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Appendix 1. Search syntax used in literature review

Cochrane Library

#1 MeSH descriptor: [High-Throughput Nucleotide Sequencing] explode all trees
#2 "next generation sequenc*"
#3 whole genome sequenc*
#4 WGS
#5 whole exome sequenc*
#6 WES
#7 genomic sequenc*
#8 miseq
#9 hiseq
#10 "ion torrent"
#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10
#12 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 Publication Year from 2005 to 2016

Centre for Reviews and Dissemination Database 

(whole genome sequenc* OR WGS OR whole exome sequenc* OR WES OR genomic sequenc* OR hiseq OR miseq OR ion torrent)

Date limited from 2005 to 2016 

EconLit 

(ti,ab,su(next generation sequenc*) OR ti,ab,su(whole genome sequenc*) OR ti,ab,su(WGS) OR ti,ab,su(whole exome sequenc*) OR ti,ab,su(WES) OR ti,ab,su(genomic sequenc*) OR ti,ab,su(miseq) OR ti,ab,su(hiseq) OR ti,ab,su(ion torrent))
AND 
(ti,ab,su(economic evaluation) OR ti,ab,su("health technology assessment") OR ti,ab,su(HTA) OR ti,ab,su(QALY) OR ti,ab,su("life year*") OR ti,ab,su(cost* NEAR/2 benefit*) OR ti,ab,su(cost* NEAR/2 utilit*) OR ti,ab,su(cost* NEAR/2 minimi*) OR ti,ab,su(cost* NEAR/2 analy*) OR ti,ab,su(cost* NEAR/2 outcome*) OR ti,ab,su(cost* NEAR/2 consequenc*) OR ti,ab,su(cost* NEAR/2 effect*) OR ti,ab,su(cost* NEAR/2 stud*) OR ti,ab,su(economic NEAR/2 analysis) OR ti,ab,su(resource* NEAR/2 allocation)) 

Embase (1996 to 2016 Week 30)

1 exp "next generation sequencing"/
2 whole genome sequenc*.ti,ab,mp.
3 wgs.ti,ab,mp.
4 whole exome sequenc*.ti,ab,mp. 
5 wes.ti,ab,mp.
6 genomic sequenc*.ti,ab,mp.
7 miseq.ti,ab,mp.
8 hiseq.ti,ab,mp.
9 "ion torrent".ti,ab,mp.
10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9
11 exp economic evaluation/ 
12 exp "costs and cost analysis"/ 
13 exp models, economic/ 
14 exp quality adjusted life year/ 
15 economic evaluation.ti,ab,mp. 
16 "health technology assessment".ti,ab,mp. 
17 hta.ti,ab,mp. 
18 qaly*.ti,ab,mp. 
19 "life year*".ti,ab,mp.
20 (cost* adj2 benefit*).ti,ab,mp. 
21 (cost* adj2 utilit*).ti,ab,mp. 
22 (cost* adj2 minimi*).ti,ab,mp. 
23 (cost* adj2 analys*).ti,ab,mp. 
24 (cost* adj2 outcome*).ti,ab,mp. 
25 (cost* adj2 consequence*).ti,ab,mp. 
26 (cost* adj2 effect*).ti,ab,mp. 
27 (cost* adj2 stud*).ti,ab,mp. 
28 (economic adj2 analysis*).ti,ab,mp. 
29 (resource* adj2 allocation*).ti,ab,mp. 
30 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 
31 10 and 30 
32 (editorial or letter or note).pt. or (rat or rats or mouse or mice or hamster or hamsters or animal or animals or dog or dogs or cat or cats or bovine or sheep or primate or primates).ti,ab,mp. 
33 31 not 32 
34 limit 33 to (human and (english or german) and yr="2005 -Current") 
35 limit 34 to dd=20160401-20160727

Medline In-Process & Other Non-Indexed Citations and Medline 1946 to Present

1 exp High-Throughput Nucleotide Sequencing/ 
2 whole genome sequenc*.ti,ab,mp.
3 wgs.ti,ab,mp.
4 whole exome sequenc*.ti,ab,mp. 
5 wes.ti,ab,mp. 
6 genomic sequenc*.ti,ab,mp. 
7 miseq.ti,ab,mp. 
8 hiseq.ti,ab,mp. 
9 "ion torrent".ti,ab,mp. 
10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 
11 exp technology assessment, biomedical/ 
12 exp "costs and cost analysis"/ 
13 exp models, economic/ 
14 exp quality adjusted life year/ 
15 economic evaluation.ti,ab,mp. 
16 "health technology assessment".ti,ab,mp. 
17 hta.ti,ab,mp. 
18 qaly*.ti,ab,mp. 
19 "life year*".ti,ab,mp. 
20 (cost* adj2 benefit*).ti,ab,mp.
21 (cost* adj2 utilit*).ti,ab,mp. 
22 (cost* adj2 minimi*).ti,ab,mp. 
23 (cost* adj2 analys*).ti,ab,mp. 
24 (cost* adj2 outcome*).ti,ab,mp.
25 (cost* adj2 consequence*).ti,ab,mp. 
26 (cost* adj2 effect*).ti,ab,mp. 
27 (cost* adj2 stud*).ti,ab,mp. 
28 (economic adj2 analysis*).ti,ab,mp. 
29 (resource* adj2 allocation*).ti,ab,mp. 
30 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 
31 10 and 30 
32 (editorial or letter or note).pt. or (rat or rats or mouse or mice or hamster or hamsters or animal or animals or dog or dogs or cat or cats or bovine or sheep or primate or primates).ti,ab,mp. (7534857) 
33 31 not 32 
34 limit 33 to (human and (english or german) and yr="2005 -Current")
34 limit 34 to ed=20160401-20160727


Appendix 2. Literature review proforma
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Appendix 3. Detailed description of included articles

	Type of study
	First author
	Year
	Country
	Study sub-category
	Investigation
	Comparison
	Sample size
	Disease(s)
	Ref

	Full economic evaluation
	Bennette
	2015
	USA
	CUA
	WES and WGS
	Returning incidental findings or not
	N/A
	Cardiomyopathy, colorectal cancer, healthy individuals
	[1]

	
	Buchanan-Hughes
	2015
	UK
	CUA
	Bacterial WGS
	Current testing pathway
	N/A
	Urinary tract infections
	[2]

	
	Sagoo
	2017
	UK
	CEA
	WES
	Current testing pathway
	96
	Variety of conditions
	[3]

	
	Soden
	2014
	USA
	CEA
	WES and WGS
	Current testing pathway
	119
	Paediatric neurodevelopmental disorders
	[4]

	
	Schofield
	2017
	Australia
	CEA
	WES and gene panel
	Current testing pathway
	56
	Childhood-onset muscle disorders (suspected congenital muscular dystrophy or nemaline myopathy)
	[5]

	
	Stark
	2017
	Australia
	CEA
	WES
	Three strategies of integrating WES into the current testing pathway
	40
	Paediatric suspected monogenic disorders
	[6]

	
	Tsiplova
	2016
	Canada
	CEA 1
	WES and WGS
	Chromosomal microarray
	N/A
	Paediatric autism spectrum disorder
	[7, 8]

	
	Van Nimwegen
	2017
	Netherlands
	CEA
	WES and WGS
	Current testing pathway
	N/A
	Paediatric neurological disorders
	[9]

	Partial economic evaluation
	Bonnefond
	2014
	France
	CCA
	Specific NGS protocol
	WES and Sanger sequencing
	40
	Diabetes, obesity
	[10]

	
	Ghaoui
	2015
	Australia
	CCA
	WES
	Protein based analysis and Sanger sequencing
	100
	Limb-girdle muscular dystrophy
	[11]

	
	Lee
	2015
	USA
	CCA
	WES
	Current testing pathway
	18
	Thrombophilia, venous thromboembolism
	[12]

	
	McDonell
	2014
	Canada
	CCA
	WES
	Targeted sequencing
	4
	Epilepsy
	[13]

	
	McInerney-Leo
	2014
	Australia
	CCA
	WES
	Comparison of two WES platforms
	11
	Phaeochromcytoma, paraganglioma
	[14]

	
	McInerney-Leo
	2015
	Australia
	CCA
	WES
	Sanger sequencing
	11
	Short-rib thoracic dystrophy
	[15]

	
	Monroe
	2016
	Netherlands
	CEA
	WES
	Current testing pathway
	17
	Intellectual disability
	[16]

	
	Neveling
	2013
	Netherlands
	CCA
	WES
	Sanger sequencing
	186
	Five hereditary conditions 
	[17]

	
	Pankhurst
	2015
	UK
	CEA
	Bacterial WGS
	Current testing pathway
	127
	Tuberculosis
	[18]

	
	Sawyer
	2014
	Canada
	CCA
	WES
	Prior genetic testing
	28
	Ataxia
	[19]

	
	Schieving
	2015
	Netherlands
	CCA
	WES
	Current testing pathway
	50
	Paediatric neurological disorders
	[20]

	
	Shashi
	2013
	USA
	CEA
	Traditional diagnostic testing
	Potential usage of NGS (including WES and WGS)
	500
	Variety of conditions, including developmental delay and  congenital malformation
	[21]

	
	Van Nimwegen
	2014
	Netherlands
	CCA
	WES
	Current testing pathway
	50
	Paediatric neurological disorders
	[22]

	Cost study
	Chrystoja
	2014
	Canada
	Review
	WGS
	-
	N/A
	General overview – particular conditions not specified
	[23]

	
	Dewey
	2014
	USA
	Cost study
	WGS
	- 
	12
	No manifested condition
	[24]

	
	PHG
	2011
	UK
	Review
	WES
	-
	N/A
	Colorectal cancer
	[25]

	
	Plothner
	2017
	Germany
	Cost study
	WGS
	-
	N/A
	Generic rare diseases
	[26]

	
	Sabatini
	2016
	USA
	Cost study
	WES
	Current testing pathway
	N/A
	Paediatric neurodevelopmental disorders
	[27]

	
	Towne
	2013
	USA
	Cost study
	WES
	Targeted gene analysis
	5
	Potential genetic disorders in a paediatric population
	[28]

	
	Weymann
	2017
	Canada
	Cost study
	WGS
	-
	301
	Advanced cancer
	[29]

	Outcome study
	Bettencourt
	2014
	Spain
	Case Study
	WES
	Prior genetic testing
	2
	Spastic paraplegias
	[30]

	
	Lee
	2014
	USA
	Diagnostic trial 
	WES
	-
	814
	Variety of conditions including developmental delay and ataxia
	[31]

	
	Sawyer
	2016
	Canada
	Retrospective analysis 
	WES
	Current testing pathway
	
	Rare diseases
	[32]

	
	Valencia
	2015
	USA
	Retrospective analysis
	WES
	-
	40
	Variety of conditions including mitochondrial disorders and neurological disorders
	[33]

	
	Willig
	2015
	USA
	Retrospective analysis 
	WGS
	Current testing pathway
	35
	Acute neonatal and paediatric illnesses
	[34]

	
	Worthey
	2011
	USA
	Case study
	WES
	Prior diagnostic testing
	1
	Crohn like disease
	[35]

	
	Yang
	2013
	USA
	Diagnostic trial 
	WES
	-
	250
	Multiple rare genetic disorders
	[36]

	
	Yang
	2014
	USA
	Diagnostic trial 
	WES
	-
	2000
	Variety of neurological and non-neurological conditions
	[37]


CBA = cost-benefit analysis; CCA = cost-consequence analysis; CEA = cost-effectiveness analysis; CUA = cost-utility analysis; N/A = not applicable; NGS = next generation sequencing; PHG = Public Health Genomics Foundation; Ref = Reference; UK = United Kingdom; USA = United States of America; WES = whole exome sequencing; WGS = whole genome sequencing. 1 The study undertaken by Tsiplova et al. has been published as both a longer report and also as a peer-reviewed publication. Both report the same results so this study is included once in this review, supported by two references. In addition, this study is described by the authors as a cost-consequence analysis. However, data on costs and diagnostic yield are combined to generate estimates of the incremental cost per additional diagnosis, hence this study was categorised in this review as a CEA.


Appendix 4. Cost estimates for different sequencing approaches

	Sequencing approach
	First author
	Year a
	Country
	Type of sequencing
	Cost estimate (GBP)
	Cost estimate (USD)
	Cost or commercial price
	Costing approach
	Source of cost data
	Cost components
	Ref

	Whole exome sequencing
	Bonnefond
	2013
	France
	S
	£1,171
	$1,685
	C
	NS
	NS
	Reagents only
	[10]

	
	Ghaoui
	2015
	Australia
	S
	£382
	$555
	C
	NS
	NS
	-
	[11]

	
	Lee
	2015
	USA
	S
	£1,349
	$1,961
	C
	NS
	ST
	-
	[12]

	
	McDonell
	2013
	Canada
	S
	£3,592
	$5,169
	CP
	N/A
	NS
	-
	[13]

	
	McInerey-Leo
	2014
	Australia
	S
	£421
	$606
	C
	NS
	ST
	Reagents only
	[14]

	
	McInerey-Leo
	2015
	Australia
	S
	£412 b
	$595
	C
	BU
	ST
	Consumables, laboratory processing, bioinformatics analysis
	[15]

	
	Neveling
	2013
	Netherlands
	S
	£1,808 c
	$2,602
	C
	BU
	ST
	Consumables and labour for enrichment and sequencing, bioinformatics, interpretation, Sanger validation, diagnostic reporting, overheads
	[17]

	
	PHG
	2011
	UK
	S
	£722
	$1,023
	C
	NS
	NHS
	-
	[25]

	
	Sabatini
	2015
	USA
	S
	£1,700 d
	$2,471
	C
	BU
	ST
	Reagents and consumables, equipment use, hands on staff time
	[27]

	
	Sagoo
	2017
	UK
	S
	£1,317
	$1,915
	CP
	NS
	ST
	Sample reception, sequencing, bioinformatics, confirmatory testing, clinical appointments attended before/after testing, clinical selection meeting, MDT review meeting
	[3]

	
	Sawyer
	2014
	Canada
	S
T
	£3,592
£6,466
	$5,169
$9,304
	CP
	N/A
	NS
	-
	[19]

	
	Schieving
	2015
	Netherlands
	T
	£3,346
	$4,864
	C
	NS
	NS e
	-
	[20]

	
	Schofield
	2016
	Australia
	S
T
	£1,227
£3,352
	$1,769
$4,830
	CP
	N/A
	ST
	-
	[5]

	
	Stark
	2016
	Australia
	S
	£1,489 f
	$2,146
	C
	BU
	ST
	Clinical whole exome sequencing, genetic counselling
	[6]

	
	Towne
	2013
	USA
	S
T
	£736
£2,658
	$1,060
$3,825
	U
	NS
	NS
	Not included: costs associated with additional duration of stay, other tests, administrative/visit fees and parental stress due to delays in diagnosis
	[28]

	
	Tsiplova
	2016
	Canada
	S
	£904
	$1,303
	C
	BU
	ST
	-
	[7, 8]

	
	Van Nimwegen, Monroe g
	2013
	Netherlands
	T
	£3,401
	$4,907
	C
	NS
	ST
	-
	[16, 22]

	
	Van Nimwegen
	2017
	Netherlands
	S
	£736
	$1,070
	M
	BU
	ST
	Sample reception, sequencing, bioinformatics
	[9]

	Whole genome sequencing
	Chrystoja
	2013
	Canada
	S
	£17,243
	$24,810
	M
	NS
	ST h
	Sequencing, consent, interpretative consultation, bioinformatics processing, confirmatory testing, confirming disease presence, genome data storage
	[23]

	
	Dewey
	2013
	USA
	S
	£10,497
	$15,146
	M
	NS
	ST h
	Sequencing and variant interpretation
	[24]

	
	Plothner
	2017
	Germany
	S (HiSeq 2500)
S (HiSeq X)
	£3,586
£1,312
	$5,212
$1,906
	M
	BU
	ST
	-
	[26]

	
	Tsiplova
	2016
	Canada
	S (HiSeq X)
S (Hi Seq 2500)
	£1,558
£3,016
	$2,245
$4,346
	C
	BU
	ST
	-
	[7, 8]

	
	Van Nimwegen
	2017
	Netherlands
	S
	£1,551
	$2,255
	M
	BU
	ST
	Sample reception, sequencing, bioinformatics
	[9]

	
	Weymann
	2017
	Canada
	S
	£10,820
	$15,727
	C
	BU
	ST
	-
	[29]

	Bacterial whole genome sequencing
	Pankhurst
	2015
	UK
	N/A
	£487
	$708
	C
	BU
	ST
	Staff time, consumables, equipment
	[18]

	
	Buchanan-Hughes
	2015
	UK
	N/A
	£40
	$58
	C
	NS
	NS
	-
	[2]

	Undefined
	Shashi i
	2013
	USA
	T
	£7,185
	$10,338
	C
	NS
	NS
	-
	[21]


a The cost year was stated in just one publication. For all other studies, the latest date at which the costing must have been conducted was used. In twelve cases this was the submission date, in one the date of acceptance and in four the date when the study was published. b Breakdown: reagents = £291; labour = £17; bioinformatics = £97. c Breakdown: enrichment and sequencing = £952; bioinformatics = £95; interpretation, Sanger validation and diagnostic reporting = £381; overheads = £381. d Breakdown: sequencing = £864; bioinformatics, data analysis, reporting = £579; validation, overheads = £258. e Likely sourced from van Nimwegen et al. [22]. f Breakdown: clinical whole exome sequencing = £952; genetic counselling = £550. g The study by Monroe et al. used the unit cost estimated by Van Nimwegen et al. h Estimated based on previously published scientific studies and commercial sources. i This study investigated the costs and diagnostic yield of next generation sequencing approaches more generally, including both whole exome and whole genome sequencing, generating a hypothetical cost at which these technologies would likely be cost-effective. BU = bottom-up costing approach; C = cost; CP = commercial price; M = mixed; PHG = Public Health Genomics Foundation; UK NHS = United Kingdom National Health Service; NS = not stated; Ref = Reference; S = Single sample; ST = this study; T = Trio; U = Unclear.

Appendix 5. Diagnostic yield estimates for different sequencing approaches

	Sequencing approach
	First author
	Year
	Diagnostic yield (%)
	Condition
	Notes
	Ref

	Whole exome sequencing
	Ghaoui
	2015
	45
	Limb-girdle muscular dystrophy 
	40 % for single, 60 % for trios.
Difficult to diagnose probands
	[11]

	
	Lee
	2015
	61
	Heritable thrombophilia, venous thromboembolism 
	
	[12]

	
	Lee
	2014
	26
	Variety of conditions including developmental delay and ataxia
	22 % for singles, 31 % for trios 
	[31]

	
	Monroe
	2016
	29
	Intellectual disability
	Difficult to diagnose probands.
Trios.
	[16]

	
	Neveling
	2013
	44
	Deafness
	
	[17]

	
	Neveling
	2013
	20
	Movement disorders
	
	[17]

	
	Neveling
	2013
	52
	Blindness
	
	[17]

	
	Neveling
	2013
	16
	Mitochondrial disorder
	
	[17]

	
	Neveling
	2013
	3
	Colorectal cancer
	
	[17]

	
	Sagoo
	2017
	43
	Variety of conditions
	
	[3]

	
	Sawyer
	2016
	29
	Rare genetic diseases
	Difficult to diagnose probands
	[32]

	
	Sawyer
	2016
	12
	Immunological disorders
	Difficult to diagnose probands
	[32]

	
	Sawyer
	2016
	44
	Ciliopathies
	Difficult to diagnose probands
	[32]

	
	Sawyer
	2014
	46
	Ataxia
	
	[19]

	
	Schieving
	2015
	56
	Paediatric neurological disorders
	Difficult to diagnose probands
	[20]

	
	Schofield
	2017
	79
	Childhood-onset muscle disorders (suspected congenital muscular dystrophy or nemaline myopathy)
	Singles and trios
	[5]

	
	Soden
	2014
	40
	Paediatric neurological disorders
	Difficult to diagnose probands.
Trios.
Whole exome and whole genome sequencing mixed: 45%
	[4]

	
	Stark
	2017
	63
	Infants with suspected monogenic disorders
	Singles
	[6]

	
	Tsiplova
	2017
	16
	Paediatric autism spectrum disorder
	Chromosomal microarray and whole exome sequencing
	[7, 8]

	
	Valencia
	2015
	30
	Variety of conditions including mitochondrial disorders and neurological disorders
	Difficult to diagnose probands
	[33]

	
	Van Nimwegen
	2017
	30
	Paediatric neurological disorders
	
	[9]

	
	Yang
	2013
	25
	Variety of conditions
	
	[36]

	
	Yang
	2013
	26
	Variety of conditions
	
	[36]

	
	Yang
	2014
	27
	Neurological
	Trios
	[37]

	
	Yang
	2014
	25
	Neurological and other organ system disorders
	Trios
	[37]

	
	Yang
	2014
	36
	Paediatric neurological disorders
	Trios
	[37]

	
	Yang
	2014
	20
	Non-neurological
	Trios
	[37]

	Whole genome sequencing
	Soden
	2014
	73
	Acute paediatric neurological disorders
	
	[4]

	
	Willig
	2015
	57
	Acute paediatric illness
	Trios
	[34]

	
	Tsiplova
	2017
	17
	Paediatric autism spectrum disorder
	
	[7, 8]
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