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Abstract

Background: A critical step in access to genetic testing for hereditary cancer syndromes is referral for genetic
counseling to assess personal and family risk. Individuals meeting testing guidelines have the greatest need to be
evaluated. However, referrals to genetics are underutilized in US patients with hereditary cancer syndromes,
especially within traditionally underserved populations, including racial and ethnic minorities, low-income, and non-
English speaking patients.

Methods: We studied existing processes for referral to genetic evaluation and testing for hereditary cancer risk to
identify areas of potential improvement in delivering these services, especially for traditionally underserved patients.
We conducted a retrospective review of 820 referrals to the Kaiser Permanente Northwest (KPNW) genetics
department containing diagnosis codes for hereditary cancer risk. We classified referrals as high- or low-quality
based on whether sufficient information was provided to determine if patients met national practice guidelines for
testing. Through chart abstraction, we also assessed consistency with practice guidelines, whether the referral
resulted in a visit to the genetics department for evaluation, and clinical characteristics of patients receiving genetic
testing.

Results: Most referrals (n =514, 63%) contained sufficient information to assess the appropriateness of referral; of
those, 92% met practice guidelines for genetic testing. Half of referred patients (50%) were not offered genetic
evaluation; only 31% received genetic testing. We identified several barriers to receiving genetic evaluation and
testing, the biggest barrier being completion of a family history form sent to patients following the referral. Those
with a referral consistent with testing guidelines, were more likely to receive genetic testing than those without
(39% vs. 29%, respectively; p = 0.0058). Traditionally underserved patients were underrepresented in those receiving
genetic evaluation and testing relative to the overall adult KPNW population.
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Conclusions: Process improvements are needed to increase access to genetic services to diagnose hereditary

cancer syndromes prior to development of cancer.

Keywords: Genetic evaluation, Genetic referrals, Hereditary breast and ovarian cancer, Lynch syndrome, Genetic

testing

Background

A critical step in access to genetic testing for hereditary
cancer syndromes is a referral for genetic evaluation to
assess personal and family risk. Referral to genetics is
underutilized in US patients, particularly within under-
served populations [1-3]. Indeed, it is estimated that less
than 1.2% of individuals with Lynch syndrome (LS) and
only 6% of individuals with pathogenic variants in
BRCA1/2 have been identified in the general population
[4-6]. These figures are troubling given that practice
guidelines developed by leading cancer, genetics, and
prevention-focused organizations highlight the import-
ance of identifying individuals with hereditary cancer
syndromes [7, 8]. The consequences of failing to identify
at-risk individuals include missed opportunities to offer
risk-reducing strategies [9, 10], which are especially preva-
lent in traditionally underserved populations [11, 12].

Understanding of how patients are referred to genetic
services (evaluation and receipt of genetic testing, as ap-
propriate, by a genetics provider) and whether guidelines
for genetic testing are followed is necessary to ensure ef-
ficient and effective delivery of care. While there is in-
creasing demand for genetic services related to testing
for hereditary cancer syndromes [13, 14], interest is not
limited to high-risk patients, and is outpacing the cap-
acity of genetics practitioners [15, 16]. Increase in refer-
ral volume can lead to long delays for appointments for
these patients. An efficient process that prioritizes
guideline-appropriate referrals could help ensure equit-
able provision of this valuable resource.

We conducted a retrospective review of referrals to
the Kaiser Permanente Northwest (KPNW) genetics de-
partment during a seven-month period in 2017. This re-
search was part of the Cancer Health Assessments
Reaching Many (CHARM) study. CHARM is one of six
clinical sites of the Clinical Sequencing Evidence-
Generating Research (CSER) consortium (https://cser-
consortium.org/), a national multi-site research program
funded by the National Human Genome Research Insti-
tute (NHGRI) with co-funding from the National Insti-
tute on Minority Health and Health Disparities (NIMH
D) and the National Cancer Institute (NCI) [17].
CHARM examined a multi-faceted intervention to in-
crease access to genetic testing for hereditary cancer
syndromes in populations that have been traditionally
underserved by medical advances. Understanding the
baseline performance of the traditional genetics service

model is critical to identifying and assessing the effect-
iveness of interventions. In this study, we aimed to
evaluate referral quality to document the potential con-
sequences of limiting access to genetics evaluation on
the basis of referral quality. Here we examined referrals
to the KPNW genetics department prior to the imple-
mentation of the CHARM intervention to identify areas
for improvement in the delivery of genetic evaluation
and testing for hereditary cancer risk, especially among
traditionally underserved patient populations.

Methods

Setting

KPNW is an integrated health care delivery system serv-
ing approximately 625,000 members in the greater Port-
land, Oregon area. The study was approved by the
Institutional Review Board at KPNW. No informed con-
sent was requiredfrom subjects as data were anonym-
ously extracted from the EMR. In accordancewith the
Oregon Genetic Privacy law, individuals were either of-
fered theopportunity to opt-out of anonymous research
or were excluded from analyses.All procedures were in
accordance with US Federal Policy for the Protection of
Human Subjects.

Study subjects

Patients can be referred to the genetics department
through their primary care provider, a specialty care pro-
vider, or through self-referral. While multiple syndromes
can lead to hereditary cancer, we limited our review to
adult referrals where the indication included a personal
and/or family history of cancers associated with the most
common hereditary cancer syndromes, Hereditary Breast
and Ovarian Cancer syndrome (HBOC) and Lynch
syndrome (LS) because of the greater familiarity of non-
genetics specialists with these conditions and their
associated referral criteria. Study genetic counselors (JZ,
MG) reviewed a list of all diagnosis codes associated
with referrals and selected cases for inclusion. We in-
cluded referrals if they contained diagnosis codes for in-
vasive and in situ female and male breast cancer, ovarian
cancer (including fallopian tube cancer), endometrial
cancer (of any subtype), colorectal cancer, colon polyps,
stomach cancer, pancreatic cancer, and renal cancer. We
excluded referrals for a family or personal history of
thymoma, “lymph node cancers”, lung cancer, pheochro-
mocytoma, and renal cell carcinoma, in order to limit
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our review to cancers related to the subset of guidelines
that were part of our analysis.

Evaluated referrals were issued from June through De-
cember of 2017. We obtained demographic data from
Electronic Medical Records (EMR). We defined patients
as underserved if they were residents of a medically
underserved area, if they were listed as racial and ethnic
minority (Hispanic or race other than White) in the
EMR, if they were on Medicaid, or if they had a primary
language other than English listed in the EMR. Patient
history of cancer prior to the referral date was assessed
using tumor registry records.

Genetic clinical practice

At the time of the study genetics department practice
was to send a detailed family history form to the patient
following receipt of the referral. Patients were then in-
vited for an initial genetic counseling visit after returning
the family history form; and if they had an urgent clin-
ical need for assessment their appointment may be
scheduled before completion of the form. At the initial
genetic counseling visit, a genetics provider (genetic
counselor or geneticist) evaluated family history to verify
the information provided by the patient in the form and
elicit further details, and offered genetic testing if
deemed clinically appropriate. Genetic testing results
were returned by the genetics provider in person or over
the phone and documented in the EMR.

Referral assessment
We categorized referrals by quality and by consistency
with guidelines.

Assessing Quality: Quality of an eligible referral was
classified as high or low by the genetic counselors (JZ,
MG@G) based on the level of detail provided in the referral
related to the patient’s personal and family cancer his-
tory through diagnosis codes. Referral quality was deter-
mined by assessing the provided documentation of
patient’s: 1) age at diagnosis; 2) sex; 3) primary cancer
site (if applicable); 4) relationship to an index case in the
family (if other relatives previously tested positive); and
5) number and age of affected and unaffected relatives.
A high-quality referral had to include clinical character-
istics to determine whether the patient met national
practice guidelines for hereditary cancer genetic evalu-
ation and testing [7, 8]. Referrals not providing enough
information to decide if genetic evaluation and testing
should be offered, were classified as low-quality referrals.
The genetic counselors (JZ, MG) divided the task of
reviewing the referrals and resolved questions by
discussion.

Assessing Consistency: One genetic counselor (JZ)
assessed each high-quality referrals consistency with
clinical guidelines at two time points: at the time of
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referral, and following initial evaluation of the patient by
a genetics provider. Assessment following the initial
evaluation was based on EMR documentation abstracted
via chart review. Consistent referrals were high-quality
referrals where the patient met at least one criterion for
referral for cancers associated with HBOC or LS based
on the 2015 professional guidelines from NSGC/ACMG
[18]. A non-consistent referral was a high-quality referral
that did not meet any criteria for referral. Low-quality
referrals were coded as unknown.

Manual Chart Review

We conducted detailed chart abstraction of all eligible
referrals using a standardized form implemented in
REDCap [19]. Chart abstraction identified: 1) clinical re-
ferral process steps; 2) if the patient returned a family
history form; 3) if a genetic counseling visit for evalu-
ation was scheduled; 4) if the patient attended a genetic
counseling visit; 5) if genetic testing was offered; 6) if
genetic testing was completed; 7) genetic test type and
results (unknown results were coded as negative); and 8)
whether the patient received the test results.

Statistical analysis

Demographic and clinical characteristics of referred pa-
tients were compared to the overall population of KPNW
adult members in early 2020 using Chi-Square tests (for
categorical variables) and t-tests (for continuous variables).
We assessed the flow of patients through the referral and
testing process with descriptive statistics. Differences in re-
ferral quality by provider specialty were assessed using lo-
gistic regression. Differences in referral outcomes were
assessed using Chi-Square tests. We used a significance
threshold of p < 0.05 for all analyses. Statistical analysis was
conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).

Results

A total of 820 eligible patients were referred to the gen-
etics department during the study period. The referred
population was more likely to be White, non-Hispanic
and female, and to speak English as their primary lan-
guage, compared to the overall KPNW population
(Table 1). About 30% of referred patients had a personal
history of cancer. Referred patients had a mean of 14.9
years of KPNW membership. Most referrals to the
KPNW genetics department were high-quality (63%),
and 92% of high-quality referrals were consistent with
clinical practice guidelines (Fig. 1). Forty-one percent of
referred patients did not complete the family history
form, and as a result, about half of all referred patients
(n =368, 45%) were not offered an appointment with a
genetics provider. However, 143 patients with low-
quality referrals had an appointment scheduled. Of
these, 53 were not offered genetic testing. Patients with
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Table 1 Characteristics of patients referred to genetic services compared to overall adult Kaiser Permanente Northwest membership.

Referral cohort

KPNW current members

Age 18+ Age 18+

N=820 N=500,924

N % N % p-value*
Sex <.0001
Female 761 93 262,068 52
Male 59 7 238370 48
Age <.0001
18-49 416 51 270,933 54
50-64 262 32 123918 25
65+ 142 17 106,073 21
Underserved 219 27 153,940 31 0.0126
Racial/Ethnic minority** 107 13 93,121 19 <.0001
Primary language other than English 18 2 25474 5 0.0002
Medicaid coverage 47 6 32,689 11 0.36
Resident of medically underserved area 82 10 45,843 9 040
Years of KPNW membership
Mean / Std 14.9yrs 12.5yrs 12.7 yrs 12.0yrs <.0001
Personal history of cancer
Any of types listed below 252 31 13,250 3 <.0001
Specific type, not mutually exclusive
Colorectal 15 2 1658 0 <.0001
Endometrial 31 4 1100 0 <.0001
Other Lynch syndrome related*** 9 1 4346 1 048
Breast, male 3 0 24 0 <.0001
Breast, female 184 22 6206 1 <0001
Ovarian 27 3 240 0 <.0001

* p-value from Chi square test, except ‘Years of KPNW’' membership, which comes from t-test

** Hispanic or race other than White

*** Other Lynch syndrome related: stomach, small intestines, intrahepatic bile ducts, renal pelvis, sweat gland/sebaceous carcinoma

high-quality, consistent referrals were more likely to
evaluated and offered genetic testing than patients with
low-quality referrals (39% vs. 24%, respectively; p=
0.0058).

Primary care (37%), gynecology (30%), and oncology
(21%) providers made the most genetics referrals (Fig. 2).
A higher percentage of referrals made by oncology were
high-quality than referrals from primary care (73% vs.
58%; p = 0.0016) (Fig. 3). Patients referred from oncology
and surgery were more likely to have a personal history
of cancer (92 and 52%, respectively), than the patients
referred from other departments.

Overall, more than two-thirds of patients referred to
the genetics department did not get genetic testing
(Fig. 4). Underserved patients (7 =219) were equally as
likely to be referred as the overall population and we did
not observe differences in the outcome of referrals be-
tween these two groups. The largest share of patients
who did not attend a genetic counseling visit to be

evaluated (41% overall and 43% underserved) were lost
to further follow-up because they did not return a family
history form. Of the 406 individuals attending a visit,
70% (69% of the 105 underserved individuals) were of-
fered genetic testing; this made up 35% of all referrals
and 33% of referrals for underserved patients. Among
those who received testing (overall # = 246, underserved
n=64), 66% of those from underserved groups had a
personal history of cancer, compared to 57% of those
who were not known to be from an underserved group
(p=0.21).

There were two primary reasons that people were not
offered testing: 1) they did not meet guidelines based on
additional family history information (74% in high-
quality and 92% in the low-quality group); or 2) it was
documented by the genetics provider that another more
informative family member should be tested first (19
and 8%, of those not offered testing in the high- and
low-quality groups, respectively); these rates were similar
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Fig. 1 Referral quality and compliance to Kaiser Permanente Northwest genetics department for hereditary cancer risk evaluation. A referral was
defined as high-quality if it included enough information to determine if the patient should be offered genetic services based on clinical
guidelines. Prior to contact with the genetics department is defined as using personal and family cancer history included in the diagnosis codes
and referral notes. After contact with genetics department is defined as using information obtained during a pre-test counseling visit

in the overall population and in the underserved
population.

Most tested patients were offered a cancer gene panel
(89%); the remaining 11% were offered a test for a
known familial variant. Thirty-nine patients were offered
genetic testing but did not complete the test (14 active
refusals, 24 passive refusals (did not complete blood
draw); one patient died prior to testing).

Overall, 18% of genetic test results were positive, iden-
tifying pathogenic or likely pathogenic variants; 25%
identified variants of unknown significance (VUS); and
the remainder were negative. The rate of positive results

was not statistically different by referral quality (high-
quality: 19%; low-quality: 15%; p = 0.49).

Discussion

Our study identified several barriers to accessing genetic
evaluation and testing for hereditary cancer syndromes
in an integrated healthcare system setting. First, requir-
ing completion of a family history form before schedul-
ing an appointment appeared to be a major access
barrier. Forty-one percent of referred individuals (in-
cluding 43% of those categorized as underserved) did
not return the form, accordingly, most of them were not

Primary Care, 37%

Others, 2%

Gastroenterology, 3%

| -

Fig. 2 Referrals to Kaiser Permanente Northwest genetics department by provider department. Others include self-referrals and referrals from
other departments including dermatology, endocrinology, urgent care, urology, palliative care, and pediatrics
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Surgery, 7%
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Fig. 3 Proportion of high-quality referrals by referring department at Kaiser Permanente Northwest. Others include self-referrals and referrals from
other departments including dermatology, endocrinology, urgent care, urology, palliative care, pediatrics
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offered genetic evaluation. Second, one in five patients
who returned the family history form did not complete
all the steps required to access genetic services, from not
attending a scheduled evaluation visit through receiving
their test results. These are missed opportunities, espe-
cially since 55% of these patients appear to meet criteria
for testing. Third, about one-third of referrals did not in-
clude enough information to determine if the patient
should be offered genetic counseling to be evaluated
based on clinical guidelines, but the outcome of testing
did not differ by referral quality. Fourth, patients who
received referrals to the genetics department were not
representative of the overall patient population: those re-
ceiving referrals were more likely to be non-Hispanic
and White and female than the overall KPNW
population, suggesting under-referral of underserved
populations.

Our analysis shows that requiring patients to complete
and return a family history form creates a bureaucratic
burden resulting in a major access barrier, even for indi-
viduals with high-quality and guideline-consistent refer-
rals. Many patients for whom testing would be clinically
appropriate did not return the form and thus were not
scheduled for a genetics evaluation. Further, the infor-
mation on this form was not used to prioritize or limit
appointments among patients who completed and
returned the form.

One solution to the barriers to testing identified here
would be to simplify referral criteria. Universal screening
programs that systematically screen all individuals with a
new diagnosis ensure greater equity in access to genetic
evaluation and testing than programs that require add-
itional criteria be met [20-23]. This may be particularly

important considering the high positive genetic testing
rate we observed of 18%, which far exceeds the popula-
tion prevalence of these conditions, and the lack of
statistical difference between outcomes of high- and
low-quality referrals. Guidelines that are complex, with
multiple criteria that are difficult to remember, hinder
the use and systematic implementation of genetics refer-
rals and testing in clinical practice, and many individuals
with genetic risk may be missed using the traditional fa-
milial and risk-based approach [24]. Additional options
for improving access include using an online family his-
tory questionnaire (provider or patient facing) or a chat-
bot as a more structured data collection tools [25-27],
or providing paper-based tools with simplified rules for
referral and systematic scoring, as endorsed by the
United State Preventative Service Task Force [28]. Fur-
ther, broader testing approaches by health care systems
as well as a streamlined pre-test counseling process may
allow for reduced wait times and increased identification
of patients eligible for testing and expanded general ac-
cess to care [29].

Even after receiving a genetics referral, patients face
numerous challenges such as low awareness and know-
ledge of genetic testing, accessibility of genetic service,
or mistrust among others, as they attempt to follow
through with the referral [30]. Once genetic testing was
offered, 86% of patients overall and 89% of underserved
patients had their sample collected for genetic testing —
rates of testing did not differ significantly between
underserved and majority groups. Others have also re-
ported similar rates of genetic testing among under-
served and more advantaged groups once patients are
referred and evaluated [31-33]. Patient perceptions
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Fig. 4 Outcome of patient referrals. Most patients do not complete all the necessary steps to receive genetic services, especially early in the
process by not returning the family history form. Each step shows where patients dropped off the process and were lost to further follow-up.
Rounded percentages are relative to the individuals referred. Clinic and provider factors are shown on the left and patient factors are shown on

about the referral process influence their decision to
seek evaluation and testing. Patients may decline subse-
quent steps if they do not feel at increased genetic risk,
if another family member has tested negative, or if the
referring provider is non-directive or dismissive of the
referral [34].

Our analyses of referral quality indicate that low-
quality referrals were not indicative of patients not quali-
fying for genetic testing. We observed that the rate of
positive genetic test results did not differ between high-
and low-quality referrals. It may be easier for a provider
such as an oncologist to make a high-quality referral
when a patient meets referral guidelines based on their
personal history of cancer compared to a referral is
based solely on family history. Our results support the
idea that the health system should expand genetics cap-
acity or use strategies to ensure genetic evaluation and

testing for all who might benefit that do not place undue
burden on providers (such as by limiting access by refer-
ral quality) or on patients (such as by requiring lengthy
family history forms).

The highly significant difference (p <.0001) between
the proportion of referred members who were docu-
mented as racial/ethnic minorities in the EMR (13%)
and the proportion in the overall KPNW adult popula-
tion (19%) strongly suggests disparities in access to refer-
rals between racial and ethnic groups [35]. While our
data do not allow us to directly compare the racial/eth-
nic makeup of those referred to genetics to KPNW
members who were eligible but not referred, our find-
ings are consistent with past studies that have docu-
mented that women from traditionally underserved
groups, including African American and Hispanic
women, are less likely to receive genetic referral and
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testing than White, non-Hispanic women [31, 36, 37].
Even as utilization of breast and colorectal cancer
screening increases, racial disparities persist [38]. Our
study, similar to what was reported by Peterson et al,
found that disparities start at the initial referral stage
[11]. These findings highlight that traditionally under-
served patients already have less contact with their pro-
viders than more advantaged patient groups even prior
to the referral stage [39, 40]. It is critically important to
increase healthcare access to ensure equitable use of
genetic testing among all patient populations and to ad-
dress additional factors including differences in know-
ledge of family history of cancer [41, 42], awareness of
genetic evaluation and testing, uncertainty about the in-
formation provided, and medical mistrust [3].

Our study echoes the results of several prior studies in
showing that patients with a known personal and family
history of cancer are more likely than those without to be
referred to genetics departments, regardless of their race
or ethnicity [6, 43]. Thus, Yedjou et al. [44] reports that
patients from underserved populations are more likely to
be referred and receive genetic testing having advanced-
stage cancer, while patients who are non-Hispanic White
are more likely to be referred due to known family cancer
history as described by Chapman et al. [9].

The under-identification of people with hereditary
cancer syndromes prevents individuals from receiving
potentially life-saving interventions to reduce or mitigate
their cancer risk [41]. While it may not be surprising
that female patients are more likely to seek or receive a
referral to genetics given that many patients were re-
ferred due to potential risk for HBOC, this nonetheless
represents a care gap for men, who can also be affected
by these hereditary cancer syndromes. An average
KPNW membership of 14.9 years at the time of referral
in this study demonstrates that not only is there ample
opportunity to identify individuals with hereditary can-
cer syndromes sooner, perhaps before developing cancer,
but that these individuals are likely to remain members
in the health system and quite possibly need cancer
treatment in the future if preventive measures are not
taken.

Limitations and future directions

This study has some important limitations. First, we only
included a single integrated health care system during
seven months in 2017. Additionally, we were unable to
determine consistency with guidelines for low-quality re-
ferrals when additional genetic counseling was not of-
fered. We also may have underestimated the proportion
of low-quality referrals by excluding referrals that did
not contain personal or family history diagnosis codes
for cancers associated with hereditary risk from our ana-
lyses. Finally, our study population had limited racial
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and ethnic diversity. Despite these limitations, this study
provides important data on genetic counseling referrals
that will be essential to decreasing the burden of heredi-
tary cancer syndromes. Our study was conducted in an
integrated health system with standardized policies for
coverage of hereditary cancer genetic tests and genetic
counseling, and an existing genetics department, elimin-
ating many of the barriers faced in other systems.

New approaches are needed to improve the efficiency
and effectiveness of identifying individuals with heredi-
tary cancer syndromes, especially those from tradition-
ally underserved populations. Solving initial referral
barriers is not sufficient to address all challenges that pa-
tients face. Additional interventions are needed to en-
sure that patients can complete all the steps in the
process of seeking out and accessing genetic evaluation
and testing, allowing them to reap the benefits of learn-
ing hereditary cancer risk information.

Future studies should evaluate automated tools to as-
sess risk and provide patient and provider education
aiming to increase referral quality [42, 45, 46] as well as
to assess if streamlining the pre-test genetic counseling
process might result in improved and timely access to
genetic testing. Online consent, telehealth visits, and
pre-education may allow more patients to follow
through with receiving genetic referral and reduce bur-
den for healthcare providers. Additional research should
test how different referral strategies impact identification
of individuals with hereditary cancer syndromes to en-
sure that they do not have unintended consequences
that hinder access. Findings of studies like CHARM,
which will examine the use of an online risk assessment
tool, might also offer opportunities to increase access to
genetic testing for hereditary cancer syndromes, espe-
cially in populations that have been traditionally under-
served by the medical system.

Conclusions

Process improvements are needed to ensure equitable
access to genetic evaluation and to increase identifica-
tion of individuals with hereditary cancer syndromes.
Overcoming initial obstacles, such as insurance coverage
or referral, is not sufficient. Strategies are needed to
streamline and support patients in completing all steps
required to access genetic evaluation and testing to
maximize the benefits of learning personal genetic risk
information. Ideally, genetics providers should model
their service delivery to handle larger numbers of pa-
tients, minimizing the need to pre-screen patients
through family history forms or by referral quality.
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