights the large proportion of a 
state's population that may qualify for genetic testing, al-
though it is limited in that it does not account for those who 
have undergone genetic evaluation. Efforts focused on iden-
tifying affected cases can have the greatest impact on re-
source utilization and efficiently evaluating this population. 
Given the high proportion of breast, pancreatic, prostate, and 
ovarian cases that meet criteria due to family history, there 
is a need for heightened awareness of family health history. 
In families where testing the affected case is not possible, 
evaluation of the unaffected population to identify high‐risk 

F I G U R E  2   Cancer sites among relatives who contribute to family cancer history for incident cancer cases with a diagnosis of breast (A), 
prostate (B), or pancreatic (C) cancer, Utah 2010‐2015

A

C

B



      |  6797GREENBERG et al.

individuals who may benefit from HBOC genetic testing is 
necessary.
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