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Determining accurate costs for genomic sequencing technologies—a
necessary prerequisite
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Abstract
Genome sequencing (GS) is increasingly being translated into clinical practice and is a technology characterized by a complex
multi-step workflow. Funding decisions for GS would be aided by formal economic evaluation of GS platforms, but these
analyses require detailed costing. This article addresses the importance of and challenges associated with costing GS using a
GS microcosting project in autism spectrum disorder as an illustrative example.
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Faced with a growing demand for genome sequencing
(GS) by patients and clinicians, health plan decision-
makers in the USA, Canada, the UK, and elsewhere
are grappling with how to evaluate and fund these tech-
nologies as they emerge into practice (Weymann et al.
2019). The need for valid, high-quality evidence of eco-
nomic value is essential in the face of pseudo-economic
claims regarding affordability (e.g., “the $1000 ge-
nome”) and falling costs that have been used to mislead
decision-makers (Phillips et al. 2015). The ideal means
to generate such evidence is through health technology
assessment (HTA). HTA aggregates evidence on the
clinical validity, safety, clinical utility, and ethical, legal,
and social aspects of emerging technologies. At its core,
HTA includes a formal cost-effectiveness analysis that
compares the new technology to an existing standard.

Sequencing costs and health technology
assessment

Precise and detailed costing is a necessary prerequisite for
economic evaluation of GS. The goal of economic evaluation
is to understand the marginal effect, i.e., the incremental costs
(or savings) of GS compared with a standard of care, and what
this additional investment buys in added benefit. “Benefit”
may be expressed in terms of clinical utility and test effective-
ness, e.g., diagnostic yield, but preferably is expressed as im-
provements in a patient’s health status that arise as a conse-
quence of changes in a patient’s management prompted by GS
(CADTH 2017). Understanding the longer-term effects on
health is the ultimate objective for funding decision-makers
but such data are rarely available for emerging diagnostic
technologies.

A review by Schwarze et al. (2018) summarized available
health economic evidence on whole exome (WES) and whole
genome sequencing (WGS) (Schwarze et al. 2018). Of the 36
studies reviewed, 26 studies evaluated WES and/or WGS in
multiple diseases such as cardiomyopathy and pediatric neu-
rological disorders. Nineteen studies were either full or partial
economic evaluations while seven were cost studies. All stud-
ies were done in the USA, the UK, Canada, Australia, or other
European countries. The primary comparator for WES/WGS
was the conventional testing pathway that included molecular
and/or cytogenetic tests. Cost estimates from eighteen studies
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investigating WES ranged from $555 to $5169 USD for sin-
gletons and $3825 to $9304 for trio-based studies. Cost esti-
mates from six WGS studies ranged from $1906 to $24,810
USD. Variation observed was attributable to the price used
(opportunity cost or commercial price), the costing approach
(e.g., microcosting or gross costing), the source of the cost
data, or the cost components that were included (Schwarze
et al. 2018). Only four studies used a transparent microcosting
approach, emphasizing the scarcity of accurate and precise
costing of these technologies (Schwarze et al. 2018).

Challenges in costing genomic technologies

While gross costing using charges or estimates of total
costs has been used in economic evaluation of GS
(Buchanan et al. 2013), in reality, GS is a technology that
is comprised of a complex workflow, each consisting of
numerous separate cost items. Microcosting identifies the
types, quantities, and the associated component costs of
resources related to a particular intervention (Jani et al.
2016). When applied to WES/WGS, it allows for the entire
workflow to be tracked. Moreover, microcosting promotes
transparency and allows for individual items to be updated
as the technology evolves. As an example of a
microcosting project, our team conducted microcosting to
estimate the per sample costs of various GS platforms used
to aid a diagnosis of autism spectrum disorder (ASD). The
laboratory workflow from blood draw to laboratory
reporting was broken down into steps, and within each
step, every resource was itemized, resulting in a total num-
ber of microcost items that ranged from 38 for chromosom-
al microarray (CMA) to 68 for WES-HiSeq® 2500. All
items were categorized as labor, supplies, follow-up test-
ing, bioinformatics, and small or large equipment
(Jegathisawaran et al. 2018).

The first GS microcosting was conducted by our team
in 2016 and analyzed probands only (Tsiplova et al. 2016;
Tsiplova et al. 2017). The cost model was deliberately
built to enable easy updating in recognition of rapidly
changing GS technologies. An update was performed in
2018 to capture advances in procedures and technology,
update inputs including labor costs for all platforms, and
add trio-based evaluation (child and two parents) for WES
and WGS (Jegathisawaran et al. 2018). The detailed
methods for estimating costs of trio WES/WGS and the
methodological differences between the original and up-
dated microcosting studies are outlined elsewhere
(Jegathisawaran et al. 2018). While trio sequencing can
enhance the ability to detect variants of interest as well
as determine genetic profiles for parents, it further com-
plicates economic evaluation with regard to the scope of
downstream health and cost consequences that should be

captured. The results per ASD sample for both probands
and trios in each of the platforms are displayed in Table 1.
There is no evidence that costs have decreased since
2016. Differences between 2016 and 2018 estimates are
due to additional bioinformatics processing steps, updated
wage information, and increased reagent costs (for
HiSeq® 2500) (Jegathisawaran et al. 2018; Tsiplova
et al. 2016).

There are several challenges to microcosting a GS
technology. Rapid evolution of sequencing technology
and platforms makes it challenging to maintain up to
date, accurate, and precise costs. Changes in computa-
tional capacity, software, and requirements, in addition
to the upgrades in equipment and procedures within and
between institutions, contribute to this challenge. As
WGS is mainly a research application, calculating op-
portunity costs to reflect a clinical rather than a research
context can be informed by WES microcosting but also
may require expert opinion. Hence, the actual costs of
WGS may diverge from projected estimates when intro-
duced in clinical settings. An opportunity cost approach
using microcosting may nevertheless be superior to ap-
plying fixed charges from an external service provider
as it avoids mark-ups and commercial pricing.
Furthermore, microcosting is institution-specific. The se-
lected input parameters may differ between settings.
Equipment supply costs and maintenance contracts can
be negotiated, resulting in differences between institu-
tions. Taking a probabilistic approach to microcosting
that models ranges for each cost item to reflect variation
across institutions allows for price and volume uncer-
tainty to be directly incorporated into the point esti-
mates and enables the calculation of confidence inter-
vals around cost estimates for regional decision-making.

In conclusion, precise estimates of the costs associat-
ed with GS platforms are a prerequisite to full economic
evaluations essential for informing coverage decisions
and policy as these new technologies are translated into
clinical practice. As illustrated by work in our institu-
tion, efforts to standardize procedures, such as patient
consent, bioinformatics pipelines, and laboratory pro-
cesses, will impact the efficiency and the ultimate cost
of the workflow (Weymann et al. 2019). Changes in
sequencing platforms and the removal of older obsolete
platforms will impact the quality of the data generated
and the associated costs. Discovery of new genetic var-
iants and their linkage to disease mechanisms is pro-
ceeding at an astonishing rate, creating pressure to in-
troduce GS into clinical practice as a funded healthcare
service. Improvements in sequencing technologies will
continue to occur alongside the early stages of clinical
implementation, necessitating periodic updates to studies
of costs, clinical utility, and cost-effectiveness.

236 J Community Genet (2020) 11:235–238



Ta
bl
e
1

E
st
im

at
ed

an
nu
al
co
st
pe
r
sa
m
pl
e
fo
r
di
ff
er
en
tg

en
et
ic
te
st
in
g
pl
at
fo
rm

s
fo
r
pr
ob
an
d
an
d
fo
r
tr
io

in
ch
ild

re
n
w
ith

au
tis
m

C
os
tc
at
eg
or
y

C
hr
om

os
om

al
m
ic
ro
ar
ra
y
(9
5%

C
I)

W
ho
le
ex
om

e
se
qu
en
ci
ng

H
iS

eq
®

25
00

N
ex
tS

eq
®

55
0

Pr
ob
an
d
(9
5%

C
I)

T
ri
o
(9
5%

C
I)

P
ro
ba
nd

(9
5%

C
I)

T
ri
o
(9
5%

C
I)

L
ab
or

15
1.
30

(1
39
.3
0,
16
3.
50
)

50
6.
30

(4
65
.1
0,
54
6.
70
)

68
8.
50

(6
47
.9
0,
72
9.
50
)

49
9.
80

(4
57
.8
0,
54
4.
20
)

65
6.
40

(6
16
.7
0,
69
7.
50
)

L
ar
ge

eq
ui
pm

en
t

50
.1
0
(4
7.
10
,5
3.
10
)

38
5.
50

(3
70
.0
0,
40
0.
90
)

12
8.
50

(1
23
.3
0,
13
3.
60
)

11
5.
10

(1
09
.0
0,
12
1.
20
)

38
.4
0
(3
6.
30
,4
0.
40
)

Sm
al
le
qu
ip
m
en
t

N
/A

8.
80

(8
.5
0,
9.
10
)

2.
90

(2
.8
0,
3.
00
)

8.
80

(8
.5
0,
9.
10
)

2.
90

(2
.8
0,
3.
00
)

Su
pp
lie
s

50
1.
20

(4
70
.3
0,
53
1.
10
)

64
3.
20

(6
17
.9
0,
66
8.
20
)

19
29
.6
0
(1
85
4.
20
,2
00
4.
70
)

10
02
.7
0
(9
55
.9
0,
10
48
.4
0)

30
08
.0
0
(2
86
5.
50
,3
14
7.
30
)

Fo
llo

w
-u
p

76
.9
0
(6
9.
10
,8
4.
80
)

15
5.
40

(1
38
.9
0,
17
3.
00
)

31
.1
0
(2
6.
20
,3
6.
30
)

15
5.
30

(1
38
.7
0,
17
2.
40
)

31
.1
0
(2
6.
20
,3
6.
40
)

B
io
in
fo
rm

at
ic
s

N
/A

49
.1
0
(4
5.
80
,5
2.
30
)

14
7.
10

(1
37
.4
0,
15
7.
00
)

49
.0
0
(4
5.
90
,5
2.
30
)

14
7.
20

(1
37
.4
0,
15
6.
90
)

O
ve
rh
ea
d

44
.9
0
(4
2.
10
,4
7.
70
)

21
1.
80

(2
01
.9
0,
22
1.
50
)

21
5.
70

(2
06
.2
0,
22
5.
30
)

15
0.
00

(1
40
.5
0,
16
0.
10
)

18
8.
40

(1
79
.3
0,
19
7.
80
)

To
ta
l

82
5.
00

(7
89
.0
0,
85
9.
00
)

19
60
.0
0
(1
89
9.
00
,2
02
0.
00
)

31
43
.4
0
(3
05
2.
90
,3
23
3.
90
)

19
81
.0
0
(1
90
9.
00
,2
05
4.
00
)

40
72
.3
0
(3
92
2.
60
,4
22
2.
50
)

C
os
tc
at
eg
or
y

W
ho
le
ge
no
m
e
se
qu
en
ci
ng

H
iS
eq

X
™

Pr
ob
an
d
(9
5%

C
I)

T
ri
o
(9
5%

C
I)

L
ab
or

46
4.
70

(4
17
.2
0,
51
5.
30
)

47
3.
70

(4
30
.6
0,
52
0.
50
)

L
ar
ge

eq
ui
pm

en
t

58
3.
60

(5
49
.8
0,
61
7.
00
)

19
4.
60

(1
83
.4
0,
20
6.
10
)

Sm
al
le
qu
ip
m
en
t

8.
80

(8
.5
0,
9.
10
)

2.
90

(2
.8
0,
3.
00
)

Su
pp
lie
s

13
67
.5
0
(1
28
4.
50
,1
44
8.
90
)

40
99
.9
0
(3
84
7.
70
,4
34
8.
80
)

Fo
llo

w
-u
p

17
7.
00

(1
59
.0
0,
19
5.
40
)

96
.2
0
(8
7.
80
,1
04
.8
0)

B
io
in
fo
rm

at
ic
s

41
9.
40

(3
90
.6
0,
44
9.
10
)

12
58
.3
0
(1
17
2.
80
,1
34
6.
70
)

O
ve
rh
ea
d

32
9.
30

(3
14
.5
0,
34
4.
10
)

43
0.
30

(4
08
.5
0,
45
2.
40
)

To
ta
l

33
50
.0
0
(3
23
4.
00
,3
46
7.
00
)

65
56
.0
0
(6
27
8.
00
,6
83
2.
00
)

T
ri
o
is
de
fi
ne
d
as
ch
ild

an
d
tw
o
pa
re
nt
s.
E
st
im

at
es
ba
se
d
on

ov
er
he
ad

co
st
s
of
22
.3
%
,5
00

to
ta
lt
es
ts
fo
rp
ro
ba
nd
s,
an
d
15
00

to
ta
lt
es
ts
fo
rt
ri
os

do
ne

fo
ra
ll
in
di
ca
tio

ns
pe
ry
ea
r,
an
d
an

av
er
ag
e
of
tw
o
pr
im

ar
y

va
ri
an
ts
fo
un
d
pe
r
te
st
.C

on
fi
de
nc
e
in
te
rv
al
s
(C
I)
ar
e
ba
se
d
on

10
,0
00

M
on
te
C
ar
lo

re
pl
ic
at
io
ns

A
ll
es
tim

at
es

ar
e
gi
ve
n
in

20
18

C
an
ad
ia
n
do
lla
rs
(C
A
D
)

J Community Genet (2020) 11:235–238 237



Acknowledgments We wish to thank the following individuals for their
contributions: Christian R. Marshall, PhD, Associate Director, Genome
Diagnostics, Department of Paediatric Laboratory Medicine, Dimitri J.
Stavropoulos, PhD, Co-Director, Cytogenetics, Department of Paediatric
Laboratory Medicine, Sergio L. Pereira, PhD, Research Core Manager,
The Centre for Applied Genomics, Program in Genetics and Genome
Biology, Bhooma Thiruvahindrapuram, MSc, Facility Manger,
Scientific Lead, The Centre for Applied Genomics and Stephanie Luca,
MA, PMP, Clinical Research Project Coordinator.

Author contributions Wendy J. Ungar contributed to the study concep-
tualization and funding acquisition. The first draft of the manuscript was
written by Jathishinie Jegathisawaran and all authors reviewed and edited
versions of the manuscript. All authors read and approved the final
manuscript.

Funding information The research related to themanuscript was support-
ed by a Large-Scale Applied Research Project grant from Genome
Canada and the Ontario Genomics Institute and a grant-in-aid from the
SickKids Centre for Genetic Medicine. Wendy J. Ungar is supported by a
Canada Research Chair in Economic Evaluation and Technology
Assessment in Child Health.

Compliance with ethical standards

The authors declare that they have no conflict of interest.
This article does not contain any studies with human or animal sub-

jects performed by the any of the authors.

References

Buchanan J, Wordsworth S, Schuh A (2013) Issues surrounding the
health economic evaluation of genomic technologies.
Phamacogenomics 14:1833–1847. https://doi.org/10.2217/pgs.13.
183

CADTH (2017) Guidelines for the economic evaluation of health tech-
nologies: Canada. 4th ed. CADTH, Ottawa

JaniM, Gavan S, ChinoyH, DixonWG, Barton A, Harrison B,Moran A,
Barton A, Payne K (2016) A microcosting study of immunogenicity
and tumour necrosis factor alpha inhibitor drug level tests for ther-
apeutic drug monitoring in clinical practice. Rheumatology 55:
2131–2137. https://doi.org/10.1093/rheumatology/kew292

Jegathisawaran J, Tsiplova K, Marshall CR, Stavropoulos DJ, Pereira S,
Thiruvahindrapuram, B, Ungar WJ (2018) Amicrocosting and cost-
consequence analysis of genomic testing strategies (including trios)
in austim spectrum disorder: an update. http://lab.research.sickkids.
ca/task/reports-theses/. Accessed 14 Feb 2019

Phillips KA, Pletcher MJ, Ladabaum U (2015) Is the “$1000 genome”
really $1000? Understanding the full benefits and costs of genomic
sequencing. Technol Health Care 23:373–379. https://doi.org/10.
3233/THC-150900

Schwarze K, Buchanan J, Taylor JC, Wordsworth S (2018) Are whole-
exome and whole-genome sequencing approaches cost-effective? A
systematic review of the literature. Genet Med 20:1122–1130.
https://doi.org/10.1038/gim.2017.247

Tsiplova K, Zur RM, Ungar WJ, Marshall CR, Stavropoulos DJ, Pereira
SL, Merico D, Young EJ, Sung WWL, Scherer SW (2016) A
microcosting and cost-consequence analysis of genomic testing
strategies in autism spectrum disorder. http://lab.research.sickkids.
ca/task/reports-theses/. Accessed 18 May 2016

Tsiplova K, Zur RM, Marshall CR, Stavropoulos DJ, Pereira SL, Merico
D, Young EJ, Sung WWL, Scherer SW, Ungar WJ (2017) A
microcosting and cost–consequence analysis of clinical genomic
testing strategies in autism spectrum disorder. Genet Med 19:
1268–1275. https://doi.org/10.1038/gim.2017.47

Weymann D, Dragojlovic N, Pollard S, Regier DA (2019) Allocating
healthcare resources to genomic testing in Canada: latest evidence
and current challenges. J Community Genet:1–10. https://doi.org/
10.1007/s12687-019-00428-5

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

238 J Community Genet (2020) 11:235–238

https://doi.org/10.2217/pgs.13.183
https://doi.org/10.2217/pgs.13.183
https://doi.org/10.1093/rheumatology/kew292
http://lab.research.sickkids.ca/task/reports-theses/
http://lab.research.sickkids.ca/task/reports-theses/
https://doi.org/10.3233/THC-150900
https://doi.org/10.3233/THC-150900
https://doi.org/10.1038/gim.2017.247
http://lab.research.sickkids.ca/task/reports-theses/
http://lab.research.sickkids.ca/task/reports-theses/
https://doi.org/10.1038/gim.2017.47
https://doi.org/10.1007/s12687-019-00428-5
https://doi.org/10.1007/s12687-019-00428-5

	Determining accurate costs for genomic sequencing technologies—a necessary prerequisite
	Abstract
	Sequencing costs and health technology assessment
	Challenges in costing genomic technologies
	References


