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work� ow (Fig. 1). Simple questions become 
incredibly complex, for example: (i) What 
results will go into the medical record? (ii) 
How will the report be generated? (iii) What 
can be billed and how will this be paid for? 
(iv) What is the clinical oversight for a pro-
gram that incorporates genetic counselors, 
clinical geneticists, pathologists, clinical lab-

oratory personnel, bioinformaticians, data 
analysts, and the ordering clinician? In our 
opinion, the solution is to develop a service 
line that crosses departments and integrates 
the various personnel with the appropriate 
expertise to improve patient care. Develop-
ing a reimbursement strategy is also a major 
challenge, as Medicaid, Medicare, and many 

insurance companies will not pay for WGS,
leaving patients or their providers with the 
bill. How each provider manages this chal-
lenge in the face of an evolving health care 
system requires careful consideration. We 
have had some success by demonstrating 
that the cost of sequencing one whole ge-
nome is more economical than ordering 
multiple genetic tests.

DEMONSTRATING AN ECONOMIC 
ADVANTAGE
For rare diseases and undiagnosed diseases, 
the economic case for WGS is relatively easy,
as the patient and their family have gone 
from clinician to clinician, hospital to hospi-
tal, looking for an answer, while accumulat-
ing huge bills. What about the use of WGS 
for common diseases such as type 2 diabetes, 
heart disease, cancer, or for pharmacoge-
nomic testing to determine which patients 
will have a bene� cial or adverse reaction to 
a drug? Given the potential development 
of disease in everyone and the probabilistic 
nature of genomic data, there is a concern 
that follow-up analysis for secondary � nd-
ings will increase the cost of clinical WGS. As 
was the case for MRI, the clinical teams, the 
hospitals, and the insurance companies will 
need to learn to balance deployment of new 
technologies, including WGS (16). Economic 
considerations should not be the dominant 
reason for delaying implementation of WGS 
in the clinic.

What about WGS for preventive care? Dis-
ease prevention is not considered economical 
because many people have to be screened to 
� nd the few at risk (17). Because everyone 
has a risk for developing at least one disease 
and WGS can expand the accuracy of fam-
ily history, we think that WGS is economical 
in preventive care. Every genome sequenced 
o� ers value, as it provides a reference for an 
individual’s family, as well as for the general 
population. In our opinion, as medical and 
genomic information becomes better inte-
grated, the combined data set will be of even 
greater value to the patient, their family, and 
society. However, the economic advantages 
of WGS still need to be clearly demonstrated, 
and the delay may have spurred the appeal of 
direct-to-consumer genetic testing.

OTHER BARRIERS TO CLINICAL 
DEPLOYMENT
We need to continue to explore and test how 
WGS � ndings can be conveyed to patients 
and their families and how follow-up stud-
ies should be conducted. � e ethical, legal,

Fig. 1. The long and winding road. Shown is the linear � ow for a patient undergoing WGS in our 
genomic medicine clinic. Patients can enter the program at several points. A typical patient is re-
ferred by their clinician or is already in our hospital system. The � rst steps are collecting data from 
their records, a visit (outpatient or inpatient), genetic counseling, and discussion and determina-
tion of what data they would like returned to them. Once the patient has consented to clinical care, 
their genome is sequenced. Subsequent analysis focuses on the primary clinical reason the patient 
was admitted. Any secondary � ndings that the patient has requested are returned later. We then 
invite patients to come back annually for clinical follow-up. Ongoing care depends on the clinical 
presentation, severity of symptoms, and the outcome of our assessment. We also allow patients to 
enter the system with their own genome sequence in hand as long as the sequence was generated 
in a CLIA/CAP-accredited laboratory. 
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and social implications could be limiting 
factors for the general uptake of genomic 
medicine and require considerable atten-
tion. Early reports from direct-to-consumer 
genetic testing (18) show that there has not 
been extensive psychological harm done 
by the information provided to customers. 
But will these f ndings hold, particularly 
for people who have not actively pursued 
results from their genome, unlike those us-
ing direct-to-consumer testing. Consider-
ing the known gaps in existing legislation 
(19), uncertainty remains about the ways 
in which life, disability, and long-term care 
insurers might use genetic information. Fi-
nally, privacy concerns legitimized in recent 
publications (20) require additional atten-
tion when contextualizing genomic data as 
“anonymous.” Engaging the public is an es-
sential element for the success of genomic 
medicine. Public conf dence regarding the 
management of genomic data and clarity 
regarding how such data can be used and 
shared will continue to be crucial as adop-
tion of WGS increases.

Becoming a fully integrated genomic 
medicine clinic has many steps within care 
delivery that are specif c to each institu-
tion, such as departmental boundaries, lo-
cal politics, or silos that could be the big-
gest barriers to implementation. Education 
of providers about the use of genomic data 
is also a challenge. Although we have estab-
lished a fully integrated genomic medicine 
clinical program, not every patient with a 
rare disease will benef t. We have had our 
share of successes (27% successful diagno-
ses), potential diagnoses (34%), and fail-
ures (39%).

We believe that WGS will improve the 
practice of medicine. Yet, despite the clear 
advantages it provides over other tests, a ge-
nome sequence is still just another data set. 
What we can extract from this data set will 
require further integration of genomic and 
phenotypic data and clinical trial results. Our 
f rst 26 clinical cases have been vital for def n-

ing and ref ning our program. We encourage 
other institutions to set up their own genomic 
medicine clinics because there is clear medi-
cal value in the human genome sequence that 
can be excavated to improve the diagnosis 
and treatment of human disease.   e use of 
WGS in the clinic may still be debated, but 
we challenge the fence sitters to do 20 cases of 
their own and see whether WGS adds value 
to clinical decision-making.
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