
Objectives: The advent of germline testing as a standard-of-
care practice for certain tumor types and patients presents 
unique opportunities and challenges for the field of precision on-
cology. This article describes strategies to address workforce 
capacity, organizational structure, and genetics education needs 
within the US Department of Veterans Affairs (VA) with the ex-
pectation that these approaches may be applicable to other 
health care systems.

Observations: Germline information can have health, reproduc-
tive, and psychosocial implications for veterans and their family 
members, which can pose challenges when delivering germline 
information in the setting of cancer care. Additional challenges 
include the complexity inherent in the interpretation of germline 

information, the national shortage of genetics professionals, lim-
ited awareness and knowledge about genetic principles among 
many clinicians, and organizational barriers, such as the inability 
to order genetic tests and receive results in the electronic health 
record. These challenges demand thoughtful implementation 
planning at the health care system level to develop sustainable 
strategies for the delivery of high-quality genetic services in preci-
sion oncology practice. 

Conclusions: The VA is uniquely positioned to address the in-
tegration of germline genetic testing into precision oncology 
practice due to its outsized role in treating veterans with cancer, 
training the health care workforce, and developing, testing, and 
implementing innovative models of clinical care.
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The US Department of Veterans Affairs 
(VA) oversees the largest integrated 
health care system in the nation, ad-

ministering care to 9 million veterans an-
nually throughout its distributed network of  
1,255 medical centers and outpatient facilities. 
Every year, about 50,000 veterans are diag-
nosed with and treated for cancer in the VA, 
representing about 3% of all cancer cases in 
the US.1 After skin cancer, prostate, colon, and 
lung cancers are the most common among vet-
erans.1 One way that VA has sought to improve 
the care of its large cancer patient population is 
through the adoption of precision oncology, an 
ever-evolving practice of analyzing an individual 
patient’s cancer to inform clinical decision mak-
ing. Most often, the analysis includes conduct-
ing genetic testing of the tumor itself. Here, we 
describe the opportunities and challenges of 
integrating germline genetics into precision on-
cology practice.

THE INTERSECTION OF PRECISION 
ONCOLOGY AND GERMLINE GENETICS
Precision oncology typically refers to genetic 
testing of tumor DNA to identify genetic variants 
with potential diagnostic, prognostic, or predic-
tive therapeutic implications. It is enabled by a 
growing body of knowledge that identifies key 
drivers of cancer development, coupled with ad-
vances in tumor analysis by next-generation se-
quencing and other technologies and by the 

availability of new and repurposed therapeu-
tic agents.2 Precision oncology has transformed 
cancer care by targeting both common and rare 
malignancies with specific therapies that improve 
clinical outcomes in patients.3 

Testing of tumor DNA can reveal both somatic 
(acquired) and germline (inherited) gene variants. 
Precision oncology testing strategies can include 
tumor-only testing with or without subtraction of 
suspected germline variants, or paired tumor-
normal testing with explicit analysis and reporting 
of genes associated with germline predisposi-
tion.2 With tumor-only testing, the germline status 
of variants may be inferred and follow-up germ-
line testing in normal tissue such as blood or 
saliva can be considered. Paired tumor-normal 
testing provides distinct advantages over tumor-
only testing, including improvement of the mu-
tation detection rate in tumors and streamlining 
interpretation of results for both the tumor and 
germline tests. 

Regardless of the strategy used, tumor test-
ing has the potential to uncover clinically rele-
vant germline variation associated with heritable 
cancer susceptibility and other conditions, as 
well as carrier status for autosomal recessive dis-
orders (eAppendix can be found online at doi: 
10.12788/fp.0033). For example, in the VA, there 
is widespread use of a 309-gene tumor-testing 
panel. When we searched the Online Mende-
lian Inheritance in Man database (www.omin.org) 
for these 309 genes, we found 156 (50.5%) were  
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associated with 230 hereditary disorders that 
have potential clinical relevance for adults. (We 
excluded disorders with developmental delay, 
intellectual disability, and/or multiple congeni-
tal anomalies.) Of the 230 hereditary disorders,  
86 (37.4%) are associated with inherited can-
cer predisposition with the remainder associated 
with neurologic, cardiovascular, immunodefi-
ciency, metabolic, overgrowth syndromes, and 
other disorders. Almost 70% of the 230 disor-
ders are due to autosomal dominant inheritance, 
and 11 (5%) are due to somatic mosaicism 
(eg, McCune Albright syndrome, Sturge-Weber 
syndrome, and Proteus syndrome). Fifty-eight 
(25%) are due to autosomal or X-linked re-
cessive inheritance with reproductive implica-
tions for veterans or their family members (eg,  
Fanconi anemia, constitutional mismatch repair 
deficiency, juvenile Parkinson disease type 2, ret-
initis pigmentosa 38, and spastic paraplegia 45). 

Germline genetic information, indepen-
dent of somatic variation, can influence the 
choice of targeted cancer therapies. For exam-
ple, Mandelker and colleagues identified germ-
line variants that would impact the treatment 
of 38 (3.7%) of 1,040 patients with cancer.4 In-
dividuals with a germline pathogenic variant in 
a DNA repair gene (eg, BRCA1, BRCA2, ATM, 
CHEK2) are candidates for platinum chemother-
apy and poly-(adenosine diphosphate-ribose) 
polymerase (PARP) inhibitors that target the in-
ability of a tumor to repair double-stranded DNA 
breaks.5,6 Individuals with a germline pathogenic 
variant in the MSH2, MLH1, MSH6, PMS2 or 
EPCAM genes (ie, Lynch syndrome) have tu-
mors that are deficient in mismatch repair, and 
these tumors are responsive to inhibitors of the 
programmed death 1 (PD1) pathway.7,8 

In addition to changing treatment decisions, 
identifying pathogenic germline variants can 
have health, reproductive, and psychosocial im-
plications for the patient and the patient’s fam-
ily members.9,10 A pathogenic germline variant 
can imply disease risk for both the patient and 
his or her relatives. In these cases, it is important 
to ascertain family history, understand the mode 
of inheritance, identify at-risk relatives, review 
the associated phenotype, and discuss man-
agement and prevention options for the patient 
and for family members. For example, a germline 
pathogenic variant in the BRCA2 gene is associ-
ated with increased risk for breast, ovarian, pan-
creatic, gastric, bile duct, and laryngeal cancer, 
and melanoma.11 Knowledge of these increased 

cancer risks could inform cancer prevention and 
early detection options, such as more frequent 
and intensive surveillance starting at younger 
ages compared with that of average-risk individ-
uals, use of chemoprevention treatments, and for 
those at highest risk, risk-reducing surgical pro-
cedures. Therefore, reporting germline test re-
sults requires the clinician to take on additional 
responsibilities beyond those required when re-
porting only somatic variants. 

Because of the complexities inherent in 
germline genetic testing, it traditionally is offered 
in the context of a genetic consultation, com-
prised of genetic evaluation and genetic coun-
seling (Figure). Clinical geneticists are physicians 
certified by the American Board of Medical  

FIGURE Genetic Consultation: A Shared Decision-Making 
Process

Genetic testing for hereditary cancer syndromes typically is offered in the setting of genetic 
consultation comprised of evaluation and counseling processes. Genetic evaluation for 
a hereditary condition is a process informed by comprehensive review and synthesis of 
medical history, social history, exposure history, family history, physical examination, and 
results from pathology reports, laboratory tests, imaging, procedures, and consultations. 
Genetic evaluation results in a differential diagnosis, including both genetic and nongenetic 
diagnoses. If indicated, a genetic testing strategy is recommended to further inform the 
differential diagnosis or risk assessment. Clinical decision making based on the genetic 
diagnosis may include recommendations for additional diagnostic evaluation (eg, imag-
ing or procedures), disease management and prevention, reproductive options, lifestyle 
changes, and longitudinal follow-up. Genetic counseling is a communication process that 
facilitates patient decision making surrounding the genetic evaluation. Patient preferences, 
values, family dynamics, educational level, and cultural norms are considered and inform 
the patient’s perception and knowledge of their genetic diagnosis or risk, and self-efficacy 
to cope with and make decisions based on this information.
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Genetics and Genomics (a member board of 
the American Board of Medical Specialties) who 
received special training in the diagnosis and 
management of medical genetic conditions; they 
are trained to perform all aspects of a genetic 
consultation across the clinical spectrum and 
lifespan of a patient.12 In contrast, genetic coun-
selors have a master’s degree in genetic coun-
seling, a communication process that facilitates 
patient decision making surrounding the ge-
netic evaluation.13 Most work as members of a 
team to ensure provision of comprehensive clin-
ical genetic services. Genetic counselors are li-
censed in most states, and licensure in some 
states sanctions the ordering of genetic tests 
by genetic counselors. Genetics nurses are li-
censed professional nurses with special edu-
cation and training in genetics who function in 
diverse roles in industry, education, research, 
and clinical care.14 Genetics nurses in clinical 
care perform risk assessment based on per-
sonal and family history, recognize and iden-
tify genetic conditions and predispositions, and 
discuss the implications of this with patients 
and their families. Advanced practice nurses 
(APRNs) have additional training that allows for 
diagnosis, interpretation of results, and surveil-
lance and management recommendations.15

GERMLINE GENETIC TESTING 
CHALLENGES
Integrating germline genetic testing in precision 
oncology practice presents challenges at the 
patient, family, health care provider, and health 
system levels. Due to these challenges, imple-
mentation planning is obligatory, as germline 
testing has become a standard-of-care for cer-
tain tumor types and patients.2

On learning of a germline pathogenic vari-
ant or variant of uncertain significance, patients 
may experience distress and anxiety, especially 
in the short term.16-18 In addition, it can be diffi-
cult for patients to share germline genetic test 
results with their family; parents may feel guilty 
about the possibility of passing on a predisposi-
tion to children, and unaffected siblings may ex-
perience survivor guilt. For some veterans, there 
can be concerns about losing service-connected 
benefits if a genetic factor is found to contrib-
ute to their cancer history. In addition, patients 
may have concerns about discrimination by em-
ployers or insurers, including commercial health 
insurance or long-term care, disability, and life 
insurance. Yet there are many state and federal 

laws that ensure some protection from employ-
ment and health insurance discrimination based 
on genetic information.

For cancer care clinicians, incorporating 
germline testing requires additional responsibili-
ties that can complicate care. Prior to germline 
genetic testing, genetic counseling with patients 
is recommended to review the potential benefits, 
harms, and limitations of genetic testing. Further, 
posttest genetic counseling is recommended to 
help the patient understand how the results may 
influence future cancer risks, provide recommen-
dations for cancer management and prevention, 
and discuss implications for family members.9,10 
While patients trust their health care providers 
to help them access and understand their ge-
netic information, most health care providers 
are unprepared to integrate genetics into their 
practice; they lack adequate knowledge, skills, 
and confidence about genetics to effectively de-
liver genetic services.19-26 This leads to failure to 
recognize patients with indications for genetic 
testing, which often is due to insufficient family 
history collection. Other errors can include offer-
ing germline genetic testing to patients without 
appropriate indications and with inadequate in-
formed consent procedures. When genetic test-
ing is pursued, lack of knowledge about genetic 
principles and testing methods can lead to mis-
interpretation and miscommunication of results, 
contributing to inappropriate management rec-
ommendations. These errors can contribute to 
under-use, overuse, or misuse of genetic test-
ing that can compromise the quality of patient 
care.27,28 With this in mind, thought must be given 
at the health care system level to develop effec-
tive strategies to deliver genetic services to pa-
tients. These strategies must address workforce 
capacity, organizational structure, and education. 

Workforce Capacity
The VA clinical genetics workforce needs 
to expand to keep pace with increasing de-
mand, which will be accelerated by the pre-
cision oncology programs for prostate 
and lung cancers and the VA Teleoncol-
ogy initiative. In the US there are 10 to 15 
genetics professionals per 1,000,000 resi-
dents.29-31 Most genetics professionals work 
in academic and metropolitan settings, 
leaving suburban and rural areas under-
served. For example, in California, some pa-
tients travel up to 386 miles for genetics care 
(mean, 76.6 miles).32 In the VA, there are only  
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1 to 2 genetics professionals per 1 million en-
rollees, about 10-fold fewer than in community 
care. Meeting clinical needs of patients at the 
VA is particularly challenging because more 
than one-third of veterans live in rural areas.33 

We recently surveyed genetics professionals 
in the VA about their practices and capacity to 
increase patient throughput (Table). Currently in 
the VA, there are 8 clinical geneticists, not all of 
whom practice clinical genetics, and 13 genetic 
counselors. Five VA programs provide clinical 
genetic services to local and nearby VA facilities 
near Boston, Massachusetts; Houston, Texas; 
Los Angeles and San Francisco, California; and 
Salt Lake City, Utah. These programs, first de-
veloped in 2008, typically are staffed by 1 or  
2 genetics professionals. Most patients who are 
referred to the VA genetics programs are evalu-

ated for hereditary cancer syndromes. Multiple 
modes of delivery may be used, including in-per-
son, telehealth, telephone, and provider-to-pro-
vider e-consults in the EHR. 

In 2010, in response to increased demand for 
clinical genetics services, the VA launched the 
Genomic Medicine Service (GMS), a national pro-
gram with a centralized team of 9 genetic coun-
selors based in Salt Lake City. GMS provides 
telehealth genetic counseling services exclusively 
to veterans onsite and at about 90 VA facilities 
across the country. More recently, the addition of 
a clinical geneticist and APRN with genetics ex-
pertise has allowed GMS to provide more com-
prehensive genetic consultative services.

All VA genetics programs are currently at full 
capacity with long waits for an appointment. To 
expand clinical genetic services, the VA genetics 

TABLE Self-Reported Characteristics of Practicing Genetics Professionals in the VA

 
Characteristics

Clinical Geneticist/APRN
(n = 5)a

Genetic Counselors 
(n = 12)b

Board certified in genetics, % 80c 100

Years since genetics training, mean (range) 12.3 (5-27) 7.5 (1-18)

Clinical specialty area other than genetics, % 100 16.7

Years as VA employee, mean (range) 9.6 (9-12) 3.7 (0.75-10)

Appointment with an academic affiliate, % 60 8.3

Full-time VA employees, % 60 83

Clinical full-time equivalent, mean (range), % 64.4 (20-100) 99.8 (95-100)

Half-day genetics clinics per week, mean (range), No. 2.6 (1-5) 3.3 (1-4)

Patients per half-day genetics clinic, mean (range), No. 3.6 (3-4) 4.4 (4-5)

Days until next available appointment, mean (range) 68.4 (0-120) 42.3 (30-45)

Conducts genetics encounters, %
     in person
     via telehealth
     by telephone
     by provider-to-provider electronic consult

100
40
80
100

25
75
25
8.3

Cases referred for suspected hereditary cancer syndrome, % 50-60 60-75

Capacity to see more patients, % 60 0d

Abbreviations: APRN, advanced practice registered nurse; VA, US Department of Veterans Affairs.
aThere are 7 clinical geneticists working for the VA and responses from 4 are included along with responses from 1 APRN; at least 2 clinical 
geneticists who are not seeing patients for genetic consultation and are not included. One clinical geneticist included discontinued participation in 
a genetics clinic June 2020.
bOne genetic counselor separated in May 2020. One genetic counselor (not included) is employed to conduct research only.
cIncludes only the 4 clinical geneticists; the APRN is not board certified in genetics.
dNone of the genetic counselors indicated an ability to increase their capacity responding with unsure, unknown, or maybe.
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professionals responding to our survey reported 
a need for additional support (eg, administrative, 
care coordination, clinical), resources (eg, clini-
cal space, salary support), and organizational 
change (eg, division of Medical Genetics at fa-
cility level, services provided at the level of the 
Veterans Integrated Service Network). Given the 
dearth of genetic care providers in the commu-
nity, referral to non-VA care is not a viable option 
in many markets. In addition, avoiding referral 
outside of the VA could help to ensure continuity 
of care, more efficient care, and reduce the risk 
of duplication of testing, and polypharmacy.34-37

As part of its precision oncology initiative, VA 
is focusing on building clinical genetics services 
capacity. To increase access to clinical genetic 
services and appropriate genetic testing, the 
VA needs more genetics professionals, includ-
ing clinical geneticists, genetic counselors, and 
genetic nurses–ideally a workforce study could 
be performed to inform the right staffing mix 
needed. To grow the genetics workforce in the 
long term, the VA could leverage its academic 
affiliations to train the next generation of genet-
ics professionals. The VA has an important role 
in training medical professionals. By forming af-
filiations with medical schools and universities, 
the VA has become the largest provider of health 
care training in the US.38

Genetic Health Care Organization  
in the VA 
Understanding a patient’s genetic background 
increasingly has become more and more im-
portant in the clinic, which necessitates a 
major shift in health care. Unfortunately, on a 
national scale, the number of clinical genetics 
professionals has not kept pace with the need- 
limiting the ability to grow the traditional ge-
netics workforce in the VA in the near term.29-31 
Thus, we must look to alternative genetic health 
care models in which other members of the 
health care team assume some of the genetic 
evaluation and counseling activities while caring 
for their cancer patients with referral to a clinical 
genetics team, as needed.39

Two genetic health care models have been 
described.40 Traditionally, clinical genetic services 
are coordinated between genetics profession-
als and other clinicians, organized as a regional 
genetics center and usually affiliated with an ac-
ademic medical center. By contrast, the non-
traditional genetic health care model integrates 
genetic services within primary and specialty 

care. Under the new approach, nongeneticists 
can be assisted by decision support tools in the 
EHR that help with assessing family history risk, 
identifying indications for genetic testing, and 
suggesting management options based on ge-
netic test results.41-43

The VA National Precision Oncology Program  
(NPOP) is shaped by a commitment to be a high 
reliability organization (HRO). As such, the goal is 
to create a system of excellence that integrates 
precision medicine, implementation science, and 
the learning health care system to improve the 
health and health care of veterans with cancer. 
This initiative is establishing the foundations for 
best-in-class cancer care to enable veterans ac-
cess to life-saving therapies through a concerted 
effort that began with the Cancer Moonshot, de-
velopment of the NPOP, and collaborations with 
the VA Office of Research and Development. 
One of the fundamental objectives of this initia-
tive is to implement strategies that ensure clinical 
genetic services are available to veterans receiv-
ing cancer care at all VA facilities and to extend 
these services to veterans in remote geographic 
locations nationwide. The initiative aims to syn-
ergize VA Teleoncology services that seek to de-
liver best-in-class oncology care across the VA 
enterprise using cutting-edge technologies. 

CONCLUSIONS
To accomplish the goal of delivering world-
class clinical genetic services to veterans and 
meet the increasing needs of precision oncol-
ogy and support quality genetic health care, 
the VA must develop an integrated system of 
genetic health care that will have a network 
of clinical genetics that interfaces with other 
clinical and operational programs, genomics 
researchers, and educational programs to sup-
port quality genetic health care. The VA has 
highly qualified and dedicated genetics profes-
sionals at many sites across the country. Con-
necting them could create powerful synergies 
that would benefit patients and strengthen the 
genetics workforce. The clinical genetics net-
work will enable development and dissemina-
tion of evidence-based policies, protocols, and 
clinical pathways for genomic medicine. This 
will help to identify, benchmark, and promote 
best practices for clinical genetic services, and 
increase access, increase efficiencies, and re-
duce variability in the care delivered. 

The VA is well positioned to achieve success-
ful implementation of genetic services given its 
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investment in genomic medicine and the com-
mitment of the VA NPOP. However, there is a 
need for structured and targeted implementa-
tion strategies for genetic services in the VA, as 
uptake of this innovation will not occur by pas-
sive diffusion.44,45 To keep pace with the demand 
for germline testing in veterans, VA may want to 
consider an outsized focus on training genet-
ics professionals, given the high demand for this 
expertise. Perhaps most importantly, the VA will 
need to better prepare its frontline clinical work-
force to integrate genetics into their practice. 
This could be facilitated by identifying implemen-
tation strategies and educational programs for 
genomic medicine that help clinicians to think 
genetically while caring for their patients, per-
forming aspects of family history risk assessment 
and pre- and posttest genetic counseling as they 
are able, and referring complex cases to the clini-
cal genetics network when needed. 

Much is already known on how best to ac-
complish this through studies conducted by 
many talented VA health services researchers.46 
Crucially, clinical tools embedded within the 
VA EHR will be fundamental to these efforts by  
facilitating identification of patients who can 
benefit from genetic services and genetic  
testing at the point of care. Through integration 
of VA research with clinical genetic services, 
the VA will become more prepared to realize 
the promise of genomic medicine for veterans.
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