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Purpose: To estimate the cost-effectiveness of genome sequencing (GS) for diagnosing critically
ill infants and noncritically ill pediatric patients (children) with suspected rare genetic diseases
from a United States health sector perspective.
Methods: A decision-analytic model was developed to simulate the diagnostic trajectory of
patients. Parameter estimates were derived from a targeted literature review and metaanalysis. The model simulated clinical and economic outcomes associated with 3 diagnostic
pathways: (1) standard diagnostic care, (2) GS, and (3) standard diagnostic care followed by GS.
Results: For children, costs of GS ($7284) were similar to that of standard care ($7355) and
lower than that of standard care followed by GS pathways ($12,030). In critically ill infants,
when cost estimates were based on the length of stay in the neonatal intensive care unit, the
lowest cost pathway was GS ($209,472). When only diagnostic test costs were included, the cost
per diagnosis was $17,940 for standard, $17,019 for GS, and $20,255 for standard care followed
by GS.
Conclusion: The results of this economic model suggest that GS may be cost neutral or possibly
cost saving as a ﬁrst line diagnostic tool for children and critically ill infants.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American College of
Medical Genetics and Genomics. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
There are an estimated 6000 to 7000 distinct diseases that
meet the deﬁnition of rare disease—a number that is
growing as new diseases are identiﬁed.1-3 Epidemiologic
studies have estimated the prevalence of rare diseases to be
between 2% to 6.2% of the population.1-3 Although the

precise prevalence of patients with rare genetic diseases is
not well established, 2 recent analyses of the Orphanet
database have estimated that between 70% and 80% of rare
diseases are either exclusively genetic or have signiﬁcant
genetic forms that account for ≥10% of patients with those
disorders.2,4 Genetic diseases typically manifest either at
birth (often in critically ill patients) or during childhood and
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represent a signiﬁcant clinical and economic burden. For
example, estimated total costs for suspected pediatric
genetic diseases are between $4.6 billion and
$17.5 billion—approximately 12% to 47% of the national
bill for pediatric inpatient care.5 Furthermore, in the
National Vital Statistics Report, “congenital malformations,
deformations, and chromosomal abnormalities”—which
could be considered a proxy for a subset of genetic
disease—were the leading cause of death among
infants in 2016 and 2017, contributing to over 20% of total
deaths.6
Compounding the burden of rare genetic diseases, with
the exception of the subset of rare genetic diseases that are
typically diagnosed through prenatal or newborn screening,
these conditions are challenging to diagnose because of
nonspeciﬁc
clinical
presentation
and
physician
unfamiliarity.7 These challenges are compounded by
traditional diagnostic approaches, which focus on subjective
assessment and iterative application of single gene tests. In
recent years, multi-gene panels have been implemented for
distinct classes of clinical presentations (eg, epilepsy) along
with genome-wide approaches using chromosomal
microarray (CMA) to detect copy number variations.
Because of the vast number of genes with pathogenic
variants (>4000), different types of genetic variations,
disease heterogeneity, and iterative approaches on which
time-to-diagnosis based,8 rare genetic diseases are
commonly associated with long diagnostic odysseys.9 This
delay can result in signiﬁcant health and ﬁnancial burden,
including missed opportunities for critical intervention,
unnecessary procedures, treatments, and specialist visits,
and a ﬁnancial and emotional toll for families.10,11 Average
costs of the diagnostic workup for children with suspected
rare genetic diseases are frequently reported to be in the
range of $3000 to $8000.11-17 However, costs can be
substantially higher for patients whose diagnostic workups
include imaging or biopsies that require anesthesia.
Next-generation sequencing (NGS) technology has
helped in increasing ability to sequence larger stretches of
the genome to diagnose genetic diseases.18 Although NGS
can be used for investigating single genes or multi-gene
panels, 2 newer applications of NGS are exome
sequencing (ES), which sequences protein coding regions of
the genome, and genome sequencing (GS), which assesses
both coding and noncoding regions.18 Both ES and GS have
shown improvements in diagnostic yield compared with
standard genetic testing approaches (including CMA) and
have higher rates of clinical actionability.12,15,19-21 In a
head-to-head analysis, GS has been shown to have increased
diagnostic yield compared with ES and to have diagnostic
yield of 17% to 42% in patients who had previously
undergone ES with no diagnosis.12,14,22,23
Several economic analyses of ES have been
published.15,20 In these studies, use of ES as a ﬁrst-tier test
was shown to be cost-effective vs standard genetic testing,
eg, lowering the cost per diagnosis from >$20,000 to
approximately $4000 in the model for critically ill infants.15
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As GS investigates more of the genome than ES and more
comprehensively detects different variant types, we sought
to speciﬁcally evaluate the cost-effectiveness of GS
compared with standard genetic testing. This study
synthesized clinical and economic evidence and developed a
decision-analytic model to estimate the cost-effectiveness of
GS for diagnosing critically ill infants and pediatric
outpatient population suspected of having a rare genetic
disease.

Materials and Methods
Overview
We developed a decision-analytic model to simulate the
diagnostic trajectory of patients with undiagnosed rare
genetic diseases and to assess the cost-effectiveness of GS
(incremental cost per diagnosis). Parameter estimates were
based on a synthesis of available evidence from a range of
sources. Outcomes were simulated over a time horizon of 5
years for infants and 15 years for children. The model used a
time-to-event individual patient approach to simulate the
diagnostic trajectory. Additional details are provided in
the Supplemental Online Appendix. The model will be
publicly available at https://wgscosteffectiveness.shinyapps.
io/geneticdisease for 24 months.

Diagnostic pathways
Three diagnostic pathways were considered: (1) standard
diagnostic care (Standard), (2) GS, and (3) Standard
followed by GS (Standard → GS). For the purposes of this
study, Standard refers to the combination of standard
genetic tests and diagnostic investigations typically included
in routine clinical practice, including single gene panels,
multi-gene panels, CMA, and karyotype. ES is not included
as part of Standard workup. Standard diagnostic
investigations also include common non-genetic
investigations performed during the diagnostic odyssey,
such as medical appointments, imaging, and pathology.

Population
The target population consisted of undiagnosed patients
presenting for medical genetics workup for a suspected
genetic disease. The focus of the model was on patients with
diagnostically challenging conditions. Clinical presentations
were heterogeneous but typically included multiple
congenital anomalies, epilepsy, intellectual disability,
developmental delay, and other nonspeciﬁc presentations
suspected of having genetic etiology (see Supplemental
Online Appendix).12,15,24 The model excluded patients
with disorders identiﬁed using prenatal (eg, Trisomy 21) or
newborn screening (eg, cystic ﬁbrosis) as well as disorders
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Flow diagram of the simulation for a single patient. Dx, Diagnosis; LOS, length of stay.

for which there were clear clinical criteria and single gene
testing was indicated (eg, neuroﬁbromatosis types I and II,
achondroplasia). Finally, 2 groups were evaluated: critically
ill infants aged > 1 year (infants) with suspected genetic
diseases and noncritically ill pediatric patients aged >18
years (children) (at the time of presentation) with clinical
phenotypes of suspected genetic origin.

Model structure
The diagnostic trajectory for a patient in the simulation
moving between events, including genetic testing, a
post–genetic testing phase, and death, is described in
Figure 1 and Supplemental Figure A1. After undergoing a
genetic test, patients may be diagnosed with a rare genetic
disease or remain undiagnosed. If diagnosed, the patient
entered the post–genetic testing phase; if undiagnosed, the
patient either underwent the next genetic test or, if there was
no next genetic test available, enters the post–genetic testing
phase. Patients remained in the post–genetic testing phase
until the end of the time horizon or death. Death could occur
at any time during the model simulation. See Supplemental
Online Appendix for additional details.
In our baseline models evaluating the impact of GS on
both populations, costs were computed on the basis of
diagnostic investigations during the diagnostic trajectory.
Other costs such as those incurred for prescription drugs,
surgeries, or hospitalizations were not included. For
critically ill infants, we additionally evaluated the impact of
GS on the basis of costs associated with length of stay
(LOS) in the neonatal intensive care unit (NICU). This
approach was incorporated because NICU LOS is a key
driver of overall cost of care and rapid diagnosis in the
NICU setting has been reported to decrease LOS in a subset

of patients.10,25 In this case, the model simulated time in the
NICU and outpatient settings.

Model inputs
Parameter estimates were derived from a targeted review of
peer-reviewed published studies (Table 1 and 2). Literature
searches were not restricted to speciﬁc subpopulations.
When multiple estimates were available for a single
parameter, meta-analytic techniques were used to synthesize
the available evidence and compute a pooled estimate. All
costs were inﬂated to 2020 US dollars using the
Consumer Price Index. Additional details are available
in the Supplemental Online Appendix; Supplemental
Tables A1-A12.
Diagnostic yield
The diagnostic yield (probability that a genetic test yields a
diagnosis) for Standard was estimated using a meta-analysis
of available studies. Although we relied on absolute effects
for Standard, we used relative effects to estimate the
diagnostic yield for GS—estimating the odds ratio of the
probability of a diagnosis with GS relative to Standard and
then applying the odds ratio to the diagnostic yield for
Standard. We estimated separate diagnostic yields for GS
depending on whether testing replaced most standard care
and occurred at ﬁrst line (1L) or whether it occurred after
Standard at second line.
Duration of the diagnostic trajectory
The duration of testing for GS was measured using
expected test turnaround times: 2 months for children and
14 days for critically ill infants (reﬂecting the higher
likelihood that rapid testing is used). The duration of
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Summary of input parameters for outpatients

Parameter
Clinical parameters (Pediatric)
Baseline diagnostic yield (Standard), %
Odds ratio of diagnostic yield 1L (GS vs Standard)
Odds ratio of reduction in diagnostic yield at 2L relative to 1L
Time until diagnosis, start of next test, or end of genetic
testing for diagnosed patients
Time until diagnosis, start of next test, or end of genetic
testing for undiagnosed patients
% Diagnosed with a change in clinical management
Log mortality rate
Resource use and costs (pediatric)
Annualized costs of standard diagnostic care, $
One-time upfront costs of standard diagnostic care, $
Cost of GS, $
One-time upfront cost of standard diagnostic care not replaced by GS, $
Clinical parameters (infant)
Baseline diagnostic yield (Standard), %
Odds ratio of diagnostic yield at 1L (GS vs Standard)
Odds ratio of reduction in diagnostic yield at 2L relative to 1L
Time until diagnosis, start of next test, or end of genetic testing, d
Percent diagnosed with a change in clinical management, %
Log mortality rate (before diagnosis)
Log mortality rate (after diagnosis)
Resource use and costs (infant)
Cost of rapid GS, $
Annualized cost of standard diagnostic care, $
One-time upfront costs for standard diagnostic care, $
One-time costs of standard diagnostic care not replaced by GS, $
NICU LOS (standard), d
Reduction in NICU LOS with GS (relative to standard), d
Cost per day in the NICU, $
Cost per day in outpatient setting after discharge (infant), $

Standard

GS

18 (10-32)a
0.50 (0.32-0.71) ya

2.61 (1.65-4.13)
0.7 (0.39-1.23)
61 da

6.50 (4.214-9.28) y

61 da

60 (26-87)a
–9.28

60 (26-87)a
–9.28

825.45 (622.29-1056.87)b
3877.53 (1992.43-6379.73)
-

-

12 (9-18)a
257 (59-598 )
54 (46-62)a
–0.30 (–1.04 to 0.44)
0.54 (–0.81 to 1.89)
2056.48
1205.37
56
4145.02
12.33

5500c
1783.66

9.43 (4.11-21.62)
0.69 (0.21-2.27)
14a
54 (46-62)a
–0.30 (–1.04 to 0.44)
0.54 (–0.81 to 1.89)
8500c
689
2.95 (0.80-6.47)
4145.02
12.33

Please see Supplemental Online Appendix for references and additional details.
Data in parentheses have 95% conﬁdence interval and computed using the distribution used for the probabilistic sensitivity analysis.
1L, ﬁrst line; 2L, second line; GS, genome sequencing; LOS, length of stay; NICU, neonatal intensive care unit.
a
Estimate pooled based on a synthesis of available data. See Supplemental online appendix for details.
b
Costs include those accrued for standard genetic tests and diagnostic investigations. Estimate pooled based on a synthesis of available data.
See Supplemental online appendix for details.
c
Costs associated with GS are assumed to include labor, supplies, follow-up testing, bioinformatics, and equipment as well as consultations with clinical
geneticists and genetic counselors.

diagnostic testing for Standard was estimated from
analysis of peer-reviewed studies (see Supplemental
Online Appendix).15,20,26-32
Change in clinical management
The probability that a diagnosis resulted in a change in
clinical management was estimated with a meta-analysis of
published studies.
Mortality
The mortality rate for children was estimated by converting
1-year death probabilities from US life tables to (log)
rates.33 Mortality rates for infants varied before and after
diagnosis and were predicted by ﬁtting an exponential
survival model with a time-varying covariate for diagnosis
to the data reported by Petrikin et al.26

Costs of diagnostic care
The costs of standard diagnostic care for children were
estimated by pooling estimates from studies that evaluated
ES in patients without a diagnosis after standard workup and
reported mean follow up of standard diagnosis.20,32,34,35
Costs for infants were based on the study by Stark et al15
and were converted to US dollars from Australian dollars or
Euros. In both cases, we assumed that patients would
continue to receive diagnostic tests as long as they were
undiagnosed. As such, we converted cumulative costs
into upfront and annualized costs on the basis of the
duration of standard diagnostic care as reported (see
Supplemental Online Appendix).
Estimated costs for GS were based on a health sector
perspective in the US health system and were assumed to
include labor, supplies, bioinformatics, equipment, and

D. Incerti et al.
Table 2

5

Expected clinical and economic outcomes, children

Outcome
Clinical utility
% Diagnosed
Duration of the diagnostic trajectory, y
Change in clinical management, %
Resource use and costs
Cost per patient, $
Cost per diagnosis, $
Cost-effectiveness
Incremental cost-effectiveness ratio relative to
standard additional diagnosis (diagnostic
costs model, per patient cost)

Standard

GS

19 (9-33)
4.18 (3.08-5.17)
10 (5-18)

37 (20-58)
0.17 (0.16-0.17)
19 (10-32)

Standard → GS
38 (18-63)
4.28 (3.17-5.30)
20 (9-34)

7355 (5166-9988)
43,834 (19,359-90,168)

7284 (7284-7284)
21,281 (12,454-37,291)

12,030 (9631-14,704)
35,580 (15,935-70,226)

-

Dominates

$24,178

The duration of the diagnostic trajectory is measured from the start of the model until whichever of the following occurs ﬁrst: (1) diagnosis, (2) death, (3)
the completion of genetic testing, or (4) the end of the model’s time horizon.
GS, genome sequencing.

conﬁrmatory testing. Costs were intended to reﬂect trio
testing in most cases (although in practice this is not always
possible). To inform our parameter estimates, we used the
Medicare Clinical Laboratory Fee Schedule,37 published
microcosting studies,36,37 and publicly available pricing
from reference laboratories (see Supplemental Online
Appendix). On the basis of consultation with experts and
in accordance with other models, we also assumed that GS
was used in conjunction with some diagnostic tests typically
used in standard care (eg, biochemical, imaging), providing
the evidence that leads to the suspicion of a genetic disorder
and indicating a need for genetic testing.15,17,20,38
Cost of stay in the NICU
LOS with Standard was based on the estimates in Petrikin
et al.26 The difference in LOS between Standard and GS
was derived from Farnaes et al10 and comparable to the data
reported by Stark et al25 with rapid ES. The cost per day in
an NICU was estimated to be $4145.02 and costs in an
outpatient setting were estimated to be $12.33 per day (see
Supplemental Online Appendix).39

Model outcomes
Clinical outcomes included the proportion of patients with a
diagnosis, duration of the diagnostic trajectory, and the
proportion of patients who had a change in clinical
management. The duration of the diagnostic trajectory was
measured until the ﬁrst diagnosis, death, the end of genetic
testing, or end of the time horizon. The primary economic
outcome was total costs per patient. The cost-effectiveness
of GS and Standard → GS were estimated by computing
the incremental cost per diagnosis with Standard as the
comparator.

Simulation and uncertainty analysis
Parameter uncertainty was quantiﬁed using probabilistic
sensitivity analysis with 1000 Monte Carlo simulations. For

each simulation, we calculated mean outcomes by
simulating 10,000 patients and averaging the results.
Additional details of the probabilistic sensitivity analysis,
including probability distributions for each parameter, are
provided in the Supplemental Online Appendix.

Scenarios
We considered a number of scenarios to test the sensitivity
of the model to selected modeling assumptions and
parameters. For children, these included standard testing
costs, duration of diagnostic odyssey, mortality,
post–genetic testing costs, and time horizon. For infants in
the NICU LOS scenario, we tested mortality rate, inpatient
and outpatient costs, and time horizon. For each parameter,
except for mortality and time horizon, we varied the input
value by ± 30%. For mortality, we tested a range of 0% to
30%, and for time horizon, we tested a range of 1 to 9 years
for infants and 1 to 15 years for children. For post–genetic
testing costs, including costs of additional or repeat
diagnostic tests for undiagnosed patients and costs
associated with treatment or palliative care for diagnosed
patients, we estimated an upper bound of $172, annually, for
diagnosed patients and $317, annually, for undiagnosed
patients. See Supplemental Online Appendix for additional
details.

Results
Clinical outcomes and costs in children
(noncritically ill)
Expected clinical and economic outcomes from the
simulation for children is shown in Table 2. The diagnostic
pathways, including GS, increased the probabilities of a
diagnosis and a change in clinical management and
decreased the duration of the diagnostic trajectory. The
percentage of patients diagnosed was estimated to be 37%
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Expected clinical and economic outcomes, critically ill infants

Outcome
Clinical utility
% Diagnosed
12
Mean duration of the diagnostic
169.69
trajectory, d
% Diagnosed with change in clinical
7
management
Resource use and costs
Model based on diagnostic costs
Cost per patient, $
2156
Cost per diagnosis, $
17,940
Model based on NICU LOS costs
Cost per patient, $
227,973
Cost per diagnosis, $
1,892,968
Cost-effectiveness
Incremental cost-effectiveness ratio
relative to standard of additional
diagnosis (diagnostic costs model,
per patient cost), $
Incremental cost-effectiveness ratio
relative to standard of additional
diagnosis (NICU LOS costs model)

Standard
(8-18)
(74.52-281.14)
(4-10)

(1388-3094)
(10,119-29,703)

GS
57 (34-77)
13.81 (13.39-14.21)
31 (18-43)

9189 (9189-9189)
17,019 (11,853-27,365)

Standard → GS
41 (21-66)
177.75 (84.49-287.55)
22 (11-36)

7540 (5323-9204)
20,255 (12,034-38,991)

(163,094-308,846)
209,472 (150,459-284,616) 226,444 (164,827-304,122)
(1,091,800-2,957,262) 386,904 (235,115-663,297) 607,089 (317,541-1,110,349)
15,904

19,071

Dominates

Dominates

The duration of the diagnostic trajectory is measured from the start of the model till whichever of the following occurs ﬁrst: (1) diagnosis, (2) death, or (3)
the end of the model’s time horizon.
GS, genome sequencing; LOS, length of stay; NICU, neonatal intensive care unit.

(20%-58%) for GS compared with 19% (9%-33%) for
Standard and 38% (18%-63%) for Standard → GS. The
duration of the diagnostic odyssey was estimated to be
signiﬁcantly shortened for GS (0.17 years) compared with
Standard (4.18 years) or Standard → GS (4.28 years).
Cost per patient was similar ($7284) for GS and Standard
($7355) and lower than Standard → GS ($12,030).
Cost-effectiveness was assessed by evaluating cost per
diagnosis using Standard as the comparator. GS as a
replacement for Standard increased the probability of a
diagnosis and slightly reduced costs indicating that it was a
dominant strategy. The incremental cost per diagnosis was
$24,178 for Standard → GS compared with Standard alone.
The cost per diagnosis was $43,834 for Standard, $21,281
for GS, and $35,580 for Standard → GS.

Clinical outcomes and costs for critically ill infants
Expected clinical and economic outcomes from the
simulation for critically ill infants is shown in Table 3. The
percentage of diagnosed patients were estimated to be 12%
(8%-18%) for the Standard workup, 41% (21%-66%) for
Standard → GS, and 57% (34%-77%) for GS only. The
average length of the diagnostic odyssey was shortest for
GS (13.81 days) compared with Standard (169.69 days) and
Standard → GS (177.75 days).
When evaluating the economic impact on the basis of
diagnostic workup costs only, cost per patient was lowest
for the Standard approach. The cost per patient was $2156
for Standard, $9189 for GS, and $7540 for Standard → GS.
The cost per diagnosis was lowest for GS ($17,019) than for

Standard ($17,940) or Standard → GS ($20,255). The
incremental cost per diagnosis was $15,904 for the GS
pathway and $19,071 for the Standard → GS pathway.
Because cost of care in the intensive care setting is driven
by LOS, we also evaluated the cost impact of GS
considering NICU LOS alone. The incremental costs of GS
relative to Standard based on different reductions in LOS is
shown in Figure 2. The dotted red line is the central estimate
of the reduction in the LOS (a mean of 3 days); however, we
varied the in LOS to assess the sensitivity of our results. All
estimates were based on the LOS for Standard as shown in
Table 1. The gray shaded region represents 95% conﬁdence
interval based on uncertainty in the cost, duration of the
diagnostic trajectory, mortality, and LOS parameters.
Considering the central estimate in which GS decreased
LOS by a mean of 3 days for the cohort, GS decreased costs
per patient by $18,472, although the conﬁdence interval
included 0. Incremental costs decreased in a linear fashion
as the effect of GS on LOS grew. When LOS was reduced
by 1 day, incremental costs were –$11,516, and when LOS
was reduced by 10 days, incremental costs were –$40,039.
In this analysis, costs per patient were lowest for the GS
pathway ($227,973 for Standard; $209,472 for GS;
$226,444 Standard → GS). Cost per diagnosis was also
lowest for the GS pathway ($1,892,968 for Standard;
$386,904 for GS; and $607,089 for Standard → GS).

Scenario analyses
Sensitivity analyses were conducted to test the degree of uncertainty in key parameters (Supplemental
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Incremental costs (GS vs. Standard)
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Decrease in LOS with GS
Figure 2 The impact of LOS on the costs of GS compared with standard care for infants in the NICU LOS–based model. GS,
genome sequencing; LOS, length of stay; NICU, neonatal intensive care unit.

Figures A2-A4). For children, the most impactful
parameters were costs of standard care, duration of the
diagnostic trajectory, and time horizon. Lowering the costs
of standard care (by 30%) or reducing the duration of the
diagnostic trajectory (by 30%) would result in
Standard having a lower cost per patient, and GS would
have a lower cost per diagnosis (with 30% reduction in cost
of standard care, cost per diagnosis was $32,875 for
Standard and $19,262 for GS; with 30% reduction in
trajectory, cost per diagnosis was $34,091 for Standard and
$19,124 for GS). In varying the time horizon, GS would
be shown to be cost saving in scenarios with a time horizon
≥9 years.
In critically ill infants, the most impactful drivers of
costs were mortality rate and costs of standard care.
Reducing the mortality rate to 0 led to an increase in
costs (base-case: $2156, 0 mortality: $2602) in the
Standard strategy but did not change GS costs because
GS only generated costs in the beginning of the
simulation. The NICU LOS–based model was most
sensitive to mortality rate, inpatient costs, and time
horizon. Setting the mortality rate to 0 had the largest
impact, increasing costs for all diagnostic pathways;
however, GS was still cost saving compared with

Standard. A shorter time horizon also reduced the
incremental costs of GS because patients spent less time
in the NICU. Finally, the model was sensitive to daily
NICU cost; however, GS was still cost saving when
reducing daily costs by 30%.

Discussion
This study aimed to synthesize the available clinical and
economic evidence for GS and assess its cost-effectiveness
compared with conventional diagnostic approaches. Our
study provides evidence that GS provides clinical utility as it
increases the probability of a diagnosis, shortens the
duration of the diagnostic trajectory, and increases the
likelihood of a change in clinical management. Our model
shows that implementing GS as a ﬁrst-tier genetic test will
be cost neutral or will potentially decrease costs relative to
standard testing in children with suspected genetic diseases.
In infants, implementing GS is not shown to save costs
when diagnostic testing alone is considered; however, when
potential cost savings from reduced LOS are considered, GS
becomes a cost saving approach.
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The implications of the model can be demonstrated with
a hypothetical 1-million-member health care plan with
10,000 births per year. Assuming approximately 1% of
newborns (100 infants) will present to the NICU with
suspected genetic disorders, the standard diagnostic
strategies would result in 13 diagnoses, 7 changes in clinical
management, and $215,600 in diagnostic costs. First line
GS would improve the diagnostic rate, resulting in 57
diagnoses and a change in care management in 31 patients
costing $918,900. However, if we consider costs based on
NICU LOS, GS would result in cost savings of
approximately $1.9 million. Using the model of
noncritically ill pediatric patients, approximately 2% of
children (200 new patients per year) will at some point seek
pediatric care for suspected genetic diseases; in such cases,
employing standard diagnostic care would yield 38
diagnoses, 20 changes in clinical management, and
$1.47 million in diagnostic workup costs. Employing GS as
a 1L test would yield 74 diagnoses, 38 changes in clinical
management, and $1.46 million in diagnostic workup costs.
Previous studies have assessed the cost-effectiveness of
ES in the Australian and Dutch settings.15,17,20,34,38 Similar
to our ﬁndings, both studies found ES to be cost-effective
compared with standard diagnostic care (and potentially
cost saving), especially when used earlier in the diagnostic
odyssey.15,20 Furthermore, Farnaes et al10 assessed the
impact of rapid GS on clinical and economic outcomes
among 42 inpatient infants in the United States, and reported
cost savings of $3060 per infant tested.
Our estimates of the diagnostic yield are similar to a
recent meta-analysis by Clark et al21 in which the diagnostic
yield of GS was higher than the diagnostic yield of ES and
CMA, but there are some important differences. First, Clark
et al21 pooled data across both infants and children, whereas
we estimated parameters separately. Second, Clark et al21
estimated the absolute diagnostic yield separately for
different genetic tests. We estimated the absolute diagnostic
yield for Standard but computed the diagnostic yield for GS
relative to Standard using direct comparisons (ie, studies
that included both). We believe this approach allowed us to
reduce the bias caused by population differences across
studies. Finally, we estimated the diagnostic yield for a
broad range of investigations and genetic tests
encompassing standard diagnostic care, whereas Clark
et al21 limited their analysis to CMA. Our sensitivity
analyses suggest implications for stakeholders weighing the
decision to incorporate GS into standard care pathways
and/or provide coverage and reimbursement. First, in
noncritically ill children, the model was most sensitive to
time horizon. Diagnostic workup costs accrue overtime
during a diagnostic odyssey; thus, an appropriate time
horizon is an important consideration for payers. GS is
shown to be cost saving in scenarios with a time horizon
≥9 years. The model was also sensitive to costs of the
Standard pathway. These costs will vary on the basis clinical
presentation, severity of disease, availability of health care
resources, subjective physician decision-making, and
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standard practices in different markets (among other
factors). Our sensitivity analysis showed that with 30%
lower costs in the Standard arm, GS was no longer cost
saving but still resulted in a substantially lower cost per
diagnosis. In critically ill infants, the model was most sensitive to mortality rate. However, even varying the mortality
rate to 0 did not change the overall implications of the
model.

Strengths and limitations
A primary strength of our study is the use of evidence
synthesis techniques (ie, meta-analysis) to incorporate data
from multiple studies and conduct a simulation
model–based cost-effectiveness analysis for GS. One
implication of this model-based approach is that we were
able to extrapolate outcomes over different time horizons.
Furthermore, because we combined evidence from multiple
studies, our results were not subject to any speciﬁc study
population.
There are limitations to this study. First, we acknowledge
a challenge with precision in describing the population—a
heterogeneous group with diagnostically challenging
conditions. However, we believe that the description
represents a typical cohort presenting to Medical Genetics
on the basis of patient characteristics across published
literature. Second, evidence was limited for a number of
model parameters, particularly in the areas of the short- and
long-term costs of conventional genetic workup,
downstream costs (after the diagnostic workup), the typical
length of the diagnostic odyssey, and the impact of GS on
LOS. Third, given the limited data availability, this model
did not use patient-level data but relied on aggregate data
from published studies. Fourth, use of GS in the inpatient
setting occurs in different health care settings in the
United States with different reimbursement schemes,
affecting the payer cost estimates in a given setting. This
was evident in our study as estimates of costs based on LOS
in the NICU were higher than estimates of costs based on
diagnostic investigations alone. In addition, for critically ill
infants, we focused on either diagnostic costs alone or on
costs related to NICU LOS, although additional savings may
accrue from reductions in procedures and professional
fees.10 Fifth, some diagnostic costs were converted to US
dollars from Australian dollars or Euros and might be
conservative estimates of actual costs in the United States.15
Sixth, our evaluation compared GS with conventional
testing strategies and did not evaluate ES separately. Finally,
our cost-effectiveness analysis (using cost per diagnosis)
represents a partial economic evaluation rather than a full
evaluation. Although there are limitations for policymakers
in deﬁning acceptable values per diagnosis, we believe this
analysis captures a key clinical beneﬁt relevant to patients
and providers at this stage of their diagnostic journey (see
Supplemental Online Appendix). However, this approach
does not capture the burden of the diagnostic trajectory on
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caregivers, including
productivity.40,41
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Future considerations

Additional Information
NGS-based genome-wide diagnostic approaches are
increasingly being used in clinical practice. Adoption of
these technologies requires robust clinical and economic
evidence of their beneﬁts. The simulation approach outlined
here can support this assessment given the challenges
associated with modeling the value of genomic interventions
using traditional frameworks.42 New studies should focus
on estimating costs and use during the diagnostic trajectory,
downstream costs, and impact of NGS on the duration of the
diagnostic trajectory. Although additional research would be
helpful, evidence suggests that GS provides clinical utility,
may be cost neutral or possibly cost saving, and is most
cost-effective when used as a IL diagnostic investigation.

Data Availability
The authors of this manuscript are willing to share all data
sets and protocols used in the development of the economic
model. Much of this information is shared in the
Supplemental Online Appendix. In addition, the model itself
will be publicly available at https://wgscosteffectiveness.
shinyapps.io/geneticdisease for 24 months. After that time,
please contact the corresponding author (B.E.S.).
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