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Abstract

Background: Despite growing evidence of diagnostic yield and clinical utility of whole exome 

sequencing (WES) in patients with undiagnosed diseases, there remain significant cost and 

reimbursement barriers limiting access to such testing. The diagnostic yield and resulting clinical 

actions of WES for patients who previously faced insurance coverage barriers have not yet been 

explored.

Methods: We performed a retrospective descriptive analysis of clinical WES outcomes for 

patients facing insurance coverage barriers prior to clinical WES and who subsequently enrolled in 

the Undiagnosed Diseases Network (UDN). Clinical WES was completed as a result of 

participation in the UDN. Payer type, molecular diagnostic yield, and resulting clinical actions 

were evaluated.

Results: Sixty-six patients in the UDN faced insurance coverage barriers to WES at the time of 

enrollment (67% public payer, 26% private payer). Forty-two of 66 (64%) received insurance 

denial for clinician-ordered WES, 19/66 (29%) had health insurance through a payer known not to 

cover WES, and 5/66 (8%) had previous payer denial of other genetic tests. Clinical WES results 

yielded a molecular diagnosis in 23 of 66 patients (35% [78% pediatric, 65% neurologic 

indication]). Molecular diagnosis resulted in clinical actions in 14 of 23 patients (61%).

Conclusions: These data demonstrate that a substantial proportion of patients who encountered 

insurance coverage barriers to WES had a clinically actionable molecular diagnosis, supporting 

the notion that WES has value as a covered benefit for patients who remain undiagnosed despite 

objective clinical findings.
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Introduction

Undiagnosed diseases can place significant burden on patients and their families. Advances 

in genomic sequencing technology, including whole exome sequencing (WES), have 

remodeled the landscape of molecular diagnostic testing in undiagnosed diseases. Many 

groups have studied the clinical utility of WES, with diagnostic yields of at least 25-28% 

across various unselected cohorts at genetic testing laboratories (Lee et al. 2014; Retterer et 

al. 2016; Yang et al. 2013; Yang et al. 2014). Higher diagnostic yields are reported for trio 

testing (Zhu et al., 2015), pediatric patients (Stark et al., 2016; Tan et al., 2017; Valencia et 

al., 2015), and patients presenting with neurologic conditions (de Ligt et al., 2012; 

Srivastava et al., 2014; Thevenon et al., 2016; Vissers et al., 2017).

A growing body of evidence suggests that WES may be an effective first line test for patients 

with suspected genetic disorders and syndromic presentations (Stark et al., 2016; Tan et al., 

2017). There are documented insurance barriers limiting the clinical use of WES for patients 

with suspected genetic disorders (Bertier, Hetu, & Joly, 2016; Deverka & Dreyfus, 2014; 

Deverka, Kaufman, & McGuire, 2014; Lennerz et al., 2016). In the early days of clinical 

WES, many insurance policies either did not cover or did not specifically address coverage 

of WES (Phillips et al., 2017). As clinical demand for WES increases, private payers have 

shifted their policies towards coverage of WES, often specifically to pediatric patients with 

neurodevelopmental disorders (Douglas, Parker, Trosman, Slavotinek, & Phillips, 2019). 

Coverage of WES may be denied by payers because a patient may not meet specific criteria 

for coverage, WES may not be mentioned in a policy or explicitly stated as not covered, the 

reimbursement rate for the test may not be on the fee schedule of payers, or the appropriate 

preauthorization and appeals may not be pursued by patients or providers. Some insurance 

policies that exclude WES as a covered benefit qualify this exclusion by stating that the test 

is not efficacious in making a diagnosis, and is thus “experimental,” or that the test does not 

have an impact on health outcomes and is thus “not medically necessary” (See Supplemental 

Table 1). Studies assessing the feasibility of integrating WES into clinical care highlight 

potential insurance barriers which either dissuade or impede the use of WES in clinically 

appropriate cases (Atwal et al., 2014; Lazaridis et al., 2016; Shashi et al., 2016). 

Establishing insurance coverage policies for WES remains difficult when large-scale next-

generation sequencing challenges traditional approaches to assess clinical utility and 

demonstrate medical necessity (Deverka & Dreyfus, 2014).

The proportion of undiagnosed patients encountering insurance coverage barriers to clinical 

WES is largely unknown, as is the utility of the test in such patients. The Undiagnosed 

Diseases Network (UDN) cohort provides a unique opportunity to explore the utility of 

WES in patients who previously faced insurance coverage barriers to WES. To do so, we 

sought to investigate the diagnostic yield of clinical WES and resulting clinical actions for 
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patients with rare, undiagnosed diseases who had previously faced insurance coverage 

barriers to WES.

Materials and Methods

Participants

The Undiagnosed Diseases Network (UDN)—The Undiagnosed Diseases Network is 

a multi-institution research study funded by the NIH Common Fund that seeks to improve 

the diagnosis and clinical care for patients with undiagnosed diseases (Gahl, Wise, & 

Ashley, 2015). Through a collaborative research community, UDN team scientists work to 

understand the etiology and pathogenesis of rare, undiagnosed conditions. Adult and 

pediatric patients are invited to apply online to the UDN (https://

undiagnosed.hms.harvard.edu/). The application must include a study recommendation letter 

from a healthcare provider which supports the undiagnosed nature of the patient’s objective 

clinical finding(s). Available clinical diagnostic workup must be exhausted. Applications and 

full prior medical history are reviewed by interdisciplinary teams within and across seven 

UDN clinical sites. Applications are prioritized based on their potential to provide a 

diagnosis (predicted by presence of objective abnormal findings, multiple systems affected, 

positive family history, etc.) or generate new knowledge about disease mechanisms. Patients 

are less likely to be accepted if additional workup is deemed unnecessary by expert 

clinicians on UDN case review committees or if the UDN is unlikely to improve upon the 

comprehensive workup the applicant already received. Accepted patients in the UDN 

undergo various genetic, clinical and research evaluations (Reuter et al., 2018), which vary 

widely depending on the patient.

Participant Sample—We retrospectively reviewed all patients accepted into the 

Undiagnosed Diseases Network (UDN) meeting eligibility criteria between September 2015 

and July 2017. Patients were evaluated at one of seven UDN clinical sites: Baylor College of 

Medicine, Duke University, Harvard University-affiliated hospitals, National Institutes of 

Health, Stanford University, University of California Los Angeles, and Vanderbilt University 

Medical Center. Clinical evaluations, family history, and genetic information for each patient 

were accessed through the UDN’s central data repository and via site-specific databases. 

Race, ethnicity, and primary clinical indication are self-reported variables.

Patients were excluded from the primary analysis if they did not have WES performed as 

part of their UDN evaluation (i.e., it was planned but pending completion, other sequencing 

was performed, if clinicians thought a genetic etiology of the disease was unlikely), if they 

had WES or whole genome sequencing (WGS) prior to acceptance to the UDN, or if data on 

previous insurance coverage of WES were unavailable.

Procedures

Ascertainment of coverage status and payer—We retrospectively reviewed patient 

medical records and UDN application materials to determine which patients did not pursue 

prior WES due to insurance coverage barriers. Because the UDN sites accept applications 

both from the home institution and from external institutions the format of medical records 
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varies greatly by patient. For patients referred from home institutions, the UDN site had 

access to their electronic medical record system. For patients that were referred from 

external institutions, medical records collected may be limited to clinical documentation, 

labs, procedure notes and imaging. We reviewed all medical records available to the UDN 

sites for reference to participant payer and insurance coverage information for WES. If the 

insurance coverage information was not available, the patient was excluded from the primary 

analysis. The nature of insurance coverage barrier documentation varied by patient, 

including: clinical documentation in the record that the test was denied, documentation in 

the UDN referral letter that the test was denied, or insurance denial letter available in the 

electronic medical record. We did not have access to participants’ primary insurance 

policies.

Patients facing insurance coverage barriers to WES included three sub-groups that arose via 

chart review. The first sub-group comprised patients who had documented denial of WES by 

their insurance, even when pre-authorization was requested prior to acceptance in the UDN. 

The second sub-group comprised patients whose insurance provider had a universal policy 

that did not reimburse clinical WES at the time of acceptance to the UDN. For example, 

during the study period, several state-sponsored insurance plans routinely denied all 

coverage for WES regardless of indication. The third sub-group comprised patients who had 

previously been denied coverage for other phenotypically-appropriate genetic tests (such as 

multi-gene panels). In these cases, the experience of their treating practitioners and their 

UDN clinicians was that WES would also be denied coverage. For all the sub-groups 

described, it should be noted that the out-of-pocket cost to patients was prohibitively 

expensive as evidenced by lack of completion of clinical WES. Payers were considered 

public if the policy was government-sponsored (i.e., Medicaid, Medicare or TriCare).

Whole exome sequencing and analysis—Clinical WES was performed at a CLIA-

certified laboratory as previously described (Supplemental Methods) (Yang et al. 2014). 

Variant classification and reporting were performed in accordance with American College of 

Medical Genetics and Genomics recommendations (Richards et al., 2015). All diagnostic 

variants were confirmed via Sanger sequencing.

Determination of clinical diagnostic yield—Clinical WES reports were reviewed in 

the context of the medical and family history by UDN clinical personnel. WES was 

considered diagnostic if: 1) the variant(s) identified on the clinical report was classified as 

pathogenic or likely pathogenic, 2) clinical features were consistent with disease(s) 

associated with the gene in which variants have been identified, 3) the patient had sufficient 

variants to match the mode of inheritance for the given gene, and 4) available evidence 

suggested that the variant(s) co-segregated with the disease phenotype in the family. The 

clinical WES report was not considered diagnostic if there was only one pathogenic variant 

reported in a gene associated with autosomal recessive inheritance, even in cases where there 

was a second variant in the same gene classified as a variant of uncertain significance 

(VUS). Patients for whom clinical WES was non-diagnostic were often referred for further 

evaluation guided by reported variants or other studies, including validation of pathogenicity 
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of VUS via functional assays, research reanalysis of WES data, transcriptomics, 

metabolome profiling, animal models, or methylation studies.

Clinical actions—Clinical actions resulting from WES were documented by UDN clinical 

site personnel following participant evaluation. Diagnoses were scored based on medical 

impact: 1) diagnosis ended the diagnostic odyssey and enabled accurate genetic counseling 

for recurrence risk; 2) diagnosis confirmed current treatment or medical surveillance; 3) 

diagnosis initiated a clinically-indicated evaluation or medical surveillance other than 

medical therapy; 4) diagnosis led to recommendation of a specific therapy; and 5) diagnosis 

led to patient’s eligibility in research studies or clinical trials. Each diagnosis could have 

more than one score it if impacted medical management in multiple ways. A diagnosis score 

of 2, 3, or 4 was considered a resulting clinical action. We were not able to predict or capture 

downstream evaluations or treatments that were avoided or discontinued as a result of 

diagnosis.

Data Analysis

As the goal of the study was to describe the outcomes of patients who had any faced 

insurance coverage barriers to WES, our statistical analysis was primarily descriptive. When 

performed, statistical tests compared characteristics between sub-groups of patients facing 

insurance barriers to WES. Categorical variables were compared using two-sided Fisher’s 

exact tests. A p-value of <0.05 was considered significant. We also performed a sensitivity 

analysis using only the sub-group of patients with documented denial to calculate diagnostic 

yield, payer breakdown, and resulting clinical actions. Statistical analyses were performed 

with SPSS Statistics (IBM, Foster City, CA).

Results

Patient characteristics

The UDN accepted 686 patients between September 16, 2015, and July 31, 2017 (Figure 1). 

A total of 466 had a molecular genetic evaluation in the UDN. The remaining 220 accepted 

patients had either not yet completed molecular genetic evaluation or had no genetic testing 

after UDN investigators determined that a genetic etiology of the patient’s disease was 

unlikely. For those who had undergone molecular genetic evaluation, WES was completed 

for 218 of 466 accepted patients. The other 248 patients had WGS (195) or targeted genetic 

testing (53) and were excluded from this analysis for reasons mentioned above. Of the 

remaining 218 patients with a molecular genetic evaluation, 48 patients had WES or WGS 

on a clinical or research basis prior to the UDN evaluation and were excluded. 170 patients 

had no prior WES or WGS before UDN genetic evaluation and thus WES was completed for 

the first time as a part of the UDN evaluation. We excluded five patients who were not 

insured under the United States healthcare system. The remaining 165 patients (45% male, 

41% pediatric) were insured under the United States healthcare system prior to UDN 

evaluation (Figure 1). We reviewed the insurance coverage barriers for this subset of 

patients.
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Identification of patients facing insurance barriers to WES

We identified 66 patients (40%) who had previously faced insurance coverage barriers 

limiting access to clinical WES. There were 99 patients for which WES insurance coverage 

data were unavailable. Demographic information and clinical indications for the 66 patients 

are described in Table 1. The majority of patients had public insurance (44/66, 67%) (Figure 

2a) and documented denial of WES when requested clinically prior to UDN acceptance 

(42/66, 64%) (Figure 2b).

WES diagnostic outcomes

We focused our analysis on the group of 66 patients with who faced insurance coverage 

barriers to WES to address the questions of diagnostic yield and clinical actionability of 

WES. Review of clinical WES performed as a part of UDN evaluation revealed 23/66 (35%) 

of patients received a molecular diagnosis. Most patients diagnosed by clinical WES were 

pediatric (18/23, 78%) or were patients whose primary phenotype was neurologic (15/23, 

65%) (Table 1). Patients with neurological phenotypes were more likely to receive a 

molecular diagnosis from WES compared to those with a different primary clinical 

indication (50% vs. 29%; p=0.02). Fully 22/23 (96%) of patients who were diagnosed by 

clinical WES had at least one other family member sequenced to assist in genetic analysis 

(duo: 2/23; trio: 15/23; quad 5/23). When additional family members were included for 

WES analysis, the diagnostic yield was higher overall but not statistically significant, 

compared to proband-only WES (24% vs. 13%; p = 0.19). Diagnostic yields across age 

group, race, and ethnicity were not significantly different.

For all 23 patients diagnosed, the reported genetic variants fit the clinical phenotype and 

familial co-segregation supported the expected inheritance pattern for the respective gene 

(Table 2). Almost all (21/23, 91%) of the molecular diagnoses were made on the basis of 

pathogenic or likely pathogenic variants in genes with established disease-associations. The 

remaining two genes (USP7; CAMK2B) (Hao et al., 2015; Küry et al., 2017) had emerging 

evidence implicating them as causing human disease at the time of sequencing (Table 2).

Impact of diagnosis on clinical actions for diagnostic WES

The diagnosis scores and resulting clinical actions for each of the 23 patients who received a 

molecular diagnosis are represented in Table 2. Not including new eligibility for clinical 

trials or enablement of accurate recurrence risk counseling, 61% (14/23) of patients 

diagnosed by WES had resulting clinical actions. This included patients for whom the 

diagnosis confirmed current treatment or medical surveillance (3/23), initiated a clinically-

indicated evaluation or medical surveillance (11/23), including referrals to specialist 

providers for ongoing surveillance of disease-related manifestations (i.e., tumor 

surveillance), or initiated a specific medical therapy (2/23). For example, one patient 

diagnosed with a TANGO2-related disorder (OMIM 616878), a disease characterized by 

recurrent metabolic encephalomyopathic crises, rhabdomyolysis, childhood-onset lethal 

cardiac arrhythmias, and neurodegeneration, established ongoing care with a cardiologist to 

monitor for arrhythmias and was recommended to avoid QT prolongating medications.
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Sensitivity analysis

As a sensitivity analysis, we calculated our main outcome measures with only the 42 

patients in the documented denial sub-group. Payer breakdown, diagnostic yield and patients 

with clinical actions are represented in Supplemental Tables 3 and 4. Overall diagnostic 

yield and clinical action outcomes are consistent with the primary results. More patients in 

the documented denial sub-group had private insurance.

Non-diagnostic WES

We investigated the outcomes of the 43 patients whose WES was considered non-diagnostic. 

Of these, 15/43 (35%) of non-diagnostic WES cases had a pathogenic variant reported that 

was not sufficient to make a molecular diagnosis due to mismatch of inheritance pattern or 

lack of genotype-phenotype correlation (Figure 3). Patients with pathogenic variants are 

considered non-diagnostic if they lacked a second pathogenic variant (in the case of 

autosomal recessive inheritance) or if the variant did not fit the clinical phenotype. 

Additionally, 19/43 (44%) of all non-diagnostic WES without a pathogenic or likely 

pathogenic variant reported at least one VUS in a gene related to the patient’s clinical 

phenotype (Figure 3). The remainder only had research variants not meeting American 

College of Medical Genetics and Genomics reporting standards but which were included in 

an addendum document issued by the clinical laboratory and used by the UDN clinical sites 

for research purposes.

Despite a non-diagnostic clinical WES, 8/43 patients (19%) received a diagnosis through the 

UDN, either as a part of the UDN clinical evaluation or research studies beyond the clinical 

WES report (Supplemental Table 2). All of these additional studies and diagnoses were 

guided by variants reported on WES, even when WES on initial analysis was non-

diagnostic. If these consequent diagnoses are included, the diagnostic rate across all patients 

facing insurance coverage barriers is 47% (31/66).

Discussion

We retrospectively investigated the diagnostic yield of clinical WES in a cohort of patients 

with undiagnosed diseases who encountered insurance coverage barriers that prevented 

completion of WES on a clinical basis. We also captured resulting clinical actions following 

molecular diagnosis. Prior to this study, the clinical characteristics of patients with insurance 

barriers to clinical WES were not known. Also unknown was the diagnostic yield in such 

patients.

A substantial proportion of patients without prior WES (40%) did not complete the test on a 

clinical basis due to insurance coverage barriers, and the majority of patients facing such 

barriers had public insurance (67%). Few studies have systematically measured the 

proportion of individuals facing insurance barriers to WES (Lazaridis et al., 2016). As 

previously described, not all payer policies mention WES (Phillips et al., 2017). Thus, 

coverage policies may be unknown by the clinical team if the test was never requested on a 

clinical basis or if the test was denied in the absence of a pre-authorization process. Even if a 

payer does include WES as a covered benefit, the patient may not meet specific criteria 
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permitting coverage or the patient may still have a prohibitively large out-of-pocket cost. 

Genetic testing laboratories may be a valuable source of these data, and, in fact, one clinical 

laboratory estimated half of WES tests ordered were denied coverage (Deverka et al., 2014). 

However, there are no data on the outcome of clinical WES in patients facing insurance 

barriers since clinical WES was likely never completed. Prior studies of research exome 

testing have not been guided by ACMG recommendations (Richards et al., 2015) and 

rigorous CLIA protocol, as was done in this study. Thus, our study represents a unique 

cohort to interrogate outcomes of clinical WES in patients facing insurance barriers.

Our outcomes of diagnostic yield and resulting clinical actions aim to measure the clinical 

utility of WES for our population of patients. Our finding of a diagnostic yield by WES of 

35% for UDN patients previously facing insurance barriers to WES indicates that a 

substantial proportion of this subset of patients could have received a molecular diagnosis 

earlier had clinical WES been financially feasible. Furthermore, our data show that those 

patients who did receive a diagnosis by WES are mostly pediatric (78%) and have a primary 

neurologic finding (65%). Most patients who received a diagnosis had family member 

comparator exomes included in genetic analysis (96%). In this study, the diagnostic yield of 

WES in patients facing insurance barriers is similar to that of other WES cohorts described 

in the literature, in which the majority of patients had WES covered to some degree as 

evidenced by the fact that it was completed (de Ligt et al., 2012; Srivastava et al., 2014; 

Stark et al., 2016; Tan et al., 2017; Thevenon et al., 2016; Valencia et al., 2015; Vissers et 

al., 2017).

Both commercial and public payers have denied coverage for WES for patients in our cohort 

on the basis that it is experimental or investigational, in some cases due to sensitivity and 

specificity measures (Deverka & Dreyfus, 2014). Our diagnostic yield of 35% does not 

include those patients who were diagnosed via research-based methods. In our study, clinical 

WES provided diagnoses to patients facing insurance barriers for the test, with 91% of 

diagnostic cases involving established genes with known disease associations. The 

diagnostic yield suggests that at least a subset of patients facing insurance barriers would 

have received an established molecular diagnosis had WES been completed before their 

application the UDN.

An important consideration for payers in developing coverage policies for and providing 

authorization of WES is its medical necessity and impact on clinical decision-making. In 

order to address these issues, our secondary outcome measured clinical actions resulting 

from molecular diagnoses delivered by WES. While our study did not collect longitudinal 

data on health outcomes, we found that the molecular diagnoses provided by WES guided 

clinical decision-making for the patients in the short term. The majority of our patients 

(61%) facing insurance barriers who ultimately reached a molecular diagnosis had at least 

one clinical action item as a result of WES, beyond enabling genetic counseling for accurate 

recurrence risk counseling and not including eligibility for clinical trials. The most frequent 

impact of diagnosis was the initiation of clinically-indicated evaluation or medical 

surveillance. For some patients, new treatment options became available as a result of 

molecular diagnosis via WES.
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The challenges of integrating new genomic technology into medicine are not unique to 

WES. In many ways the incorporation of WES into clinical care mimics the challenges 

faced during the early days of chromosomal microarray testing. When microarray testing 

first emerged, clinicians reported frequent insurance denials due to the test being deemed 

experimental, not covered, or not medically necessary (Riggs et al., 2014), despite 

demonstration of its diagnostic potential and impact on medical management (Coulter et al., 

2011; Ellison et al., 2012). The diagnoses made by WES are no less medically necessary 

than the diagnoses that are made by chromosomal microarray. Both are untargeted tests that 

have the potential to diagnose a wide variety of genetic syndromes. Both chromosomal 

microarray and WES can reveal genetic diagnoses and enable clinical actions like those 

reported in our study.

Further complicating the development of nuanced and appropriate policies on coverage for 

WES is the lack of data regarding its cost-effectiveness. Existing data supports the use of 

WES in patients with suspected genetic disorders early in the diagnostic process in order to 

shorten the diagnostic odyssey and improve efficiency of evaluations, especially in patients 

with neurologic conditions (Stark et al., 2016; Tan et al., 2017; Vissers et al., 2017; Walsh et 

al., 2017). However, such literature on WES utilization lacks clear presentation of cost data, 

is limited by small cohort sizes, and use outcome measures that are difficult to translate into 

health economic policy (Schwarze, Buchanan, Taylor, & Wordsworth, 2018). Although a 

cost-effectiveness analysis was not feasible nor a goal in this study, patients were subjected 

to non-diagnostic clinical evaluations, laboratory testing, and molecular testing prior to their 

diagnoses that would likely have been unnecessary had clinical WES been available.

Nineteen percent of patients with non-diagnostic WES achieved diagnosis through 

subsequent UDN clinical and research evaluations. Similarly, all patients with non-

diagnostic WES had genetic variants found on WES considered for additional investigation 

through reanalysis. While the clinical WES report alone did not yield a diagnosis for this 

subset of our patients, WES data guided both clinical and research workup and create 

opportunity for future reanalysis of patient genetic data. It is estimated that 250 new gene-

disease associations are curated yearly (Wenger, Guturu, Bernstein, & Bejerano, 2017), 

which has contributed to recent work establishing the value of periodic reanalysis of clinical 

WES data. These studies report that WES reanalysis results in new diagnoses in 10-36% of 

cases (Eldomery et al., 2017; Wenger et al., 2017). As more patients undergo testing, further 

phenotype-genotype correlations will be established, advances are made in bioinformatics 

tools, and knowledge about the genetic basis of disease expands. This further suggests that 

WES, although non-diagnostic for some at its initial interpretation, may eventually lead to 

clinical diagnosis in the future.

Study Limitations

Our study is limited by the small sample size and to patients covered by the United States 

Healthcare system, which might not be generalizable to settings with universal health care. 

We relied on secondary sources for data on insurance denial and lack of coverage since 

review of patient insurance policy was not feasible or documented consistently in patients’ 

medical records by the ordering clinical team. We did not have further information about 
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whether all payers were denying all requests for WES at that time, or whether it was a case-

by-case basis due to the retrospective nature of the study. We acknowledge that those 

patients undergoing WES in our study had a higher a priori likelihood of identifying a 

molecular diagnosis compared to all-comers of clinical WES for several reasons. First, a 

clinical provider prior to the UDN had to have recommended WES in order to learn that it 

was not a covered benefit, indicating that there was a reasonable suspicion for an underlying 

genetic etiology. Second, the UDN applications are reviewed for acceptance in part for 

likelihood of identifying a genetic diagnosis, so the accepted patients in the UDN are likely 

enriched for those with underlying molecular diagnoses. Third, we may not be capturing 

those patients and families who face insurance coverage barriers to WES but who are less 

motivated to find a diagnosis and, thus, do not apply to the UDN. Finally, our cohort of 

patients undergoing WES was enriched for neurologic indications.

Practice Implications

Insurance coverage policies for genetic testing are evolving. Our study adds to a body of 

literature supporting the clinical utility of WES, specifically for underinsured patients. As 

the evidence of the clinical utility of WES increases and the cost of testing decreases, payers 

may have a larger body of literature to assess when developing their nuanced coverage 

policies. Until then, there remain a population of patients without access to clinically 

appropriate WES. Our study demonstrates that a substantial proportion of patients facing 

insurance coverage barriers to WES are denied the opportunity for molecular genetic 

diagnosis, particularly neurology patients. Genetic counselors, who are often at the front line 

of insurance coverage disparities for genetic testing, can leverage this data to continue to 

advocate for patients’ access to WES.

Research Recommendations

Future studies could assess insurance coverage and diagnostic relevant diagnostic outcomes 

for all-comers of WES, including review of primary sources of insurance policies and 

denials. As the genetic testing market expands to include clinical sequencing of the entire 

genome, it may be valuable to describe the landscape of insurance policies for such testing. 

Collaboration between clinicians and payers could facilitate appropriate study design and 

review of available evidence to inform healthcare policies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Identification patients in the UDN undergoing whole exome sequencing (WES) 
previously facing insurance coverage barriers to WES.
Sixty-six of 165 (40%) patients undergoing WES had no documented insurance coverage for 

WES prior to the UDN evaluation. WGS – whole genome sequencing; WES – whole exome 

sequencing; UDN – Undiagnosed Diseases Network
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Figure 2. Insurance coverage barriers to clinical WES.
(a) Payer types for patients with insurance coverage barriers to WES. The majority had 

a public insurance policy (44/66, 67%). The remainder had a private insurance policy (17/66, 

26%). The identity of the payer was unknown for a minority (5/66, 8%).

(b) Nature of insurance coverage barrier for patients without prior WES. The majority 

of patients (42/66, 64%) had documented denial of WES. The remainder either had an 

insurance type with a policy known not to cover WES (19/66, 29%) or had previous denial 

of a genetic test such as multi-gene panel (5/66, 8%).
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Figure 3. Variant types reported for patients with non-diagnostic WES.
15/43 (35%) had a pathogenic variant reported, 19/43 (44%) of patients without a 

pathogenic or likely pathogenic variant reported at least one VUS in a gene related to the 

patient’s clinical phenotype, and 9/43 (21%) only had a research variant.
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Table 1.

Patient Characteristics

Variable Total w/Insurance Coverage Barriers 
for WES N/66 (%)

Diagnostic WES N/23 (%) Non-diagnostic WES N/43 (%)

Male sex 33 (50) 9 (39) 24 (56)

Age (years)
14.6 (1 - 56)

a
12.3 (2 – 48)

a
15.8 (1 – 56)

a

Pediatric (<18yo) 48 (73) 18 (78) 30 (70)

Race

White 43 (65) 18 (78) 25 (58)

Asian 4 (6) 1 (4) 3 (7)

Black/African American 7 (11) 1 (4) 6 (14)

Other 10 (15) 2 (9) 8 19)

Not reported 2 (3) 1 (4) 1 (2)

Hispanic/Latino 17 (26) 6 (26) 11 (26)

Primary clinical indication

Neurology 30 (46) 15 (65) 15 (35)

Other 8 (12) 3 (13) 5 (12)

Musculoskeletal/Orthopedic 10 (15) 3 (13) 7 (16)

Gastroenterology 4 (6) 1 (4) 3 (7)

Endocrinology 3 (5) 1 (4) 2 (4)

Cardiology and vascular 1 (2) -- 1 (2)

Allergy/Immunology 2 (3) -- 2 (5)

Dentistry/Craniofacial 2 (3) -- 2 (5)

Rheumatology 2 (3) -- 2 (5)

Hematology 1 (2) -- 1 (2)

Nephrology 1 (2) -- 1 (2)

Ophthalmology 1 (2) -- 1 (2)

N/A 1 (2) -- 1 (2)

Type of WES

Proband-only 4 (6) 1 (4) 3 (7)

Duo 10 (15) 2 (9) 8 (19)

Trio 40 (61) 15 (65) 25 (58)

Quad 8 (12) 5 (22) 3 (7)

Other 4 (6) -- 4 (9)

a
mean (range)
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