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Abstract

Purpose: This study aimed to assess the amount and types of clinical genetic testing denied by
insurance and the rate of diagnostic and candidate genetic findings identified through research in
patients who faced insurance denials.
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Methods: Analysis consisted of review of insurance denials in 801 patients enrolled in a pediatric
genomic research repository with either no previous genetic testing or previous negative genetic
testing result identified through cross-referencing with insurance prior-authorizations in patient
medical records. Patients and denials were also categorized by type of insurance coverage.
Diagnostic findings and candidate genetic findings in these groups were determined through
review of our internal variant database and patient charts.

Results: Of the 801 patients analyzed, 147 had insurance prior-authorization denials on record
(18.3%). Exome sequencing and microarray were the most frequently denied genetic tests. Private
insurance was significantly more likely to deny testing than public insurance (odds ratio = 2.03
[95% CI = 1.38-2.99] £=.0003). Of the 147 patients with insurance denials, 53.7% had at least

1 diagnostic or candidate finding and 10.9% specifically had a clinically diagnostic finding. Fifty
percent of patients with clinically diagnostic results had immediate medical management changes
(5.4% of all patients experiencing denials).

Conclusion: Many patients face a major barrier to genetic testing in the form of lack of
insurance coverage. A number of these patients have clinically diagnostic findings with medical
management implications that would not have been identified without access to research testing.
These findings support re-evaluation of insurance carriers’ coverage policies.

Keywords
Access to testing; Denials; Genomic medicine; Insurance; Research testing

Introduction

Comprehensive genetic testing in the form of microarray, multigene panel testing, exome
sequencing (ES), and, in some cases, genome sequencing (GS) has been available clinically
for a decade or more, and the diagnostic utility of this testing, particularly in pediatric
patient populations, has been well established.1~8 In pediatric cases with a suspected genetic
condition and no prior molecular testing, microarray has a diagnostic rate of approximately
10%, whereas ES and GS are reported to have higher rates of up to 36% and 41%,
respectively.?

Despite well-established diagnostic rates for many molecular findings in children with
intellectual disability (ID), developmental delays, and/or congenital anomalies (CA),
insurance denials continue to be a significant barrier to accessing genetic testing. For the
majority of genetic conditions, there is no standard criteria used to determine the coverage
eligibility by the insurance payers and it is instead left up to the individual discretion of each
payer.19 Many insurance carriers, both private and public, follow National Comprehensive
Cancer Center guidelines for hereditary cancer testing (particularly hereditary breast and
ovarian cancer and Lynch syndrome)!1-13; yet, despite recommendations from the American
College of Medical Genetics and Genomics (ACMG) regarding ES in pediatric populations
with ID, developmental delay, and CAs,14 there is not a similarly universal approach to
insurance coverage in this population, with some insurance companies using this criteria
and others not referencing it in their coverage policies.>17 This lack of firm, universal
criteria for testing can result in inconsistent insurance determinations across identical
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clinical presentations, contributing to inequitable access to genetic testing.1® Other policies
dictate that a microarray must be completed and resulted out as non-diagnostic before ES
will even be reviewed for approval. The testing strategy for patients with suspected genetic
disorders does often entail microarray with reflex to ES; however, microarray is not always
the most clinically appropriate first-line testing for patients in whom a genetic disorder is
suspected.14:19

Direct cost of genetic testing is a major issue for patients after facing insurance denials.
On average, the cost of clinical genetic testing ranges from a few hundred dollars for
single variant Sanger sequencing to several thousand dollars for ES and GS.2921 This is
a prohibitively high out-of-pocket cost but similar in price to the cost of other services
routinely covered by health insurance, such as blood panel tests for annual physicals,
computed tomography scans, and magnetic resonance imaging.22-24

It is difficult to know how many patients who receive insurance denials for genetic testing
have clinically actionable findings because they often will not receive the testing they need.
As a result, there is little published literature about the diagnostic rate among insurance
denials and subsequent effect on patient health care.2526 In 2019, Reuter et al?8 published a
comprehensive review of genetic diagnostic rates among patients with insurance denials in
the Undiagnosed Diseases Network (UDN). This study found a 35% diagnostic rate in their
cohort. Although vitally important to the current genetic testing landscape, the UDN has a
strict set of enrollment criteria, which includes requiring that all available clinical diagnostic
workup be exhausted, a letter of recommendation to the study be provided from a health
care provider, and a thorough review of the application be performed by an interdisciplinary
team overseeing 7 UDN sites.26 This excludes a large subset of patients who may still need
or qualify for genetic testing. In contrast, the Genomic Answers for Kids (GA4K) research
study has much broader eligibility criteria in which any child with a known or suspected
genetic condition can enroll with no requirement for previous genetic testing history or
specific letters of recommendation.

Our objective with this research was to assess the rate of insurance denials in patients
enrolled in GA4K and subsequently determine the rate of research-identified diagnostic and
candidate genetic findings in the patients who experienced clinical insurance denials. We
also sought to determine whether any significant difference in denial rate existed between
the types of insurance payers: private, public (Kansas and Missouri Medicaid), and military.
Our work adds to the existing literature on diagnostic rates among insurance denials by
assessing this information in a cohort with broader selection criteria than existing studies
and reporting on candidate findings in addition to diagnostic findings.

Materials and Methods

Cohort

Patients qualified for the GA4K study if they had a known or suspected genetic condition
based on clinical presentation. Given that most such conditions manifest early in life, the
majority of the GA4K cohort was pediatric. Based on these criteria, any patient who had
undergone or was undergoing clinical genetic testing for any reason as well as those with
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confirmed diagnostic genetic testing was included in the study. In addition, a subset of
patients not undergoing clinical testing but with a condition known to have possible genetic
causes, such as autism, also qualified for GA4K. When available, parents and other relatives
(both affected and unaffected) were also enrolled in GA4K to inform on variant segregation
(de novo variants are known to represent a significant portion of diagnoses2?). Patients are
primarily recruited from Children’s Mercy Hospital outpatient clinics and inpatient floors,
with some patients being recruited from outside Children’s hospitals. Enrolled patients
underwent ES followed by GS, whole-genome genotyping, single-cell RNA analysis, and/or
methylome analysis when indicated based on clinical presentation and previous results.28
Specifically, if a clinical diagnosis was found in the first-stage testing (ES) and no additional
diagnosis was suspected, no additional testing was performed. All initial studies were
conducted on germline blood and/or buccal DNA. The research testing described above

was provided at no cost to the enrolled families. Families may enroll at any time during the
clinical testing process, because research testing is separate from clinical testing.

We began our analysis by selecting 1333 successive patients from 1203 unrelated families
enrolled in GA4K between 2011 and 2021. This included the 960 families reported on by
Cohen et al?8 and an additional 243 families analyzed after publication of the initial data.
The cohort was then pared down to include only those patients with no clinical genetic
testing (7= 118) or negative clinical genetic testing results (r7= 683) before the study entry,
thus excluding the patients who entered the GA4K study with a genetic diagnosis as well as
patients who were undergoing clinical testing concurrent with study enrollment, resulting in
a final subcohort of 801 patients for analysis.

ES and GS analyses were completed through GA4K protocols as previously described.1®
Human Phenotype Ontology terms annotated via PhenoTips pedigree software (Gene42
Inc) were used to assist in the initial prioritization of variants.2® After analysis, patients
were divided into groups based on previous genetic testing history (no testing or negative
testing result). Patient insurance prior-authorization information was available through
patient chart review, whereas final determinations of insurance coverage after completion
of testing were not available, because these are not documented in the patient chart and

are in a separate financial clearance portal that our group did not have access to. Charts
were also reviewed for any previous insurance denial at the time of prior-authorization.
Prior-authorizations that were initially denied and then approved after appeal were included
in this cohort and considered approvals for analysis. Patient insurance carriers were
categorized as private, public, or military. Cases in which authorization was not required by
insurance were considered approvals. Cases in which neither a denial nor an approval was
clearly documented in prior-authorization, but testing was completed, were also considered
approvals given that most families decline self-pay testing because of high out-of-pocket
costs.

Patients found to have diagnostic findings via GA4K had their results clinically confirmed in
the Children’s Mercy Clinical Laboratory Improvement Amendments—certified laboratory
through the best applicable validated methods and clinically reported in real time for
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incorporation into clinical management. Results were determined to be clinically actionable
if any medical management changes, including, but not limited to, preventative screening
procedures, surgical intervention, avoidance of high-risk activities, and referral to other
subspecialties to rule out other affected systems, had been or could be made based on the
result.

An odds ratio was calculated to examine the significance of the relationship between
insurance carrier type (private, public, military) and approval/denial identified during
insurance prior-authorization.

Demographics

Among the 801 patients, ages at the time of enrollment ranged from prenatal to 38 years
(some patients were enrolled as adults but qualified if they had exhibited symptoms of a
genetic condition since childhood). Breakdown of patients by sex revealed that 368 out

of 801 patients (45.9%) were female and 433 (54.1%) were male. Our cohort consisted
predominantly of individuals of White (hon-Latino) background (/7= 669, 83.5%), with

a number of other racial backgrounds represented: native American/American-Indian (7=
2, 0.3%), Asian (n= 8, 0.9%), Black (n= 36, 4.5%), Hispanic/Latino (7= 31, 3.9%),
multiracial (n= 45, 5.6%), native Hawaiian (7= 3, 0.4%), other (n= 3, 0.4%), and race
unknown (77 =4, 0.5%).

Insurance denials

A total of 147 cases out of 801 (18.3%) had at least 1 previous insurance prior-authorization
denial on file. Testing was separated into approvals, denials, and no testing ordered for
private, public, and military insurance. In our cohort of 801 patients, 422 (52.7%) had
private insurance coverage, 347 (43.3%) had public insurance coverage, 28 (3.5%) had
military insurance coverage, and 4 (0.5%) had no coverage/self-paid for testing. In total,

81 patients had no genetic testing ordered before study entry, whereas the remaining 720
patients (374 private insurance, 323 public, 19 military, and 4 no coverage) had some
clinical testing ordered by the clinical provider at some point before the study entry. A
breakdown of denial rates in this group is shown in Figure 1. In the 720 patients with
previous clinical genetic testing ordered, 147 (20.4%) had one or more insurance denials. Of
the 147, 82 (55.8%) patients had at least 1 test denied but may have had other tests approved,
whereas 65 out of 147 (44.2%) had all testing requests denied.

The proportion of denials by type of testing is shown in Figure 2A, and the proportion of
denials vs approvals for each test is shown in Figure 2B. Rates of denial were highest for ES
(16.6%) and microarray (10.4%).

An odds ratio was calculated to determine if any significant difference existed between
private and public insurance denials (patients with military insurance were too few to draw
meaningful statistical differences from). This was done by removing cases in which no
testing had ever been ordered, because these patients had neither approvals nor denials on
record because of lack of testing orders. This resulted in a total of 96 patients with private
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insurance denials out of a total of 374 private insurance patients who had testing ordered and
47 patients with public insurance denials out of a totally of 323 public insurance patients
who had testing ordered, with an odds ratio of 2.03 (95% CI = 1.38-2.99) £=.0003. A
diagram of this patient breakdown can be viewed in Supplemental Figure 1.

Genetic findings in patients with insurance denials

Genetic findings identified after enrollment in the GA4K study were assessed among the
147 patients who experienced insurance denials. Findings were placed into 1 of the 6
categories: (1) pathogenic or likely pathogenic variant (according to ACMG/Association for
Molecular Pathology criteria) in a gene with a well-described gene—disease relationship and
fully explaining patient phenotype, (2) partial diagnosis: same criteria as diagnostic but not
fully explaining the patient’s phenotype, indicating that a second diagnosis is suspected but
was not identified, (3) gene of uncertain significance: strong candidate finding in a gene
currently meeting limited criteria for a gene—disease relationship, (4) variant of uncertain
significance: strong candidate finding not meeting pathogenic/likely pathogenic criteria in
a gene with a well-described relationship to disease, (5) partial genotype: 1 pathogenic or
likely pathogenic finding in a recessive gene strongly matching patient phenotype, or (6)
negative: no candidate or diagnostic findings identified. The breakdown of these findings in
patients receiving insurance denials is shown in Figure 3.

Of these findings, some were identified through clinical testing ordered after enrollment in
the study, whereas others were identified in the GA4K study itself. This is because some
patients go on to have additional clinical testing after enrollment in GA4K, mostly through
hospital financial assistance or philanthropy funding. These patients remained categorized as
denials because of the fact that insurance did not cover the testing that was ultimately run.

Cross-referencing of patients with insurance denials to genetic findings in our analysis
database identified 79 out of 147 (53.7%) patients with non-negative genetic testing results
after enrollment in GA4K, 16 of which were pathogenic or likely pathogenic according to
ACMG criteria, resulting in a diagnostic rate of 10.9% in this population. In 78 of the 79
cases, genetic findings were identified via ES, and in 45 of these 79 cases, (56.9%) ES was
specifically one of the tests denied by insurance. A breakdown of the genetic variants and
medical management changes among the 16 patients with diagnostic findings is shown in
Table 1. Of these 16 cases, 8 (50%) had immediate medical management changes as a result
of their diagnostic finding. This represents a management change in 5.4% (8/147) of the
overall insurance denial subcohort.

Discussion

Our analysis supports the existing data that a significant number of patients are affected

by insurance denials for genetic testing.2® This may have lasting clinical impact for these
patients as well as financial, emotional, and reproductive impact for their families. Cases

in which diagnostic genetic results do not lead to management changes, the families still
benefit from the psychosocial impact of having an answer after a long diagnostic odyssey
(average 5-6 years) and the ability to address concerns about recurrence risks.3%:31 A genetic
diagnosis can help alleviate long-standing concerns of guilt and blame associated with a
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child’s genetic condition and assist in connecting families with support groups; in fact, this
is quoted by families as a major benefit of having a genetic diagnosis.30:31

There are a number of articles reporting on how insurance payers approach genetic testing
and rates of approval in different genetic testing cohorts.2%:32-35 Perhaps the most pertinent
to our own work is a 2017 study by Smith et al?® assessing prior-authorization request
outcomes in an outpatient setting in 2 children’s hospitals in Texas. This article provided

a detailed look at the rates of approvals and denials by test category (cytogenetic, ES,
mitochondrial, epigenetic, single/multigene panels) and documented the reasons for denials.
Similar to our own results, Smith et al25 found that public payers were more likely to
approve testing than private payers (85.5% vs 70.3%, £ < .001). They suggested that

one potential explanation for this is that public payers have more readily accessible and
understandable policies for clinical providers to access. It remains uncertain whether this
explanation applies to a significant portion of patients in our study and/or whether other
factors may play a role. Private companies are for-profit, often publicly traded, and not
government funded and therefore may have a higher incentive to be stricter in their
coverage policies than public insurance payers. Our results also come with the caveat that
authorization not required was considered an approval; therefore, it is possible that this
skewed the approval rate for 1 or more payers.

Although Smith et al2° and others have reported on insurance payers and their relationship
with clinical genetic testing,32-3° to our knowledge, the UDN is one of the only groups

to publish similar data to ours on diagnostic rates, specifically, in patients who received
insurance denials for clinical genetic testing.2® Their study accepted 686 patients from
2015 to 2017 of which 218 underwent ES. Of these 218 patients, 66 had documented
clinical insurance denials. The UDN found a diagnosis in 23 out of 66 patients (35%), with
medical management changes in 14 of the 23 diagnoses (61%).28 This rate differs from our
own diagnostic rate, in part, because the eligibility criteria between the 2 programs differ
considerably. The UDN has strict acceptance criteria, requiring letters of recommendation,
exhaustive past genetic testing, and review of applications from a UDN interdisciplinary
team.26 Conversely, our study accepts anyone with a known or suspected genetic condition
regardless of past testing history. Patients are also able to self-refer to our study. Self-
referrals are reviewed for medical eligibility, and all referrals are reviewed for research
eligibility (child not in foster care, no legal issues preventing enrollment). This allows

for a larger number of patients to be eligible but also results in a lower diagnostic rate
because patients less likely to have a genetic diagnosis would be included. Therefore, our
lower diagnostic rate and subsequent lower rate of medical management changes based on
diagnoses were not unexpected.

Insurance companies have been slow to accept genetic testing as a standard of care,

and genetic testing is still treated as experimental or investigational by some insurance
companies. Although a handful of insurance companies have taken to hiring genetic
counselors to assist in review of genetic testing requests, many do not have a specialized
genetics professional reviewing these requests and whether this is by design or because
of a lack of available genetics professionals is unclear. Microarray and ES were the

most frequently denied tests in our cohort despite established guidelines from the ACMG
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recommending both tests as first-tier testing in patients with CAs and/or 1D.14 This
recommendation by the ACMG is backed by significant scientific evidence confirming
the diagnostic benefit of both microarray and ES as well as the cost-savings benefit

of more comprehensive tests.1* Considering that these ACMG recommendations were
recently published (2021), it will, of course, take time for insurance companies to update
their policies to reflect this; however, these recommendations should be considered when
evaluating future genetic testing requests. Further work should focus on the individual
context, such as whether the specialty of the referring provider plays a role in denial rate,
within which the tests in our cohort were denied against the recommendation of medical
professionals.

Our findings should be interpreted within the limitations of the study. As mentioned in our
methods, because our focus was specifically on diagnostic rates among insurance denials,
all cases not specifically documenting a denial during prior-authorization were considered
approvals. This does not reflect possible denials after testing was completed or possible
inpatient testing ordered in which prior-authorization was not required; therefore, it is
possible the approval rate is skewed favorably for both private and public payers who have
“authorization not required” policies. In addition, our study only addresses insurance as a
barrier to testing coverage, however there are many other barriers, including socioeconomic,
educational, and emotional barriers, not discussed here. Most of our cohort represents 1
children’s hospital in the Midwest in a relatively selected tertiary care setting and therefore
may represent a conservative estimate of both denial rates and diagnostic rates in pediatric
genetic testing populations. Our cohort was also predominantly White and therefore may not
accurately represent insurance coverage and access to testing in other racial backgrounds.

This review of diagnostic rates among patients experiencing insurance denials in our
selected pediatric genetic testing cohort provides an estimate of how many patients may

be missing out on important genetic information, both diagnostic findings and candidate
findings that may go on to become diagnostic. As we show, these results affect immediate
medical management for a proportion of patients. Although other barriers to testing exist,

it is clear that insurance coverage and discrepancies between payer policies remain a major
barrier to diagnosis for many families. A constant re-evaluation of coverage policies for
genetic testing and further involvement of genetics professionals in all steps of the process is
necessary to ensure optimal clinical care for every patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Percent of patientswith insurance denials by payer type.
Breakdown by payer type showed that of 374 patients in our cohort who had any testing

ordered, 25.7% (/N = 96) of patients with private insurance, 14.6% (/N = 47) of patients with
public insurance, and 15.8% (/= 3) of patients with military insurance experienced denials.
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Figure 2. Breakdown of denials across testing types.
A. Denials by testing type. Exome sequencing (ES) and microarray together made up the
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majority of denied tests. B. Proportion of denials by testing type. The test with the highest

(16.6%)

Genet Med. Author manuscript; available in PMC 2023 October 18.

denial rate to amount of tests ordered was known familial variant analysis with 5 tests denied
of 27 cases ordered (18.5%). ES was the next highest with 76 tests denied out of 457 ordered
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Figure 3.
Genetic findings in cases with previous insurance denials.
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