
Methodological Issues in Assessing the Economic Value of 
Next-Generation Sequencing Tests: Many Challenges and Not 
Enough Solutions

Kathryn A. Phillips, PhD,
University of California at San Francisco, Department of Clinical Pharmacy; Center for 
Translational and Policy Research on Personalized Medicine (TRANSPERS); UCSF Philip R. Lee 
Institute for Health Policy; and UCSF Helen Diller Family Comprehensive Cancer Center, San 
Francisco, CA, USA

Patricia A. Deverka, MD, MS,
American Institutes for Research, Chapel Hill, NC, USA

Deborah A Marshall, PhD,
Department of Community Health Sciences, University of Calgary, Calgary, Alberta T2N 4Z6, 
Canada

Sarah Wordsworth, PhD,
Nuffield Department of Population Health, Medical Sciences Division, University of Oxford, 
Oxford, United Kingdom

Dean A. Regier, PhD,
Cancer Control BC, School of Population and Public Health, University of British Columbia, 
Vancouver, BC, Canada

Kurt D. Christensen, PhD, and
Brigham and Women’s Hospital, Harvard University, Boston, MA, USA

James Buchanan, DPhil
Nuffield Department of Population Health, Medical Sciences Division, University of Oxford, 
Oxford, United Kingdom

Abstract

Contact Information for Corresponding Author: Kathryn A. Phillips, PhD, University of California at San Francisco, Department 
of Clinical Pharmacy; Center for Translational and Policy Research on Personalized Medicine (TRANSPERS); UCSF Philip R. Lee 
Institute for Health Policy; and UCSF Helen Diller Family Comprehensive Cancer Center, 3333 California St, Room 420, Box 0613, 
San Francisco, CA 94143, USA, Tel: (415) 502-4025, Fax: (415) 502-0792, Kathryn.Phillips@ucsf.edu. 

Financial Disclosures
Dr. Phillips has received honoraria for serving on a scientific advisory panel and is a paid consultant to Illumina. Disclosures have 
been reviewed by the University of California, San Francisco. One author (K.P.) received consulting fees from Illumina to support the 
research conducted for this publication. Some authors (K.P., D.R., P.D.) received travel support from Illumina to attend a past working 
group meeting. Dr. Marshall reports personal fees from Board Membership: Pfizer, personal fees from Consultancy: Optum Insight, 
personal fees from Consultancy: Research Triangle Institute, personal fees from Consultancy: Roche, personal fees and non-financial 
support from Consultancy: Novartis, personal fees and non-financial support from Consultancy: Abbvie, personal fees and non-
financial support from Consultancy: Janssen, grants from Grants/grants pending, outside the submitted work.

HHS Public Access
Author manuscript
Value Health. Author manuscript; available in PMC 2018 September 27.

Published in final edited form as:
Value Health. 2018 September ; 21(9): 1033–1042. doi:10.1016/j.jval.2018.06.017.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Background—Clinical use of next-generation sequencing (NGS) tests has been increasing, but 

few studies have examined their economic value. Several studies have noted that there are 

methodological challenges to conducting economic evaluations of NGS tests.

Objective—Our objective was to examine key methodological challenges for conducting 

economic evaluations of NGS tests, prioritize these challenges for future research, and identify 

how studies have attempted solutions to address these challenges.

Methods—We identified challenges for economic evaluations of NGS tests using prior literature 

and expert judgment of the co-authors. We used a modified Delphi assessment to prioritize 

challenges, based on importance and probability of resolution. Using a structured literature review 

and article extraction we then assessed whether published economic evaluations had addressed 

these challenges.

Results—We identified 11 challenges for conducting economic evaluations of NGS tests. The 

experts identified three challenges as the top priorities for future research: complex model 

structure, timeframe, and type of analysis and comparators used. Of the 15 published studies 

included in our literature review, four studies described specific solutions relevant to five of the 11 

identified challenges.

Conclusions—Major methodological challenges to economic evaluations of NGS tests remain 

to be addressed. Our results can be used to guide future research and inform decision-makers on 

how to prioritize research on the economic assessment of NGS tests

Precis

We examine methodological challenges for conducting economic evaluations of next generation 

sequencing tests, prioritize these challenges, and identify how studies have applied solutions.

INTRODUCTION

Understanding the economic value of clinical tests that utilize “next-generation sequencing” 

(NGS) is critical to their appropriate implementation. The use of NGS tests (including 

multigene panels, whole exome, and whole genome sequencing) has been increasing.(1) 

However, only a limited number of studies have examined their economic value.(2) Several 

studies have noted that there are methodological challenges to evaluating NGS tests that may 

be a barrier to conducting evaluations.(3–12)

Our objective was to examine key methodological challenges for conducting economic 
evaluations of NGS tests, prioritize these challenges for future research, and identify 
how studies have attempted solutions. The fundamental key characteristic of NGS tests 

that complicates their economic evaluation is that, by definition, they simultaneously 

examine multiple genes and can produce multiple results, each with distinct short and long-

term clinical and economic trajectories. In contrast, most economic evaluations examine the 

value of one test conducted for a specific reason, with one defined result, and with a single 

trajectory of costs and outcomes, and thus this approach may have to be modified for NGS 

tests. A previous study noted that researchers need to be “creative” about approaches to 

evaluating the costs and outcomes of NGS tests.(13) Addressing challenges to conducting 
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economic evaluations can facilitate the ability of researchers to conduct such evaluations as 

well as increase the clarity and transparency of economic analyses for decision-makers.

METHODS

Overview

We identified challenges for economic evaluations of NGS using prior literature and input 

from co-authors with expertise in economic methods and NGS. We used a modified Delphi 

assessment to prioritize these challenges based on their perceived importance and 

probability of their resolution by methodological consensus. We then used structured 

literature review and article extraction to assess whether published evaluations had 

developed and applied solutions to these challenges.

Identifying Challenges for Economic Evaluations of NGS

We developed our list of challenges for economic evaluations of NGS tests in two steps. 

First, we built on a previous study that defined issues in economic evaluation of personalized 

medicine more broadly.(14) We then modified the list to include challenges that are 

particularly relevant to NGS tests, based on studies describing challenges for NGS 

evaluations.(3–12) Co-authors reviewed the list for accuracy and completeness. We did not 

restrict the list to only challenges that are unique to NGS, but did focus on those where there 

was group consensus that NGS testing made them especially challenging. We categorized 

challenges but we recognize that there is some overlap among them.

Delphi Method

We used the modified Delphi method(15) with the authors who are health economics experts 

(KP, DM, SW, DR, JB, KC) to rate and rank methodological challenges to economic 

evaluation of clinical NGS testing. In the first round we described the 11 challenges and 

asked experts to rate them using the following scales:

1) Importance (4 point rating scale from very important to unimportant, including 

option to choose “no judgment”)

2) Probability of resolution in the next five years via methodological consensus (5-

point rating scale from very probable to very improbable, including option to 

choose “no judgment”).

Respondents were also asked to provide a written rationale for each of their ratings. After 

excluding the “no judgment” ratings, we calculated the median scores for both rating scales 

and selected the top challenges using a threshold median score of three. This threshold 

corresponded to a rating of “Important” or “Very Important” on the importance scale and 

“Either Way” (50/50 chance of being resolved), “Probable” (better than a 50% chance of 

being resolved) or “Very Probable” (almost certain to be resolved) on the probability scale.

The purpose of the second round for the survey was to narrow the list of priority challenges 

based on the information in the first round. We provided the experts with the subset of 

challenges that met the above criteria in Round 1 as well as the descriptive rationales for 

these ratings. We then asked respondents to identify and rank the three top challenges based 
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on their current assessment of importance and probability of resolution and in order of 

preference for taking action now (1 = most preferred; 3 = less preferred). Respondents 

provided their rationale for each ranking. We determined the top scoring challenges based on 

how often each challenge was chosen as either “most preferred” or “preferred”.

Structured Literature Review to Identify Published Economic Evaluations and Their 
Solutions

We systematically conducted searches of PubMed and Embase to identify economic 

evaluations of NGS tests. We also used hand searching by reviewing article citations and 

review articles.

We used ten known relevant articles to identify relevant search terms (16–25) (searches are 

described in the Appendix). The PubMed search used specific MeSH terms to identify 

directly relevant articles and title keywords to identify articles not yet indexed. The Embase 

search was designed to be similar to our PubMed search but was revised to fit Embase terms. 

We also had to modify searches to capture studies of non-invasive prenatal tests using NGS 

because of how they were coded.

We screened articles by their titles and abstracts, with full text reviewed as necessary (Figure 

1). We included studies if they met the following inclusion criteria:

- Empirical economic evaluation (including cost-effectiveness/cost-benefit/budget 

impact analyses, but excluding cost/consequence studies that did not calculate a 

ratio)

- Study of clinical use of next-generation sequencing test (i.e., we did not include 

gene expression profiling panels or tests of a single gene or gene pairs such as 

BRCA1/2)

- Published in English

We abstracted study variables using Excel spreadsheets to code study characteristics and 

solutions used to address challenges (authors KP and PD). Given that our key objective was 

to identify solutions to challenges rather than simply identify the challenges, we coded 

studies as follows:

(1) Did the study address any of the identified methodological challenges using a 

specifically described approach?

(2) If yes, what challenge was addressed and what solution was used?

We then identified how many of the challenges were addressed with specific solutions in the 

included studies. We did not attempt to define the quality and appropriateness of the 

methods used by the included studies in terms of whether they identified challenges or not. 

The challenges were not relevant to all of the studies and thus there was no need for some of 

the studies to identify challenges or apply solutions. We also did not assess the validity or 

generalizability of the solutions used.
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RESULTS

Challenges for Conducting Economic Evaluations of NGS Tests

We identified 11 challenges, which we grouped into three categories (Table 1).

(1) Study Questions and Model Structure (Complex Model Structure, Timeframe, 

Secondary Findings, Type of Analysis and Comparators Used, Directly 

Attributable Outcomes)

NGS tests can provide multiple results, and they have a much greater likelihood of 

identifying what are called “variants of unknown significance”, which are variants of a gene 

that have been identified through genetic testing, but whose significance to the function or 

health of an organism is not known. They may also generate secondary findings that are 

unrelated to the original reason for testing. Each of these findings may have distinct clinical 

trajectories and thus different costs and outcomes, and modeling every possible result and 

trajectory is often impractical. Secondary findings and variants of unknown significance can 

have either positive or negative impacts on costs and outcomes. In addition, findings may 

have interactive effects such that the sum is greater than the parts. For example, knowledge 

of the patterns of multiple mutations may provide more information than sequential, single-

gene testing, thus requiring complex economic models to reflect these interactions. There 

may also be interactive effects such as the joint impact of multiple outcomes on life 

expectancy.

Determining the relevant timeframe and costs and outcomes within that timeframe can be 

particularly complex with NGS tests. There may be upstream costs and outcomes that are 

incurred prior to testing such as equipment costs downstream costs and outcomes such as 

data storage costs, variant re-interpretation, and costs as a result of additional testing or 

work-up due to secondary findings. Of particular relevance is that NGS tests of the 

individual’s genetic make-up (i.e., germline) may provide information that can be used 

throughout an individual’s lifetime, and thus costs and outcomes should be appropriately 

prorated and discounted.

The choice of the type of analysis and relevant comparator(s) can be challenging. NGS tests 

can be compared to single gene tests, sequential single-gene testing, other types of testing, or 

no testing. In addition, NGS tests may be simultaneously relevant to multiple conditions 

(e.g., breast and colorectal cancer, or cancer and heart disease), complicating the 

determination of the appropriate comparator. Of particular relevance is that NGS tests may 

substitute for other interventions or may supplement them, which increases the complexity 

of modeling these tests.

Lastly, it can be challenging to identify which costs and outcomes are directly attributable to 

NGS versus those that would have occurred anyway. For example, NGS results may suggest 

cancer screening, which would have been recommended anyway as a preventive measure.

(2) Measuring Costs and Outcomes (Broad Measures of Patient Outcomes/Health 

Outcomes Beyond Person Tested/Societal Outcomes, Data Aggregation)
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NGS tests can produce outcomes that go beyond clinical outcomes for the patient, such as 

personal utility (personal rationales for and benefits of testing that go beyond clinical 

outcomes), impacts on family members and impacts beyond individuals on education, 

employment, etc. Although these effects are not unique to NGS, it has been noted that they 

may be particularly relevant because of the hereditary nature of genetic diseases and the 

potential lifetime impacts of testing. Many reviews have noted the challenge of fully 

capturing the costs and outcomes of NGS tests. For example, testing may end a diagnostic 

odyssey and thus provide “personal utility” even if it does not change health outcomes. In 

addition, evaluations of NGS tests may need to aggregate data from multiple studies.

(3) Data Availability and Quality (Data Availability Issues, Statistical Issues)

Data on key variables such as prevalence of mutations, clinical utility of testing, and race-

specific variables may be lacking for NGS tests. Evaluation of NGS tests may face data 

challenges that are more complex than found in other analyses, such as the role of 

penetrance (the proportion of individuals carrying a particular variant of a gene (the 

genotype) that also express an associated trait (the phenotype)). Another challenge is that 

needed data are often not triangulated and integrated so that they can inform economic 

evaluations. Data may have to be combined from multiple data sources such as provider 

notes, EHR data, test results reported in PDF format, patient self-report, and other clinics 

were patients are referred. Lastly, multiple findings also create joint uncertainties that may 

require complex statistical estimation and may benefit from value of information analyses 

(i.e., a formal method for quantifying the value of additional evidence).

Priorities for Addressing Challenges

In the first Delphi round, seven challenges (out of 11) scored above the median score of 3 for 

both importance and probability of resolution (appendix). These challenges were: complex 

model structure, timeframe, secondary findings, type of analysis and comparators chosen, 

directly attributable outcomes, data aggregation, and data availability. The experts reassessed 

the challenges based on the results from Round 1 and chose the following challenges in 

terms of priority for taking action now: type of analysis and comparator used, complex 

model structure, and timeframe (Table 2). The experts also explained why they perceived 

that these challenges were important and feasible to address.

How Studies Have Developed and Applied Solutions to Challenges

We identified 15 studies for inclusion (Table 3). All but one study (Sabatini 2016) were cost-

effectiveness analyses. The majority (60%) of the studies were US-based followed by 

studies from Australia (27%). The studies covered a variety of conditions: 47% were on 

cancer, 27% were on neurodevelopmental disorders in children, and 20% were on fetal 

aneuploidies. About half of the studies used intermediate outcome measures (e.g., cost per 

diagnosis, N=7). Interestingly, despite a concern that NGS technologies are too expensive 

for health care payers, all the studies except one identified a NGS test scenario that was cost-

effective (Doble 2017)

Of the 11 challenges, six challenges were addressed with specific solutions that were 

described in four different studies (Table 4). Specific solutions were:
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(1) Bennette et al 2015 (19) addressed the challenges of “Complex Model 

Structure”, “Secondary Findings”, and “Data Aggregation”. They addressed the 

modelling complexities introduced by multiple results and conditions and the 

challenge of modeling secondary findings. Their approach simplified the 

research question and model to make them manageable and leveraged existing 

data to make the analyses feasible. They narrowed the research question by 

modeling three archetypal groups and seven conditions. They also only included 

genes that were previously defined as having clinical utility rather than all 

possible secondary findings. They then leveraged existing cost-effectiveness 

analyses when possible rather than creating their own models.

Bennette et al also addressed the challenge of data aggregation by combining 

data from multiple studies and creating a composite cost-effectiveness ratio. 

They multiplied the individual-level estimates for costs and QALYs associated 

with returning a secondary finding by the expected prevalence of identifying and 

returning those results to estimate the implications of returning secondary 

findings at the population level.

(2) Gallego et al 2015 (20) addressed the challenge of “Complex Model Structure” 

by analyzing hypothetical test scenarios as part of their cost-effectiveness 

analysis of NGS tests for the diagnosis of colorectal cancer and polyposis 

symptoms. They noted that tests typically include the most highly penetrant 

mutations first, but then may expand to include less penetrant mutations. Thus, 

they analyzed four hypothetical tests in order of increasing effectiveness where 

each panel was larger than the previous one because of additional, lower 

prevalence mutations.

(3) Doble et al 2017 (26) addressed the challenge of “Statistical Issues” by using 

value of information analysis to assess where it would be of greatest value for 

decision-makers to reduce uncertainty, in their cost-effectiveness analysis of 

multiplex targeted screening to select targeted therapy for fourth-line treatment 

of metastatic lung adenocarcinoma. They found that such screening was not 

cost-effective compared to no testing. However, by using value of information 

analysis, they determined that additional research to reduce uncertainty may be a 

worthwhile investment, specifically, that reducing decision uncertainty for cost 

and resource use parameters, testing parameters, and clinical transition 

probabilities would have the greatest value.

(4) Sabatini et al 2016 (23) addressed the challenges of “Type of Analysis and 

Comparators Used” and “Data Aggregation”. They used budget impact analysis, 

which is a method that has not been as frequently applied to NGS tests or other 

tests as cost-effectiveness analysis. They also analyzed three different scenarios. 

By using these approaches, they addressed what they perceived to be the needs 

of the relevant decision-makers.

Sabatini et al also addressed the challenge of data aggregation by aggregating 

cost data across laboratories using representative labs and cross-lab 

comparisons. They noted that one challenge in performing cost analyses for 
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methods with multiple technology platforms and assay steps is the difficulty in 

determining a representative sample. To address this challenge, several 

laboratories performing clinical testing that met their definition of a 

representative laboratory were selected. They also incorporated the full costs of 

laboratory testing including the costs of bioinformatics and pipeline 

development, the costs associated with assessing the quality of the run, and the 

short- and long-term costs of storing data.

We did not find studies that specifically addressed other challenges (Table 4). Some studies 

mentioned such challenges but did not then attempt to address them with new solutions or 

with modifications of existing approaches.

DISCUSSION

We identified numerous challenges to conducting economic evaluations of NGS tests, and 

identified three challenges considered by experts to be the highest priorities for future 

research. We found that some challenges have been addressed using specific solutions but 

many challenges have not been addressed and solutions have not been generalized beyond 

specific studies. Of the three highest priority challenges, we found efforts to apply solutions 

to two of those challenges but we did not find any studies that have addressed one of the 

high priority challenges (appropriate timeframes).

Limitations

Our search may have missed relevant studies. As noted in other reviews,(2) the available 

search terms for identifying NGS panel studies are incomplete. There are no search terms for 

gene panels or multigene tests and thus we focused on identifying studies of sequencing 

tests. We also found that studies may be inconsistently coded; for example, Li 2017 (22) was 

incorrectly coded in PubMed as a “gene expression profiling panel” and thus we located this 

study using hand searching. To address these limitations, we used a range of data sources 

(PubMed, Embase, hand-searching) and a range of search terms. The number of studies we 

included differs from other recent reviews (e.g., Schwarze 2018 (2)) because we focused on 

multigene panels in addition to WES/WGS tests and we did not include studies only focused 

on costs.

We cannot ensure that we included all relevant challenges. We thus used a range of sources 

to identify the most relevant challenges and obtained input from co-authors. Similarly, we 

also cannot ensure that we identified all solutions used. Our study’s scope did not include 

determining whether studies should have addressed specific challenges or assess the 

methodological quality of studies. Instead, we focused on examining what challenges were 

or were not addressed using solutions. Lastly, we did not assess the appropriateness and 

adequacy of the identified solutions and other feasible solutions as this was beyond the 

scope of this study. Future research should obtain additional expert input on the priority 

challenges to address and potential solutions.
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CONCLUSIONS

Although researchers are starting to consider the challenges to conducting economic 

evaluations of NGS technologies, a great deal more research effort is required to identify and 

test potential solutions. It would be helpful if future research could further identify viable 

solutions in addition to examining the solutions already used in published studies. Questions 

to be addressed include: How generalizable are the identified solutions? What other 

solutions could be feasible? Can we determine when specific solutions are most relevant? 

How can economic theory contribute? These questions can be addressed using expert input, 

case studies, and assessment of ongoing research that is not yet published.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
PRISMA diagram of included and excluded studies.
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Table 1:

Challenges Identified for Economic Evaluations of NGS Tests

Study Questions & Model Structure

Complex Model Structure: Modeling multiple pathways, results, & testing uses (as a result of multiple genes being tested). May include 
modeling potential interactive effects (e.g., of life expectancy across multiple conditions).

Timeframe: Modeling upstream (e.g., equipment purchase) and downstream (e.g., recurring testing & storage costs) costs & outcomes specific 
to NGS when relevant. May include potential savings if doing test up-front with later use of results.

Secondary Findings: Incorporating possibility of secondary findings and their impact (positive & negative) when relevant

Type of Analysis and Comparators Used: Determining appropriate type of analysis and using approaches other than CEA when relevant; using 
appropriate comparators that take into account what NGS is being compared to and whether substitution or addition

Directly Attributable Outcomes: Identifying costs/outcomes directly attributable to NGS when necessary to parse out

Measuring Costs & Outcomes

Broad Measures of Patient Outcomes: Quantifying range of outcomes for person being tested when relevant, e.g., measuring personal utility to 
patients because of psychological benefits from having a diagnosis etc.

Broad Measures of Health Outcomes Beyond Person Tested: Modeling individual outcomes beyond person being tested when relevant (e.g., 
modeling impact on family members)

Broad Measures of Societal Outcomes: Modeling impact beyond patient outcomes (e.g., education, employment)

Data Aggregation: Aggregating data from multiple sources when necessary to measure NGS impact, e.g., combining data from multiple studies

Data Availability & Quality

Data Availability Issues: Examining lack of evidence and data variability as relevant to NGS, e.g., prevalence, penetrance, clinical utility, race-
specific inputs

Statistical Issues: Examining statistical issues as relevant to NGS, e.g., triangulating and integrating data sources, using value of information 
analysis

CEA, cost-effectiveness analysis; NGS, next-generation sequencing
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Table 2:

Top Priority Challenges to Address (Modified Delphi results)

Top Priority Challenges to 
Address

Expert Working Group Rationales

Type of Analysis and 
Comparators

Why important?

- Both are critical.

- Fundamental for measuring value and ensuring most relevant approach. Without right parameters 
may arrive at right conclusion to the wrong question.

- If using QALYs when not the right approach then conclusions are flawed.

What’s feasible?

- More feasible & quick to address than other challenges.

- Doesn’t really require anything new just more attention

What’s needed?

- Comparator difficult to define as tests change. Comparators may not be obvious – condition-specific 
or broader?

- Requires input from both health economics & decision-makers

Complex model structure Why important?

- Key issue that cannot be overcome with only transparency or simplifying assumptions & can’t just 
“get around it”.

What’s feasible?

- Requires different modeling approaches.

What’s needed?

- Need to generalize previous efforts.

- Requires methodological considerations regarding interactions specific to NGS

Timeframe Why important?

- Key/essential benefit of NGS (test results reused) so critical to measure

- Timeframe always important as need to capture long-term impact.

What’s feasible?

- Resolvable w/in next few years.

What’s needed?

- Analyses need to comprehensively incorporate information on upstream and downstream costs and 
outcomes

- Large sequencing projects worldwide provide opportunity to address

QALYs, quality adjusted life years; NGS, next-generation sequencing

Notes: We determined the top scoring challenges based on how often each challenge was chosen as either “most preferred” or “preferred”. Each of 
the above challenges was chosen by two respondents as “most preferred”. For the “preferred” designation, one respondent chose the type of 
analysis and comparator used, one chose the complex model structure, and two respondents chose timeframe. Given that the three top ranking 
challenges had similar scores, we did not attempt to further rank them. None of the other challenges were chosen as “most preferred”.

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 14

Ta
b

le
 3

:

E
co

no
m

ic
 E

va
lu

at
io

ns
 o

f 
N

G
S 

Te
st

s 
(N

=
15

)

A
ut

ho
r 

Y
ea

r
O

bj
ec

ti
ve

C
ou

nt
ry

D
is

ea
se

Te
st

 / 
C

om
pa

ra
to

rs
O

ut
co

m
e 

m
ea

su
re

R
es

ul
ts

 S
um

m
ar

y
C

on
cl

us
io

n 
Su

m
m

ar
y

B
en

ne
tte

 2
01

5
C

lin
ic

al
/ e

co
no

m
ic

 
im

pa
ct

 o
f 

re
tu

rn
in

g 
IF

s

U
S

C
ar

di
om

yo
pa

th
y,

 c
ol

or
ec

ta
l 

ca
nc

er
, h

ea
lth

y 
in

di
vi

du
al

s 
w

ith
 

ge
ne

tic
 F

H
x

W
G

S 
/ n

ot
 

di
sc

lo
si

ng
 W

G
S 

IF
s

co
st

/Q
A

LY
•

C
os

t/Q
A

LY
 =

 
$4

4,
80

0 
(c

ar
di

om
yo

pa
th

y 
pt

s)

•
C

os
t/Q

A
LY

 =
 

$1
15

,0
20

 (
C

R
C

 p
ts

)

•
C

os
t/Q

A
LY

 =
 

$4
58

,6
00

 (
he

al
th

y 
in

di
vi

du
al

s 
w

ith
 

ge
ne

tic
 F

H
x)

L
ik

el
y 

co
st

-e
ff

ec
tiv

e 
fo

r 
ce

rt
ai

n 
po

pu
la

tio
ns

. U
nl

ik
el

y 
co

st
-e

ff
ec

tiv
e 

in
 

ge
ne

ra
l p

op
ul

at
io

n 
un

le
ss

 N
G

S 
<

$5
00

.

G
al

le
go

 2
01

5
E

co
no

m
ic

 
ev

al
ua

tio
n 

of
 N

G
S 

pa
ne

ls
 f

or
 C

R
C

U
S

C
ol

or
ec

ta
l C

an
ce

r
N

G
S 

pa
ne

l /
 c

ur
re

nt
 

st
an

da
rd

 o
f 

ca
re

co
st

/Q
A

LY
•

C
os

t/Q
A

LY
 =

 
$3

6,
50

0 
(h

ig
hl

y 
pe

ne
tr

an
t C

R
C

P 
sy

nd
ro

m
e 

ge
ne

s)

•
C

os
t/Q

A
LY

 =
 

$7
7,

30
0 

(p
an

el
 

in
cl

ud
es

 lo
w

 
pe

ne
tr

an
ce

 g
en

es
)

Fi
rs

t-
lin

e 
N

G
S 

pa
ne

l 
(g

en
es

 a
ss

oc
ia

te
d 

w
ith

 
hi

gh
ly

 p
en

et
ra

nt
 

C
R

C
P 

sy
nd

ro
m

es
 +

 
Ly

nc
h 

sy
nd

ro
m

e 
ge

ne
s)

 c
os

t-
ef

fe
ct

iv
e

K
ai

m
al

 2
01

5
D

ec
is

io
n-

an
al

yt
ic

 
m

od
el

 to
 a

ss
es

s 
co

m
pr

eh
en

si
ve

 
ou

tc
om

es
 o

f 
pr

en
at

al
 g

en
et

ic
 

te
st

in
g 

st
ra

te
gi

es
 

am
on

g 
w

om
en

 o
f 

va
ry

in
g 

ag
es

.

U
S

Fe
ta

l a
ne

up
lo

id
y

N
IP

T
 c

el
l-

fr
ee

 
D

N
A

 / 
si

x 
te

st
in

g 
st

ra
te

gi
es

 in
 

co
m

bi
na

tio
n 

or
 in

 
se

qu
en

ce

co
st

/Q
A

LY
•

M
ul

tip
le

 m
ar

ke
r 

sc
re

en
in

g 
do

m
in

an
t 

ch
oi

ce
 w

om
en

 <
ag

e 
38

•
C

os
t/Q

A
LY

 =
 

$7
3,

15
4 

C
el

l-
fr

ee
 

D
N

A
 s

cr
ee

ni
ng

 a
ge

 
40

+

M
ul

tip
le

 m
ar

ke
r 

sc
re

en
in

g 
un

de
r 

ag
e 

40
 

m
os

t c
os

t-
ef

fe
ct

iv
e 

op
tio

n 
fo

r 
m

os
t 

w
om

en
. A

ge
 4

0+
, c

el
l-

fr
ee

 D
N

A
 a

s 
pr

im
ar

y 
sc

re
en

 b
ec

om
es

 
op

tim
al

ly
 c

os
t-

ef
fe

ct
iv

e

L
i 2

01
5

Is
 N

G
S 

pa
ne

l (
34

 
ge

ne
s)

 f
or

 
m

el
an

om
a 

T
x 

se
le

ct
io

n 
co

st
-

ef
fe

ct
iv

e?

U
S

M
et

as
ta

tic
 M

el
an

om
a

N
G

S 
pa

ne
l /

 S
in

gl
e 

si
te

 B
R

A
F 

V
60

0 
te

st
 o

nl
y

co
st

/Q
A

LY
•

C
os

t =
 $

12
0,

02
2 

(g
en

e 
se

qu
en

ci
ng

 
pa

ne
l)

, 
Q

A
LY

s=
0.

72
1 

(Q
A

LY
s)

 (
ge

ne
 

se
qu

en
ci

ng
 p

an
el

)

•
C

os
t =

 $
12

8,
96

5,
 

Q
A

LY
s=

0.
70

4 
(s

in
gl

e-
si

te
 

m
ut

at
io

n 
te

st
 

st
ra

te
gy

)

N
G

S 
pa

ne
l i

s 
do

m
in

an
t s

tr
at

eg
y 

ov
er

 
si

ng
le

 s
ite

 m
ut

at
io

n 
te

st
 s

tr
at

eg
y 

(r
ed

uc
ed

 
co

st
s 

an
d 

in
cr

ea
se

d 
Q

A
LY

s)

W
al

ke
r 

20
15

(1
) 

D
et

er
m

in
e 

op
tim

um
 M

SS
 r

is
k 

U
S

Fe
ta

l a
ne

up
lo

id
y

U
ni

ve
rs

al
 N

IP
T

 
ce

ll-
fr

ee
 D

N
A

 / 
C

os
t/ 

D
ia

gn
os

is
•

C
os

t/d
ia

gn
os

is
 

un
iv

er
sa

l N
IP

T
 =

 
M

os
t c

os
t-

ef
fe

ct
iv

e 
po

lic
y 

de
pe

nd
ed

 o
n 

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 15

A
ut

ho
r 

Y
ea

r
O

bj
ec

ti
ve

C
ou

nt
ry

D
is

ea
se

Te
st

 / 
C

om
pa

ra
to

rs
O

ut
co

m
e 

m
ea

su
re

R
es

ul
ts

 S
um

m
ar

y
C

on
cl

us
io

n 
Su

m
m

ar
y

cu
to

ff
 f

or
 

co
nt

in
ge

nt
 N

IP
T

 (
2)

 
C

om
pa

re
 c

os
t-

ef
fe

ct
iv

en
es

s 
of

 
op

tim
iz

ed
 

co
nt

in
ge

nt
 N

IP
T

 to
 

un
iv

er
sa

l N
IP

T
 a

nd
 

co
nv

en
tio

na
l M

SS

M
SS

 a
nd

 o
pt

im
iz

ed
 

co
nt

in
ge

nt
 N

IP
T

$2
03

,0
88

 (
vs

. 
co

nt
in

ge
nt

 N
IP

T,
 

go
ve

rn
m

en
t 

pe
rs

pe
ct

iv
e)

•
C

os
t/d

ia
gn

os
is

 
un

iv
er

sa
l N

IP
T

 =
 

$2
63

,9
22

 (
vs

. 
co

nt
in

en
t N

IP
T,

 
pa

ye
r 

pe
rs

pe
ct

iv
e)

•
U

ni
ve

rs
al

 N
IP

T
 

do
m

in
at

ed
 b

ot
h 

co
nt

in
ge

nt
 N

IP
T

 
an

d 
M

SS
 (

so
ci

et
al

).

•
C

on
tin

ge
nt

 N
IP

T
 

do
m

in
at

ed
 M

SS
 

(g
ov

er
nm

en
t/p

ay
er

)

pe
rs

pe
ct

iv
e.

 U
ni

ve
rs

al
 

N
IP

T
 d

om
in

at
ed

 
(s

oc
ie

ta
l p

er
sp

ec
tiv

e)
, 

co
nt

in
ge

nt
 N

IP
T

 
do

m
in

at
ed

 
(g

ov
er

nm
en

t a
nd

 p
ay

er
 

pe
rs

pe
ct

iv
e)

A
zi

m
i 2

01
6

E
va

lu
at

e 
co

st
-

ef
fe

ct
iv

en
es

s 
of

 
ca

rr
ie

r 
sc

re
en

in
g 

us
in

g 
N

G
S 

vs
 

ge
no

ty
pi

ng
 f

or
 1

4 
re

ce
ss

iv
e 

di
so

rd
er

s 
fo

r 
w

hi
ch

 
gu

id
el

in
es

 
re

co
m

m
en

d 
sc

re
en

in
g

U
S

14
 r

ec
es

si
ve

 d
is

or
de

rs
 in

 c
ar

ri
er

 
sc

re
en

in
g

N
G

S 
pa

ne
l /

 
ge

no
ty

pi
ng

C
os

t/
LY

 g
ai

ne
d

•
C

os
t/L

Y
 g

ai
ne

d 
=

 
$2

9,
49

8 
(N

G
S)

 a
nd

 
co

st
/a

ff
ec

te
d 

bi
rt

h 
av

oi
de

d 
=

 $
1.

14
 

m
ill

io
n

•
C

os
t/L

Y
 g

ai
ne

d 
=

 
$3

3,
81

2 
(c

ar
ri

er
 

sc
re

en
in

g 
by

 
ge

no
ty

pi
ng

) 
an

d 
co

st
/a

ff
ec

te
d 

bi
rt

h 
av

oi
de

d 
=

 $
1.

33
 

m
ill

io
n

N
G

S-
ba

se
d 

ca
rr

ie
r 

sc
re

en
in

g 
(m

os
t 

pr
ev

al
en

t r
ec

es
si

ve
 

di
so

rd
er

s)
 c

os
t-

ef
fe

ct
iv

e 
in

 a
ve

rt
in

g 
m

or
e 

af
fe

ct
ed

 b
ir

th
s,

 
cr

ea
tin

g 
m

or
e 

LY
s 

ga
in

ed
 a

nd
 r

ed
uc

in
g 

an
nu

al
 a

nd
 li

fe
tim

e 
tr

ea
tm

en
ts

 c
os

ts
 a

s 
co

m
pa

re
d 

w
ith

 
ge

no
ty

pi
ng

Fa
ir

br
ot

he
r 

20
16

E
st

im
at

e 
C

E
A

 o
f 

fe
ta

l a
ne

up
lo

id
y 

sc
re

en
in

g 
in

 g
en

er
al

 
pr

eg
na

nc
y 

po
pu

la
tio

n 
us

in
g 

N
IP

T
 v

s 
FT

S 
w

ith
 

se
ru

m
 m

ar
ke

rs
 a

nd
 

N
T

 u
ltr

as
ou

nd

U
S

Fe
ta

l a
ne

up
lo

id
y

N
IP

T
 c

el
l-

fr
ee

 
D

N
A

 / 
sc

re
en

in
g 

us
in

g 
FT

S

C
os

t/
di

ag
no

si
s

•
C

os
t/d

ia
gn

os
is

 =
 

$4
97

,9
09

 (
co

st
 p

er
 

tr
is

om
y 

ca
se

 
id

en
tif

ie
d 

w
ith

 
FT

S)
.

•
N

IP
T

 c
os

t <
$4

53
 

th
en

 c
os

t s
av

in
gs

 v
s 

FT
S

N
IP

T
 in

 g
en

er
al

 
pr

eg
na

nc
y 

po
pu

la
tio

n 
le

ad
s 

to
 m

or
e 

pr
en

at
al

 
id

en
tif

ic
at

io
n 

of
 f

et
al

 
tr

is
om

y 
ca

se
s 

vs
 F

T
S 

an
d 

is
 m

or
e 

ec
on

om
ic

al
 a

t N
IP

T
 

un
it 

co
st

 o
f 

$4
53

Sa
ba

tin
i 2

01
6

Im
pa

ct
 o

f 
us

in
g 

ta
rg

et
ed

 g
en

e 
pa

ne
l 

in
 o

pt
im

iz
in

g 
ca

re
 

fo
r 

pa
tie

nt
s 

w
ith

 
ad

va
nc

ed
 n

on
 

sm
al

l-
ce

ll 
lu

ng
 

ca
nc

er
, u

se
 o

f 
ta

rg
et

ed
 g

en
e 

pa
ne

l 
in

 d
ia

gn
os

is
 a

nd
 

m
an

ag
em

en
t o

f 

U
S

A
dv

an
ce

d 
no

n 
sm

al
l-

ce
ll 

lu
ng

 
ca

nc
er

, s
en

so
ri

ne
ur

al
 h

ea
ri

ng
 

lo
ss

, a
nd

ne
ur

od
ev

el
op

m
en

ta
l d

is
or

de
rs

 
of

 u
nk

no
w

n 
ge

ne
tic

 e
tio

lo
gy

Ta
rg

et
ed

 g
en

e 
pa

ne
l 

fo
r 

th
re

e 
co

nd
iti

on
s 

/ c
ur

re
nt

 
st

an
da

rd
 o

f 
ca

re

C
os

t/
di

ag
no

si
s;

 M
an

ag
em

en
t, 

tr
ea

tm
en

t o
r 

in
te

rv
en

tio
n 

m
ix

 b
ef

or
e 

an
d 

af
te

r 
G

SP
 

te
st

in
g

•
Fo

r 
tu

m
or

 
se

qu
en

ci
ng

, t
ot

al
 

co
st

 o
f 

tr
ea

tm
en

t 
de

cr
ea

se
s 

by
 $

2.
7 

m
ill

io
n 

(f
ro

m
 $

10
.2

 
m

ill
io

n 
to

 $
7.

5 
m

ill
io

n)
, b

ut
 o

nl
y 

if
 

pa
tie

nt
s 

re
ce

iv
e 

in
ve

st
ig

at
io

na
l 

ta
rg

et
ed

 th
er

ap
ie

s

E
ac

h 
m

od
el

 
de

m
on

st
ra

te
d 

va
lu

e 
by

 
re

du
ci

ng
 h

ea
lth

 c
ar

e 
co

st
s 

or
 id

en
tif

yi
ng

 
ap

pr
op

ri
at

e 
ca

re
 

pa
th

w
ay

s,
 d

ep
en

di
ng

 
on

 a
ss

um
pt

io
ns

 
re

ga
rd

in
g 

co
st

 a
nd

 
tim

in
g 

of
 te

st
in

g 
(d

ef
in

iti
on

 o
f 

va
lu

e 

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 16

A
ut

ho
r 

Y
ea

r
O

bj
ec

ti
ve

C
ou

nt
ry

D
is

ea
se

Te
st

 / 
C

om
pa

ra
to

rs
O

ut
co

m
e 

m
ea

su
re

R
es

ul
ts

 S
um

m
ar

y
C

on
cl

us
io

n 
Su

m
m

ar
y

pa
tie

nt
s 

w
ith

 
se

ns
or

in
eu

ra
l 

he
ar

in
g 

lo
ss

, a
nd

 
ex

om
e 

se
qu

en
ci

ng
 

in
 th

e 
di

ag
no

si
s 

an
d 

m
an

ag
em

en
t o

f 
ch

ild
re

n 
w

ith
 

ne
ur

od
ev

el
op

m
en

ta
l 

di
so

rd
er

s 
of

 
un

kn
ow

n 
ge

ne
tic

 
et

io
lo

gy

•
Fo

r 
he

ar
in

g 
lo

ss
, 

an
al

ys
is

 r
ev

ea
le

d 
bo

th
 in

cr
ea

se
 in

 
di

ag
no

st
ic

 y
ie

ld
 

fr
om

 2
4–

26
%

 a
nd

 
co

st
 s

av
in

gs
 o

f 
$0

.2
4 

m
ill

io
n 

fo
r 

a 
hy

po
th

et
ic

al
 p

la
n 

of
 

1 
m

ill
io

n 
m

em
be

rs
.

•
Fo

r 
pe

di
at

ri
c 

ne
ur

od
ev

el
op

m
en

ta
l 

di
so

rd
er

s,
 a

na
ly

si
s 

su
gg

es
ts

 s
el

ec
tiv

e 
us

e 
of

 e
xo

m
e 

se
qu

en
ci

ng
 c

an
 

de
m

on
st

ra
te

 
po

ss
ib

le
 c

os
t 

sa
vi

ng
s 

de
pe

nd
in

g 
on

 a
ss

um
pt

io
ns

 
re

ga
rd

in
g 

ex
om

e 
co

st
s 

an
d 

di
ag

no
st

ic
 

yi
el

d.

di
ff

er
s 

by
 c

lin
ic

al
 

sc
en

ar
io

).

D
ob

le
 2

01
7

C
om

pa
re

 u
se

 o
f 

M
T

S 
to

 s
el

ec
t 

ta
rg

et
ed

 th
er

ap
y 

ba
se

d 
on

 tu
m

or
 

ge
no

m
ic

 p
ro

fi
le

s 
to

 
no

 f
ur

th
er

 te
st

in
g 

(w
/ c

he
m

o 
or

 w
/ 

su
pp

or
tiv

e 
ca

re
) 

in
 

fo
ur

th
-l

in
e 

tr
ea

tm
en

t o
f 

m
et

as
ta

tic
 lu

ng
 

ad
en

oc
ar

ci
no

m
a

A
U

S
M

et
as

ta
tic

 lu
ng

 a
de

no
ca

rc
in

om
a

M
T

S 
/ n

o 
fu

rt
he

r 
te

st
in

g 
(c

he
m

o 
or

 
su

pp
or

tiv
e 

ca
re

)

C
os

t p
er

 L
Y

/Q
A

LY
•

C
os

t/L
Y

 =
 A

U
D

 
48

5,
19

9 
(~

$3
78

,0
00

U
SD

) 
M

T
S 

vs
. B

SC
)

•
C

os
t/Q

A
LY

 =
 A

U
D

 
36

1,
58

0 
(~

$2
82

,0
00

U
SD

) 
(c

he
m

o 
vs

. B
SC

)

•
C

os
t/Q

A
LY

 =
 A

U
D

 
48

9,
33

8 
(~

$3
81

,0
00

) 
(M

T
S 

v.
 

ch
em

o)

M
T

S 
no

t c
os

t-
ef

fe
ct

iv
e.

 V
O

I 
an

al
ys

es
 r

ev
ea

l 
re

du
ci

ng
 d

ec
is

io
n 

un
ce

rt
ai

nt
y 

fo
r 

co
st

 
an

d 
re

so
ur

ce
 u

se
 

pa
ra

m
et

er
s,

 te
st

in
g 

pa
ra

m
et

er
s 

an
d 

cl
in

ic
al

 tr
an

si
tio

n 
pr

ob
ab

ili
tie

s 
ha

ve
 

gr
ea

te
st

 v
al

ue

L
i 2

01
7

In
ve

st
ig

at
e 

w
he

th
er

 
a 

se
ve

n-
ge

ne
 te

st
 to

 
id

en
tif

y 
w

om
en

 
w

ho
 s

ho
ul

d
co

ns
id

er
 r

is
k-

re
du

ct
io

n 
st

ra
te

gi
es

 
co

ul
d 

co
st

-
ef

fe
ct

iv
el

y 
in

cr
ea

se
 

lif
e

ex
pe

ct
an

cy

U
S

B
re

as
t C

an
ce

r
7-

ge
ne

 te
st

 
(B

R
C

A
1,

 B
R

C
A

2,
 

T
P5

3,
 P

T
E

N
, 

C
D

H
1,

 S
T

K
11

, a
nd

PA
L

B
2)

. /
 

B
R

C
A

1/
2

co
st

/Q
A

LY
•

C
os

t/L
Y

 =
 $

42
,0

67
;

•
C

os
t/Q

A
LY

 =
 

$6
9,

92
0 

(5
0 

yr
 o

ld
)

•
C

os
t/L

Y
 =

 $
23

,7
34

;

•
co

st
/Q

A
LY

 =
 

$4
8,

32
8 

(4
0 

yr
 o

ld
)

Te
st

in
g 

se
ve

n 
br

ea
st

 
ca

nc
er

–a
ss

oc
ia

te
d 

ge
ne

s,
 f

ol
lo

w
ed

 b
y 

ri
sk

-r
ed

uc
tio

n 
m

an
ag

em
en

t s
ta

rt
in

g 
at

 e
ith

er
 a

ge
 4

0 
or

 5
0 

ye
ar

s,
 c

ou
ld

 c
os

t-
ef

fe
ct

iv
el

y 
im

pr
ov

e 
lif

e 
ex

pe
ct

an
cy

.

Sa
ito

 2
01

7
To

 d
et

er
m

in
e 

C
E

A
 

of
 c

om
pr

eh
en

si
ve

 
m

ol
ec

ul
ar

 p
ro

fi
lin

g 
be

fo
re

 in
iti

at
in

g 

JP
Y

M
et

as
ta

tic
 C

ol
or

ec
ta

l C
an

ce
r

C
om

pr
eh

en
si

ve
 

M
ol

ec
ul

ar
 

Pr
of

ili
ng

 / 
R

A
S 

m
ut

at
io

n 
sc

re
en

in
g

co
st

/Q
A

LY
•

C
os

t/Q
A

LY
 =

 
4,

26
0,

18
7 

JP
Y

 (
~

$4
0,

00
0 

U
SD

)

C
om

pr
eh

en
si

ve
 

sc
re

en
in

g 
m

or
e 

co
st

-
ef

fe
ct

iv
e 

th
an

 R
A

S 
sc

re
en

in
g

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 17

A
ut

ho
r 

Y
ea

r
O

bj
ec

ti
ve

C
ou

nt
ry

D
is

ea
se

Te
st

 / 
C

om
pa

ra
to

rs
O

ut
co

m
e 

m
ea

su
re

R
es

ul
ts

 S
um

m
ar

y
C

on
cl

us
io

n 
Su

m
m

ar
y

an
ti-

E
G

FR
 

th
er

ap
ie

s 
fo

r 
m

et
as

ta
tic

 
co

lo
re

ct
al

 c
an

ce
r

Sc
ho

fi
el

d 
20

17
E

va
lu

at
e 

ec
on

om
ic

 
va

lu
e 

fo
r 

pa
ne

l o
r 

W
E

S 
of

 
ne

ur
om

us
cu

la
r 

di
se

as
e

A
U

S
ne

ur
om

us
cu

la
r 

di
so

rd
er

s
W

E
S 

an
d 

pa
ne

l /
 

m
us

cl
e 

bi
op

sy
 &

 
pr

ot
ei

n 
as

sa
ys

 
(t

ra
di

tio
na

l)

C
os

t/ 
ad

di
tio

na
l d

ia
gn

os
is

•
Pa

ne
l s

av
ed

 
$1

7,
07

5 
/ a

dd
l 

di
ag

no
si

s

•
W

E
S 

sa
ve

d 
$1

0,
20

4 
/ a

dd
l 

di
ag

no
si

s

Pa
ne

l m
os

t c
os

t-
ef

fe
ct

iv
e 

&
 W

E
S 

2n
d 

m
os

t v
s.

 tr
ad

iti
on

al
 

di
ag

no
st

ic
 p

at
hw

ay

St
ar

k 
20

17
E

va
lu

at
io

n 
of

 3
 

st
ra

te
gi

es
 to

 in
cl

ud
e 

W
E

S 
in

 c
ur

re
nt

 
te

st
in

g 
pa

th
w

ay

A
U

S
Pe

di
at

ri
c 

m
on

og
en

et
ic

 d
is

or
de

rs
1)

 W
E

S 
af

te
r 

ex
ha

us
tiv

e 
st

an
da

rd
 

in
ve

st
ig

at
io

n,
 (

2)
 

W
E

S 
to

 r
ep

la
ce

 
so

m
e 

in
ve

st
ig

at
io

ns
, 

(3
) 

W
E

S 
to

 r
ep

la
ce

 
m

os
t i

nv
es

tig
at

io
ns

 / 
st

an
da

rd
 o

f 
ca

re

C
os

t/ 
ad

di
tio

na
l d

ia
gn

os
is

•
C

os
t/a

dd
l d

ia
gn

os
is

 
=

 $
6,

32
7 

(W
E

S 
af

te
r 

ex
ha

us
tiv

e 
st

an
da

rd
 

in
ve

st
ig

at
io

n)
.

•
C

os
t/a

dd
l d

ia
gn

os
is

 
=

 $
2,

04
5 

(W
E

S 
to

 
re

pl
ac

e 
so

m
e 

in
ve

st
ig

at
io

ns
).

•
Sa

vi
ng

s/
ad

dl
 

di
ag

no
si

s 
- 

$1
,7

02
 

(W
E

S 
to

 r
ep

la
ce

 
m

os
t i

nv
es

tig
at

io
ns

)

E
ar

ly
 W

E
S 

tr
ip

le
s 

di
ag

no
st

ic
 r

at
e 

fo
r 

1/
3 

co
st

 p
er

 d
ia

gn
os

is

Ta
n 

20
17

In
ve

st
ig

at
e 

im
pa

ct
 

of
 W

E
S 

in
 

se
qu

en
ci

ng
-n

ai
ve

 
ch

ild
re

n 
su

sp
ec

te
d 

of
 h

av
in

g 
m

on
og

en
ic

 d
is

or
de

r 
an

d 
ev

al
ua

te
 C

E
A

 if
 

W
E

S 
ha

d 
be

en
 

av
ai

la
bl

e 
at

 
di

ff
er

en
t t

im
e 

po
in

ts
 in

 d
ia

gn
os

tic
 

tr
aj

ec
to

ry

A
U

S
M

on
og

en
ic

 d
is

or
de

rs
 in

 
ch

ild
re

n
Si

ng
le

to
n 

W
E

S 
/ 

st
an

da
rd

 d
ia

gn
os

tic
 

pa
th

w
ay

 (
no

 s
in

gl
e 

ge
ne

 o
r 

pa
ne

l 
te

st
in

g)

C
os

t/ 
ad

di
tio

na
l d

ia
gn

os
is

•
Sa

vi
ng

s 
pe

r 
ad

dl
 d

x 
$6

83
8 

(W
E

S 
at

 
in

iti
al

 te
rt

ia
ry

 
pr

es
en

ta
tio

n)

•
Sa

vi
ng

s 
pe

r 
ad

dl
 d

x 
$4

14
0 

(W
E

S 
at

 f
ir

st
 

ge
ne

tic
s 

ap
po

in
tm

en
t)

Si
ng

le
to

n 
W

E
S 

in
 

ch
ild

re
n 

w
ith

 
su

sp
ec

te
d 

m
on

og
en

ic
 

co
nd

iti
on

s 
ha

s 
hi

gh
 

di
ag

no
st

ic
 y

ie
ld

, a
nd

 
C

E
A

 is
 m

ax
im

iz
ed

 b
y 

ea
rl

y 
ap

pl
ic

at
io

n 
in

 th
e 

di
ag

no
st

ic
 p

at
hw

ay
.

T
si

pl
ov

a 
20

17
C

om
pa

ri
so

n 
of

 
C

M
A

 to
 

W
E

S/
W

G
S 

in
 

A
ut

is
m

 S
pe

ct
ru

m
 

D
is

or
de

r

C
A

D
A

ut
is

m
 S

pe
ct

ru
m

 D
is

or
de

rs
W

E
S,

 W
G

S 
/ C

M
A

C
os

t/ 
dx

 (
ad

di
tio

na
l 

po
si

tiv
e 

fi
nd

in
g)

•
C

os
t/d

x 
ra

te
 =

 
$2

5,
45

8 
C

A
D

 (
~

$2
0,

00
0U

SD
) 

(C
M

A
+

W
E

S 
vs

. 
C

M
A

)

•
C

os
t/d

x 
ra

te
 =

 
$2

6,
02

0-
$5

8,
95

9 
(~

$2
0,

00
0-

$4
7,

00
0U

SD
) 

(W
G

S 
vs

. C
M

A
 

de
pe

nd
in

g 
on

 
m

ac
hi

ne
)

In
cr

em
en

ta
l c

os
t w

as
 >

 
C

A
D

$2
5,

00
0 

pe
r 

ad
di

tio
na

l p
os

iti
ve

 
fi

nd
in

g 
if

 C
M

A
 w

as
 

re
pl

ac
ed

 b
y 

ne
w

er
 

te
ch

no
lo

gy
. F

ut
ur

e 
re

du
ct

io
ns

 in
 m

at
er

ia
l 

an
d 

eq
ui

pm
en

t c
os

ts
 

an
d 

in
cr

ea
se

d 
un

de
rs

ta
nd

in
g 

of
 

va
ri

an
ts

 w
ill

 le
ad

 to
 

im
pr

ov
ed

 v
al

ue
.

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 18

A
ut

ho
r 

Y
ea

r
O

bj
ec

ti
ve

C
ou

nt
ry

D
is

ea
se

Te
st

 / 
C

om
pa

ra
to

rs
O

ut
co

m
e 

m
ea

su
re

R
es

ul
ts

 S
um

m
ar

y
C

on
cl

us
io

n 
Su

m
m

ar
y

•
C

os
t/d

x 
ra

te
 =

 
$2

8,
30

0-
$1

95
,0

56
 

(~
$2

2,
00

0-
$1

53
,0

00
U

SD
) 

(W
G

S 
vs

. C
M

A
+

W
E

S 
de

pe
nd

in
g 

on
 m

ac
hi

ne
)

A
dd

l, 
ad

di
tio

na
l; 

A
U

S,
 A

us
tr

al
ia

n;
 C

A
D

, C
an

ad
a;

 C
E

A
, c

os
t-

ef
fe

ct
iv

en
es

s 
an

al
ys

is
; C

M
A

, c
hr

om
os

om
al

 m
ic

ro
ar

ra
y;

 C
R

C
, c

ol
or

ec
ta

l c
an

ce
r;

 C
R

C
P,

 c
ol

or
ec

ta
l c

an
ce

r 
an

d 
po

ly
po

si
s;

 D
x,

 d
ia

gn
os

is
; F

H
x,

 
fa

m
ily

 h
is

to
ry

; F
T

S,
 f

ir
st

 tr
im

es
te

r 
co

m
bi

ne
d 

sc
re

en
in

g;
 I

Fs
, i

nc
id

en
ta

l f
in

di
ng

s;
 J

PY
, J

ap
an

; L
Y

, l
if

e 
ye

ar
; M

SS
, m

at
er

na
l s

er
um

 s
cr

ee
ni

ng
; M

T
S,

 m
ul

tip
le

x 
ta

rg
et

ed
 s

eq
ue

nc
in

g;
 N

IP
T,

 n
on

-i
nv

as
iv

e 
pr

en
at

al
 

te
st

in
g;

 N
T,

 n
uc

ha
l t

ra
ns

lu
ce

nc
y;

 Q
A

LY
, q

ua
lit

y 
ad

ju
st

ed
 li

fe
 y

ea
rs

; T
x,

 tr
ea

tm
en

t; 
V

O
I,

 v
al

ue
 o

n 
in

ve
st

m
en

t; 
U

S,
 U

ni
te

d 
St

at
es

; W
E

S,
 w

ho
le

 e
xo

m
e 

se
qu

en
ci

ng
; W

G
S,

 w
ho

le
 g

en
om

e 
se

qu
en

ci
ng

; w
/, 

w
ith

N
ot

es
:

A
ll 

st
ud

ie
s 

w
er

e 
C

E
A

s 
ex

ce
pt

 f
or

 S
ab

at
in

i 2
01

6,
 w

hi
ch

 w
as

 a
 c

os
t-

im
pa

ct
 a

na
ly

si
s/

bu
dg

et
 im

pa
ct

 a
na

ly
si

s

A
ll 

st
ud

ie
s 

us
ed

 th
e 

pa
ye

r 
pe

rs
pe

ct
iv

e 
ex

ce
pt

 W
al

ke
r 

20
15

, w
hi

ch
 u

se
d 

pa
ye

r, 
go

ve
rn

m
en

ta
l, 

an
d 

so
ci

et
al

 p
er

sp
ec

tiv
es

.

Value Health. Author manuscript; available in PMC 2018 September 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phillips et al. Page 19

Table 4:

Specific Solutions Applied to Specific Challenges

CHALLENGES STUDIES ADDRESSING A SPECIFIC CHALLENGE WITH A SPECIFIC 
SOLUTION

Study Questions & Model Structure

Complex Model Structure - Bennette et al 2015 addressed complexities of modeling secondary findings through 
a targeted modeling approach and incorporating prior cost-effectiveness analyses

- Gallego et al 2015 analyzed hypothetical panels that included less penetrant 
mutations in order to consider how adding these mutations would reduce estimated 
cost-effectiveness, given that panels include most highly penetrant mutations first

Timeframe Studies did not use explicit solutions to address

Secondary Findings - Bennette et al 2015 focused solely on secondary findings

Type of Analysis and Comparators Used - Sabatini et al 2016 used budget impact analysis and three scenarios to address needs 
of decision-makers

Directly Attributable Outcomes Studies did not use explicit solutions to address

Measuring Costs & Outcomes

Broad Measures of Patient Outcomes Studies did not use explicit solutions to address

Broad Measures of Health Outcomes Beyond 
Person Tested

Studies did not use explicit solutions to address

Broad Measures of Societal Outcomes Studies did not use explicit solutions to address

Data Aggregation - Bennette et al, 2015 combined data from multiple studies and created a composite 
cost-effectiveness ratio

- Sabatini et al 2016 aggregated cost data across labs using representative labs and 
cross-lab comparisons

Data Availability & Quality

Data Availability Issues Studies did not use explicit solutions to address

Statistical Issues - Doble et al 2017 used value-of-information analysis to assess where of greatest value 
for decision-makers to reduce uncertainty

Note: Challenges are not relevant to all studies.
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