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Abstract

Purpose: Predictive diagnostics play an increasingly important role in personalized
medicine for cancer treatment. Whole genome sequencing (WGS) based treatment
selection is expected to rapidly increase worldwide. Detailed and comparative cost
analyses of diagnostic techniques are an essential element in decision-making. This
study aimed to calculate and compare the total cost of currently used diagnostic
technigues and of WGS in treatment of non-small cell lung carcinoma (NSCLC),
melanoma, colorectal cancer (CRC) and gastrointestinal stromal tumor (GIST) in the
Netherlands.

Methods: The activity-based costing (ABC) method was conducted to calculate the
total cost of included diagnostic techniques based on data provided by Dutch
pathology laboratories and the Dutch centralized cancer WGS facility. Costs were
allocated to four categories: capital costs, maintenance costs, software costs and
operational costs. Outcome measures were total cost per cancer patient per included
technique, and the total cost per cancer patient per most commonly applied
technigue (combination) for each cancer type.

Results: The total cost per cancer patient per technique varied from € 58 (Sanger
sequencing, 3 amplicons) to € 4738 (paired tumor-normal WGS). The operational
costs accounted for the vast majority over 90 % of the total per cancer patient
technigue costs. The most important operational cost drivers were consumables
followed by personnel (for sample preparation and primary data analysis).
Conclusion: This study outlined in detail all costing aspects and cost prices of
current and new diagnostic modalities used in treatment of NSCLC, melanoma, CRC
and GIST in the Netherlands. Detailed cost differences and value comparisons

between these diagnostic techniques enable future economic evaluations to support
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decision-making on implementation of WGS and other diagnostic modalities in

routine clinical practice.
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Introduction

Newly developed medicines (targeted therapies and immunotherapies) play an
increasingly important role in treatment of cancer (1-2). However, only subgroups of
patients respond to these (mostly expensive) treatments (3—6). Patients who do not
respond can experience serious side effects. Matching each patient to the
appropriate therapy is complex and as a consequence, not all patients receive the
treatment they could have benefitted from (3-5). This calls for a better patient
selection, improvement of personalized treatment and thereby expectantly improving
the patients’ life expectancy, experienced quality of life and reducing health care
costs. Optimal predictive diagnostics in molecular pathology are necessary to

determine which therapy is most appropriate for a patient (7—10).

In predictive diagnostics of somatic molecular analyses in pathology, various
techniques can be used to depict genetic characteristics of a tumor. Single-gene
analysis or sequencing of targeted gene panels (TGP) using next generation
sequencing (NGS) techniques, or a combination of the two, are routine practice in the
diagnostics trajectory for different cancer types (11). In current clinical practice, there
is large variation in both the frequency and type of technique used for the selection of
cancer treatment (12). In comparison, the advanced diagnostic technique of whole

genome sequencing (WGS) is currently only applied in research context in oncology.

The main advantage of WGS, in contrast to TGP, is that it is able to detect all types
of DNA alterations (i.e. mutations, copy number alterations, structural variants, tumor
mutational burden and DNA repair status) of the tumor (13-14). It increases the

chance of optimal treatment selection, and determines eligibility of patients for clinical


https://doi.org/10.1101/19009969
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/19009969; this version posted October 22, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It Is made available under a CC-BY-NC-ND 4.0 International license .

trials as many study inclusion markers are not included in standard diagnostic gene
panels. From a technical point of view, WGS could therefore replace a multitude of
currently used diagnostic techniques, but it comes at a higher cost. Recent costing
studies have indicated that costs range from € 265 to € 309 for single-gene
techniques (12), from € 376 to € 968 for small TGPs (5-50 gene panels (15-16), ~
50 gene panels (12)), and from € 333 to € 1948 for larger TGPs (> 50 gene panels
(15), 90 gene panels (17)) in 2014-2015. The cost of WGS per cancer patient (paired
tumor-normal) was estimated at € 6676 (17) and at € 5645 (18) in 2015-2016, at $
4484 (about € 3870) in 2017 (19), and at £ 6841 (about € 7501) in 2019 (20) (€ 1669,

€ 1411, $ 1121, £ 3420 per genome equivalent, respectively).

These studies performed micro-costing analyses. Some studies specifically made
use of the activity-based costing (ABC) method, a process-based cost allocation
technique (21). Nevertheless, results are difficult to compare, as included cost
components differed among all studies as well as the interpretation of process steps,
and, as such, the incorporated related costs. Cost drivers are anticipated to be

platform utilization (12, 18) and consumables (14, 15-18).

The implementation and use of WGS is expected to rapidly increase worldwide in the
coming years (13-14). A variety of reasons underlie this prospect. Namely, the
increasing availability of targeted drugs (1-2), and the increased registration of pan-
cancer drugs (22), leading to an increase in needed tests and accumulation of
sequential tests. Therefore, it is essential to determine both costs and effects of
WGS-based treatment selection versus current practice in an economic evaluation.

Such evaluations encompass complete overviews of all costs and effects involved in
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a specific disease area, from diagnostics to treatment and hospitalization. Detailed
and comparative cost estimations of diagnostic techniques are required. These are
important in assessing the added value (in monetary terms) of new diagnostic
modalities, and in providing insight when to replace standard diagnostic techniques

with these new modalities.

To the best of our knowledge, no previous research investigated the costs of
currently used diagnostic techniques and WGS in the context of predictive testing in
cancer treatment selection using a consistent and uniform costing method.
Therefore, we performed a micro-costing study using similar process-based cost
calculations of the different diagnostic techniques application across Dutch pathology
laboratories (hereinafter referred to as labs) and WGS used in a central lab. We
aimed to calculate and compare the total cost of currently used diagnostic techniques
and of WGS in treatment of NSCLC, melanoma, colorectal cancer (CRC) and

gastrointestinal stromal tumor (GIST) in the Netherlands.

Methods

Data availability

The data used for the study were obtained from 24 Dutch labs and the cancer WGS
facility of Hartwig Medical Foundation (HMF) in the year 2018. The predictive
diagnostic techniques included from the participating labs were techniques that are
currently used for treatment selection of advanced NSCLC, melanoma, CRC or
GIST. This led to the inclusion of following techniques: immunohistochemistry (IHC),
Fluorescence In Situ Hybridization (FISH), pyrosequencing (Pyro seq), High

Resolution Melting (HRM), Sanger sequencing (Sanger), NGS gene panels, Cobas
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and Biocartis. In this study, the costs of certain techniques were subdivided regarding
their target genes (Sanger and Biocartis), cancer hotspot panels (NGS) or protein

expression (IHC).

Included techniques were selected based on an inventory at participating labs. These
labs received a questionnaire to obtain information about most frequently used
techniques in treatment of the different cancer types. In addition, the frequency of
technique usage was extracted from the nationwide network and registry of histo-and
cytopathology in the Netherlands (PALGA) (23), which contains the digital pathology
reports of all 46 Dutch pathology laboratories since 1971. The inventory was
performed between 01-10-2017 and 30-09-2018 and was substantiated with
feedback moments to the labs in order to ensure additional validity. Data on

technique frequency usage are available in Supplementary Table 1.

Information about WGS was obtained from the HMF facility, a centralized
independent organization focused on clinical-grade WGS of cancer patients. WGS-
based analyses were performed as part of clinical trial studies involving treatment of

all types of cancer patients, so regardless of cancer type.

Micro-costing design
The cost calculations for the different diagnostic techniques used in the Netherlands
were performed using the ABC method (21). For this purpose, a measurement plan

was created including the essential cost components.


https://doi.org/10.1101/19009969
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/19009969; this version posted October 22, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It Is made available under a CC-BY-NC-ND 4.0 International license .

The most frequently used techniques in treatment of NSCLC, melanoma, CRC and
GIST were defined by the participating 24 Dutch labs. Per technique, three labs, if
possible, using the specific technique were consulted to determine the costs by filling
out the measurement plan. In an organized meeting, consensus was reached
between the labs concerning these measurement plans. Consensus was not based
on averaging of cost prices of different labs, but rather based on an ‘average’ lab with
realistic samples numbers, accepted protocols and equipment. The measurement
plans were sent back and forth several times for feedback after this meeting.
Additionally, supplier standard list prices were requested and received for
consumables, and for acquisition and maintenance of the platforms. Together, this
led to a cost overview with final cost prices related to the test, data analysis and

reporting process per technique, per cancer type.

With regard to WGS, a measurement plan was completed by the HMF facility, which
corresponded to the one filled out by the labs. The test, data analysis and reporting
process was expressed in a final cost price. The final cost price estimation was
based on utilization in a decentralized setting, or an average Dutch lab practice, and
standard list prices of the supplier for acquisition and maintenance of the platforms

and for consumables.

In sum, a so called standard case perspective was maintained in calculating the base
case cost prices for all techniques for the purpose of realistic cost comparison. This
means that an average lab practice was assumed, and suppliers’ standard list prices

were used, concerning all techniques. The assumptions underlying the cost
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calculations are shown in Table 1, which are all based on the standard case

perspective.

Allocation of costs

Costs directly related to the test, data analysis and reporting process were taken into
account. Costs that are associated with obtaining the material (blood and tumor
biopsy withdrawal), DNA extraction in both tumor and blood, and overhead costs
were excluded. Included costs were allocated to four categories: capital costs,

maintenance costs, software costs and operational costs.

Capital costs were fixed costs of the platforms. The life cycle, interest rate and
annuity factor of the various platforms were used in calculating the annual capital
costs per cancer patient. Maintenance costs were annual returning fixed costs for
platform maintenance. No maintenance costs were taken into account for the first
year as the platforms have a warranty for the first year. The annual maintenance
costs were estimated per cancer patient for the other years. Software costs involved
either software acquisition (license) costs or costs incurred for daily supervision and
maintenance of the pipeline, and were calculated per cancer patient. Operational
costs consisted of costs incurred for the process of analysis, such as consumables,
personnel for sample preparation, primary data analysis, interpretation and report,
and data processing and storage. These operational costs were also estimated per
cancer patient. Finally, total cost per cancer patient was calculated by summing up all

the calculated total costs per cost category.

10
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Analyses

Base case analysis

The base case analysis was performed from the earlier defined standard case
perspective based on the assumptions described in Table 1. The primary outcome

measure of interest was the total cost per cancer patient per included technique.

The second outcome measure included the total cost per cancer patient per most
frequently applied technique (combination). Only those techniques used for targeted
therapy stratification based on genomic aberrations were considered (so excluding
IHC testing (programmed death ligand 1 (PD-L1) protein expression as is included in
Table 1 and 2). The total cost per technique was calculated for each cancer type
separately with a maximum of three different technique combinations ordered by
technique frequency usage. WGS was included as a sole potential future practice for

all cancer types for which combinations with other techniques were redundant.

For standard techniques to be included, the following condition had to be met: the
technigue should be performed in = 2 labs (inventory labs) and included = 5 % of the
analyses in total for the respective cancer types (PALGA data; Supplementary Table
1). This led to the inclusion of NGS gene panels, Sanger, HRM, IHC and FISH.
These techniques covered at least 80 % of the performed analyses per cancer type
(Supplementary Table 1). In addition, WGS was included based on application at the

HMF facility only.

Sensitivity analysis

11
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In order to obtain a representation of the variation in technique usage and associated
process costs, across all 24 labs, the distribution of costs were mapped around the
average. Moreover, as the HMF facility is currently one of few WGS testing suppliers
in the Netherlands, their actual practice was taken into account as a sensitivity
analysis. Finally, two anticipated cost drivers were selected for this sensitivity
analysis: utilization of the platforms and the cost of consumables, based on previous
research (12, 14, 15-18). The extent of variation of these parameters were based on

lab- and HMF-specific practices in the year 2018.

For the sensitivity analyses, only techniques included in the base case analysis
concerning the second outcome measure were taken into account. A margin of + 15
% and — 15 % around the calculated average platform utilization for the standard
techniques applied by different included labs was deemed to be a realistic variation.
Therefore, utilization of the platforms varied from 17 to 47 % for NGS gene panels
(average 32 %), 39 to 69 % for Sanger (average 54 %), 13 to 43 % for HRM
(average 28 %), 15 to 45 % for IHC (average 30 %) and 9 to 39 % for FISH (average
24 %). For WGS, the average platform utilization was varied to the actual practice
use by + 30 %: from 60 % to 90 %. The cost of consumables was reduced in the
sensitivity analysis by 30 % for all the techniques, which was based on the

reasonable expectation of discounts from the suppliers.

Results

The assumptions underlying the cost calculations for the application of the included

diagnostic techniques are depicted in Table 1. The Table shows all values of the

12
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various factors based on the standard case perspective as outlined for both standard

diagnostics and WGS below.

Standard diagnostics

For each of the included standard diagnostic techniques one tumor sample is
needed, corresponding to the test of one cancer patient. The number of samples that
can be analyzed per run and the sequencing depth were based on the concerning
supplier specifications. Furthermore, suppliers’ standard list prices were used as cost
of acquisition and maintenance of the platforms, and as cost of consumables.
Utilization of the sequencing platform, personnel time needed for sample preparation,
primary data analysis, data interpretation and report, are all based on the standard
practice of an average lab using the technique. Gross hourly salaries of the
laboratory technician, bioinformatics technician, clinical molecular biologist, and
pathologist were based on Dutch hospital collective employment agreement 2018

costs.

WGS

The calculations for WGS are based on the sequencing platform NovaSeq 6000 from
lllumina, which is used in the HMF facility. Furthermore, a liquid handler is included
for sample preparation. Per cancer patient two samples are needed for the sequence
analysis: one tumor and one reference (blood) sample, which allows the necessary
tumor to normal comparison. The sequencing unit for WGS is a sequencing depth of
30x coverage. In applying WGS, two sample preparations and four sequencing units
are needed. The four sequencing units include three times 30x coverage of the tumor

(to compensate for tumor purity heterogeneity) and one time 30x coverage of the

13
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reference sample. Acquisition and maintenance costs of the platforms are based on
utilization of the technique in an average Dutch lab practice. The costs of
consumables are based on lllumina’s standard list prices, not taking into account
discounts. In line with the standard case perspective, the number of samples per run
and runs per year are 24 and 208, respectively, with a 60 % utilization of the
sequencing platform. Furthermore, personnel time needed for sample preparation,
primary data analysis, data interpretation and report, are all based on standard
practice of an average lab. Data processing and data storage are outsourced and
concerns processing and storage of BAM files, VCF files and patient reports. Gross
hourly salaries of the laboratory technician, clinical molecular biologist, and

bioinformatics technician were based on the HMF facility employers’ 2018 costs.

Concerning all techniques, costs of acquisition and maintenance of the platforms,
any software acquisition (license), and used consumables exclude Value Added
Taxes (VAT) (Dutch standard rate is 21 %). Utilization percentages are defined
based on 100 % utilization, indicating that the platforms run samples 8 hours a day

and 5 days per week (average working week). All costs are reported in 2018 euros.

Table 1. Base case assumptions for cost calculations of diagnostic

applications based on the standard case perspective.l

Base case analysis: Primary outcome
Main cost components and outcomes are displayed in Table 2. A detailed cost
overview including all measured cost items is available and enclosed as

Supplementary Table 2. The total cost per cancer patient per technique varied from €

14
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58 (Sanger, 3 amplicons) to € 4738 (paired tumor-normal WGS). For most
techniques, total per cancer patient costs (including any target gene, hotspot panel or
protein expression subdivisions) were over 90 % attributable to operational costs.
Within this cost category, the most important cost drivers were consumables (for
most > 50 % of operational cost) followed by personnel for sample preparation and

primary data analysis.

Table 2. Process-based cost calculations of diaghostic applications based on

the standard case perspective.’]

Base case analysis: Secondary outcome

Table 3 depicts a cost overview of most frequently occurring technique
(combinations), including only those techniques used for targeted therapy
stratification based on genomic aberrations, focusing on NSCLC, melanoma, CRC
and GIST. The WGS technique would be a potential future (combinational) indication
of practice use with a year 2018 total cost per cancer patient of € 4738. For WGS no
additional IHC or FISH for detection of fusion genes (e.g. EML4-ALK) is necessary as
is required for NGS gene panels. However, for immunotherapy, sequencing
techniques like NGS and WGS would have to be applied in combination with IHC
protein expression (PD-L1) testing of the tumor, which is not included in Table 3. For
the specific cancer types, the total cost per cancer patient varied between € 58
(Sanger) and € 284 (NGS) for melanoma, € 63 (Sanger) and € 284 (NGS) for CRC, €
69 (Sanger) and € 284 (NGS) for GIST, and technique combinations for NSCLC

ranged from € 313 (Sanger and FISH) to € 526 (NGS and FISH).

15
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Table 3. Costs of frequently applied combinations of techniques per cancer

type.r

Sensitivity analysis

The sensitivity analyses demonstrate the impact on the total cost per cancer patient
of varying platform utilization (+ / — 15 % standard techniques; + 30 % WGS) and
reducing consumable cost by 30 %. In Table 4 the base case total cost, and the
range resulting from varying platform utilization and reducing consumable cost, are
shown per frequently occurring technique as included in Table 3. In any case, the
ranges show overall cost reductions: to illustrate, from € 284 (average 32 % platform
utilization) to € 250 (17 % platform utilization; — 30 % consumable cost) and € 216
(47 % platform utilization; — 30 % consumable cost) for NGS gene panels; from € 204
(average 30 % platform utilization) to € 166 (15 % platform utilization; — 30 %
consumable cost) and € 161 (45 % platform utilization; — 30 % consumable cost) for
IHC (ALK, ROS1); from € 4738 (average 60 % platform utilization) to € 3403 (90 %
platform utilization; — 30 % consumable cost) for WGS. However, varying platform
utilization has little impact compared to reducing consumable cost, which seems to

have a large impact.

Table 4. Sensitivity analysis.

Discussion
This micro-costing study provides detailed and comparable up to date costs of
currently used diagnostic techniques and WGS in the context of predictive analysis

for four cancer types. The total cost per cancer patient per technique varied

16
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considerably. For the vast majority of techniques, the operational costs (process of
analysis costs such as consumables and personnel) accounted for over 90 % of the
total per cancer patient technique costs (including any target gene, hotspot panel or

protein expression subdivisions).

Strengths of the study are that the interpretation of each included cost item per cost
category in the measurement plan was aligned extensively for all included techniques
with those parties involved. Furthermore, a consistent and uniform method was used
in performing process-based cost calculations of the application of the different
techniques. Finally, these cost outcomes can be used for (comparative) value

assessments on current and new diagnostic techniques.

In sensitivity analyses, the input parameters were changed (utilization platform
percentage and cost of consumables). A large decrease in costs can be achieved
when costs for consumables might be lower in the future. Even when platform
utilization was reduced, the final total cost was lower for all techniques compared to
the calculated standard case perspective cost. This shows that the cost component

consumables is a more important cost driver than platform utilization.

Comparing our cost outcomes with those initially presented in the literature indicate
that our costs for standard techniques are relatively lower. Roughly estimated, the
extent of reduction was 18 % for single-gene techniques (€ 265 — € 309 (12) versus
on average € 65 — € 405 (Sanger, HRM, IHC, FISH, Biocartis, Cobas, Pyro seq
calculations)) and 58 % for small TGPs of 5 to (~) 50 gene panels (€ 376 — € 968 (12,

15-16) versus on average € 284 (NGS gene panels calculations)). An explanation for
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the differences in costs is most probably the different costing methods used and
reference year. Our calculated price for WGS (€ 4738) is higher compared to the
price by Wetterstrand ($ 4484 (about € 3870)) (19). Unfortunately, due to a lack of
insight in pricing characteristics of previous calculations, we are not able to indicate
reasons for this difference. Total cost for all DNA sequencing techniques including
WGS is likely to decrease as a result of continuously ongoing innovations and due to
market forces, leading to a reduced price of consumables over time, which is the

main cost driver (17-18).

It should be stressed that total costs presented per technique are directly related to
the test, data analysis and reporting process, so the final cost price indicated in this
analysis is not the cost of what a technique costs in its entirety (exclusion of cost
obtaining biopsy material, DNA extraction, VAT and overhead). Other excluded costs
are, for example, time spend on training, validation, quality assurance and innovation
costs (16). Noteworthy, novel genetic biomarkers are continuously emerging.
However, these costs of development and implementation of new techniques, or
adaptation and validation of existing techniques, are also excluded. Understandably,
total cost of techniques is higher when focusing on the entire trajectory. Nonetheless,
these outcomes are a snapshot in time, that is, all necessities (platforms,
consumables) are strongly in development, especially for DNA sequencing
technigues, and are likely to decrease in cost price (17-19). If so, this can easily be

changed in our cost tables to calculate new cost prices.

Other factors that should be taken into account when comparing current standard

diagnostic technigues and WGS are turnaround time, sensitivity, specificity,
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diagnostic yield and quality of the sequencing results. Among other things, the
frequency of testing (e.g. number of sequencing runs per week or multiple,
sequential, testing), the turnaround time of a sequencing run, time for data analysis
and interpretation of results effects the total turnaround time of a sample. The
success rate of the sequencing analysis depends on the quantity and quality (biopsy
size, tumor volume) of the tumor material, and the amount and quality of DNA
extracted (24-25). Subsequently, it determines the number of biopsies to be
collected (new material needed when it turns out not to be of sufficient quantity or
guality). Rationally, the latter in turn has an impact on waiting time till the start of

treatment.

Some limitations of the study need to be addressed. First, this study made an
attempt to define realistic assumptions that define the likely cost of application of
these techniques in an average lab practice in the Netherlands. Second, for the
Dutch labs, the base case assumptions came forth based on a maximum of three
labs per included technique, so not all 24 individual labs that helped in defining the
most frequently used techniques. As for the HMF facility, the base case assumptions
on WGS testing, assuming an average Dutch lab practice, were verified with in-
house experts. Lastly, no data could be obtained for MassArray, which was initially
identified as a frequently used technique in treatment of NSCLC and CRC (by one

lab), and was therefore not included.

Conclusion
This study provided a detailed overview of all costing aspects and cost prices of

current and new diagnostic techniques in treatment of NSCLC, melanoma, CRC and
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GIST in the Netherlands. Costs varied between € 58 (Sanger, 3 amplicons) to € 4738
(paired tumor-normal WGS). Costs for commonly used techniques per cancer type
varied between € 58 (Sanger) and € 284 (NGS) for melanoma, € 63 (Sanger) and €
284 (NGS) for CRC, € 69 (Sanger) and € 284 (NGS) for GIST, and technique
combinations for NSCLC ranged from € 313 (Sanger and FISH) to € 526 (NGS and
FISH). The cost of WGS is significantly higher compared to the cost of standard
techniques, but it is expected to decrease over time. In terms of value, diagnostic
yield is potentially larger with WGS. Though, the study exclusively compared the

different techniques based on cost price and not based on their potential value.

Differences in value were not collected in this study, therefore this study can and
should be used as starting point in comparing diagnostic modalities. Important to
note is that additional factors with regard to value ought to be included to fully assess
added benefits (both on monetary as well clinical aspects) of new diagnostic
techniques. Future economic evaluations of diagnostic modalities should take into
account this difference in value together with the detail costing to give a more
comprehensive meaning to the comparison of diagnostic techniques used in cancer
treatment. These evaluations support decision-making on implementation of WGS

and other diagnostic modalities in routine clinical practice.
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Table 1. Base case assumptions for cost calculations of diagnostic applications based on the standard case perspective £l
Techniques
[Additional equipmentd Light IFfimgm Hybridizer [ e e lon Chef +PCR_|lon Ch:rGfEPCR PCRapparatus 7 """"" Idyl\a console | Idylla consB;ec \Z\ijla console|Idylla console B\omemk/fzfm
E:i?waddmmaleqmpmem i \7/10210 \7/mtu :Agg |666'r tPGM, \mil LPGM, ;3:1 I @ hIE:T\ \6:: \Gduu \G:AH zrd%s 6000,
Roche Roche E;r:swpe, Qiagen s, |, Them,DHShér Them’gﬁshér ThermoFisher | ThermoFisher Biocartis Biocartis Biocartis Biocartis Ilumina
Platformtype [Acor RosL|PD-1 ALK, ROSIor |EGFRKRAS  |EGFRKRASHB |BRAF*NRAS (3 [ABI3500 (10  |ABI3500 (3 [ABI3500 (6 [ABI3500 (9 PGM: 316 chip, | PGM: 318 chip, |MiSeq: 2x150 bp | BRAF BRAF EGFR KRAS BRAFANRAS 17
RET hotspots (6 RAF hotspots |amplicons) [amplicons: EGFR,|amplicons: BRAF,|amplicons: KRAS,|amplicons: KIT, |cancerhotspot |cancerhotspot |microv2 kit,
amplicons) (78 KRAS,BRAF, | NRAS) NRAS, BRAF)  |PDGFRA BRAF) |panel v2 panel v2 cancer hotspot
amplicons) ERBB2, MET) panel v2 %
e s | e ———— e —
T — L. s 0 O CcEEmCES 0 . | 0 CESSSCEESSTE— é;f;f” if}“’ 2’520 2;520 e
;i:alfozr;::::h;z:ih:;:,s - 7,020 7,020 1,498 666 1,747 1,747 18,870 18,870 18,870 18,870 (efle ////////////////////////////////////////////////////////////% !
Data storage (GB per sample)a 1 ___ |
prasigseime el 15 15 48 108 75 75 233 233 233 233 :45 ////////////%///////////////////////////////////////////////////
o s (it persemptes
rz; z.;;e\p :: :; x;e;gemu onand report |10 10 18 20 16 16 16 16 16 16 18

Software? V7777777777777 iseqratienissl)_|seqpatient isl)_|seqpatient (is1)_|secPatient(ssl) |seanext(st) |seanextishy |seanectts) 174747/ %77 % Ainhouse

The standard case perspective implies that an average Dutch lab practice was assumed and suppliers’ standard list prices were used, in respect of all techniques.

Additional equipment refers to sample preparation platforms for NGS gene panels and WGS, whereby the unit of sample preparation is sample.

The average coverage (sequencing depth) is based on the standard techniques' specifications of the relevant suppliers. The 120x coverage for WGS corresponds to 2 samples (also 1 cancer patient) and consists of
90x tumor coverage (3 times for heterogeneity) and 30x blood coverage (1 time as a reference genome).

The unit of 1 flow cell is 30x coverage. In 1 run 2 flow cells of each 30x coverage fit. So, in 2 runs 4 flow cells fit, which corresponds to the 120x coverage for WGS.

Data processing and data storage are outsourced for WGS.

Data storage time concerns 6 months of hot storage of a BAM file, VCF file and patient report for WGS.

The sample preparation and primary data analysis is done by a laboratory and bioinformatics technician for the standard techniques, and by a laboratory technician only for WGS. Sample and report administration
is incorporated for all techniques.

The data interpretation and report is done by a clinical molecular geneticist and pathologist for the standard techniques, and by a clinical molecular geneticist and a bioinformatics technician for WGS.

In-house refers to in-house pipeline experience, for example, Burrows-Wheeler Aligner (BWA), Genome Analysis Toolkit (GATK), Strelka, BLCtoFASTQ, sebamba, PURPLE for WGS.

Including immunohistochemistry (IHC), Fluorescence In Situ Hybridization (FISH), pyrosequencing (Pyro seq), High Resolution Melting (HRM), Sanger sequencing (Sanger), next generation sequencing (NGS) and
whole genome sequencing (WGS).
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Table 2. Process-based cost lons of diagnostic appli based on the standard case B
Techniques
1HeE FisHR NGST Biocartis wasE
‘Additional equipment Light Light Hybridizer %/%/% % %/W/% Nlon Chef + PCR |lon Chef + PCR_|PCR vl Idylla laylla ldylla Biomek 4000
microscope, | microscape,  |(DAKQ, Agilent) apparatus  |apparatus  |apparatus console  |console  |console  |console
Leica Leica % % % % % % %
Platform [Ventana, Roche|Ventana, Roche|Fluorescence |Pyromark  [LC480, Roche |LC480, Rache [Applied Applied Applied Applied lonTarrent  [lonTorrent [ MiSeq, Cobas, Roche [ dylla, Idylla, Idylla, dylla, Novaseq 6000,
microscape, 024, Qiagen i . Isi . Isi . Isi . pom, PGM, Hlumina Biocartis  |Biocartis  |Biacartis  |Biocartis  [lllumina
Leica ThemoFi ThemoFi ThemoFisher |ThemoFisher |ThermoFisher |ThermoFisher
Platform type [AlCorROST  |PD-L1 ALK, ROSI or |EGFRKRAS | EGFR+KRAS#B |BRAFFNRAS (3|ABI3500 (10 |ABI3500 (3  [ABI3500 (6  |ABI3500 (3 |PGM:316 chip, |PGM: 318 chip, | MiSeq: 2x150 |BRAF BRAF EGFR KRAS BRAF+NRAS
RET hatspots (6 [RAF hotspots |amplicons) |amplicons:  |amplicons: |amplicons: |amplicons: |cancerhotspot |cancerhatspot [bp microv2
amplicans) |8 EGFR, KRAS, |BRAF, NRAS) |KRAS, NRAS, |KIT, PDGFRA, |panel v2 panel v2 Kit, cancer
amplicons) BRAF, ERBE2, BRAF) BRAF) hotspot
MET) panel v2
Utilization 30% 30% 24% 8% 56% 28% 54% 54% 54% 54% 32% 32% 32% 0.3% 60% 60% 60% 60% 60%
actual annual throughput 7,020 7,020 1,498 566 1747 1,747 18,870 18,870 18870 18,870 666 1,331 1331 117 6524 624 6524 524 2,995
Capital casts
Additional equipment initial costsid 5000000 [es000000 Je6679.00  Jeo.00 €0.00 €000 €0.00 €0.00 €0.00 €0.00 €9,00000  |€9,00000  [€3,00000 [e0.00 €500000 |€5,00000 |€500000 |e5,00000 [€80,000.00
Platform initial costs® 1500000 [€15,00000 [€70,00000 |€70544.00 |€65,00000 [€65,00000 |€136500.00 |€136,500.00 |€136,500.00 |€136,500.00 |€61,897.00 |€61,897.00 |€9581100 |€64,060.37 |€45,000.00 |€ 4500000 |€ 45,000.00 |€45,00000 |€761,00000
[annual capital costs additional equipmenttl €6,31894  €6,31890  |e1521.42  |€0.00 €000 €0.00 €0.00 €0.00 €0.00 €0.00 €205012  [€2,05012  |€205012 [€0.00 €63189  |€63189  |€63189  |€63189  |€1797017
Annual capital costs platformz €1,89568  |€1,89568 |es84652  |e16,160.45 |e821462 |es21462 |€23,164.25 |€23,164.25 |€23,164.25 |€23,164.25 |€14,09962 |€14,099.62 |€21,82494 |€8,09587 |€10,250.62 |€10,25062 |€10250.62 |€10,25062 |€170,94123
Capital costs per sample or per tumor normafd 117 €117 €6.92 2428 €470 €470 €123 €123 €123 €123 €24.26 €123 €17.93 € 2966 €17.44 €17.44 €1744 €17.44 €242.69
[Maintenance casts
Annual mai e costs additional €5,00000 [e500000 [e200.00 €0.00 €0.00 €000 €0.00 €0.00 €0.00 €0.00 €900.00 € 900.00 €90000  [€0.00 €50000  [€500.00  |€500.00  |€50000  [€3,000.00
(other years|)
€ 500.00 €500.00 €1,00000  |€650000 [€314300 |€3,14800 |€365500 |€365500 |€365500 |€365500 |€6,10000  |€610000  [€11,86700 |€520000 |€4,00000 [€400000 |€4,00000 |€400000 |€64,000.00
Annual maintenance costs platfarm (ther years)d
Annual maintenance costs €4,95000  |€4,95000  |€1,06000 [e520000 |e283320 [e2833.20 |e313286 |e313286 |e3,13286 |e3,13286 |€560000  |€560000  [€1021360 |€4,680.00 |€3,65000 [€3,650.00 |€3,65000 |e365000 |€53,600.00
Maintenance costs per sample or per tumor normale € 0.71 €071 €071 €781 €162 €162 €017 €017 €017 €017 €841 €421 €767 €1714 €585 €535 €585 €585 €37387
Software costs
Ageuisition software costs €200000 |€200000 |€200000 |€2,00000 |€20,00000 |€20000.00 [€20,00000
€ 400.00
Annusl software management / maintenance costsfl
Annusl saftware costs €2,00000 |€2,00000 |€2,00000 |€2,00000 |€3,50000  [€3500.00  |€3500.00 € 400.00
software costs per sample or per tumor normaf2®_[€ 0,00 €0.00 €0.00 € 0.00 €0.00 €000 €011 leoas leoas leoas leszs le263 le263 €0.00 €0.00 €0.00 €0.00 €0.00 €016
Operational costs
Sample preparation and quality control €69.10 €6096 €79.60 €31905  [€46.13 €23.07 €19.30 €106.48 €106.48 €14057  |€251.74 €190.00 €100.00
per samplel
Consumables per sampled €357 Uk /W iz €819 €33.75 €7.78 )
Data processing (per CPU hour /1T infra per tumor € 0.10 €010 €0.10 €0.10 €0.10 €010 €0.10 €0.10 €0.10 €0.10 €001 €001 €001 €010 €0.10 €0.10 €0.10 €0.10 €200.00
normal)i
Data storage (per GB storage per year]E] €001 €001 €001 €001 €001 €001 €0.01 €0.01 €0.01 €0.01 €005 €005 €005 €001 €001 €001 €001 €001 €24.00
Personnel sample preparation and primary data € 20.59 €2059 €3271 €37.14 €28.58 €2858 €37.38 €37.38 €37.38 €37.38 €5082 €42.08 €42.08 €33.02 €28.05 €28.05 €28.05 €28.05 €50.00
analysis per sampled
Personnel data interpretation and report per 1021 €1021 €14.43 € 1698 €12.90 €12.90 €12.90 €12.90 €12.90 €12.90 €1426 €1426 €14.26 €12.90 €16.29 €16.29 €16.29 €16.29 €33.33
samplel
Operational costs per sample or per tumor normal_||€ 100.01 €9187 €126.85 €37328  leo19 € 683 6969 €56.18 €61.97 €67.76 €29191 €244.07 €23072  |€30554  |e1saas  le29a4s  |e23aas  lersass  le4407.33
Total costs per cancer patient® e 10188 €9374 € 13448 40537 |esz62 €7456 €7119 €57.68 €63.47 €69.26 €329.85 € 263.04 25806 |e3s234  |e207.74  |€317.74  |€257.74  |e31774  |e4,738.05

The standard case perspective implies that an average Dutch lab practice was assumed and suppliers’ standard list prices were used, in respect of all techniques.

The cost of the platforms, software and consumables all exclude Value Added Taxes (VAT).

For the standard diagnostic techniques, life cycles varying between 5 to 10 years, annuity factors ranging between 4.39 to 7.91, and an interest rate of 4.5 % are maintained for both types of equipment {(if
applicable). The annual capital costs of the additional equipment (sample preparation platform) and the sequencing platform for WGS are calculated by taking into account a life cycle of 5 years, an annuity factor of
4.45 and an interest rate of 4 %.

The capital, maintenance and operational costs per sample calculations are based on 2 times sample preparation and 4 times genome sequencing (90x coverage tumor and 30x coverage blood) for WGS. For WGS
application, two samples are needed {tumor biopsy and blood) to do the analysis whereas for the standard used techniques 1 sample {tumor) suffices.

During the first year no maintenance costs occur as the platforms have a warranty for the first year.

3 Software management / maintenance incorporates daily supervision and maintenance of the pipeline for WGS. It takes up 0.2 FTE (of a 40-hour working week) for a bioinformatics technician with a gross hourly
salary of € 50.
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Data processing and data storage are outsourced for WGS. The cost of data processing covers the complete analysis of raw data to BAM file, VCF file and patient report. The cost of data storage is estimated based
on hot storage of the BAM file, VCF file and patient report for 6 months (€ 4 per month per 200 GB).

The sample preparation and primary data analysis is done by a laboratory technician (gross hourly salary of € 22) and bioinformatics technician {(gross hourly salary of € 29) for the standard techniques. For WGS this
is performed by a laboratory technician (gross hourly salary of €25). Sample and report administration is incorporated for all techniques.

The data interpretation and report per sample is done by a clinical molecular biologist (gross hourly salary of € 41) and pathologist (gross hourly salary of € 61) for the standard techniques. For WGS this is
performed by a clinical molecular biologist and a bioinformatics technician, both with a gross hourly salary of €50.

The total cost per cancer patient represents a total cost per target gene separately for IHC (ALK or ROS1) and FISH (ALK, ROS1 or RET). A combined total cost per cancer patient of the specified target genes per
technique is given for Pyro seq, HRM (EGFR + KRAS + BRAF; BRAF + NRAS) and Biocartis (BRAF + NRAS), and for Sanger (10, 3, 6, 9 amplicons) and NGS hotspot panels.

Including immunohistochemistry {IHC), Fluorescence In Situ Hybridization (FISH), pyrosequencing (Pyro seq), High Resolution Melting (HRM), Sanger sequencing (Sanger), next generation sequencing (NGS) and
whole genome sequencing (WGS).
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Table 3. Costs of frequently applied combinations of techniques per cancer type.?
Techniquesk
NGS Sanger HRM IHC FISH WGS Total cost
| | per cancer
patient
PGM 316, |ABI3500  ||BRAF+NRAS ||ALK+ROSI  |ALK+ROSI+
318 chip; |(10/3/6/9 RET D
MiSeq amplicons)@l
NSCLCERE
Test 1 € 283.95 €203.77
Test 201 € 283.95 €242.07
Test 301 €71.19 €242.07
Melanomal
Test 1 € 283.95
Test 2 € 74.56
Test 3 €57.68
CRCEIR
Test 1 € 283.95
Test 2 €63.47
GISTRIR!
Test 1 € 283.95
Test 2 €69.26
All
€ 4,738.05 ||€ 4,738.05

Overall, included standard techniques were performed in > 2 labs (inventory labs) and included > 5 % of the analyses in total for the respective cancer types (PALGA data) (Supplementary Table 1). These
techniques covered at least 80 % of the performed analyses per cancer type (PALGA data). WGS usage is a potential future practice expectation for all cancer types. The total cost per technique represents a
combined total cost, which is calculated based on their analysis of target genes (IHC, FISH, HRM) or hotspot panels (Sanger, NGS). For NGS, an average of the total cost of the three different platforms was used for
the calculations.

Test 1, 2 (and 3) show the descending order of frequency usage of technique (combinations).

For NSCLC, the techniques included in test 1 are concomitantly applied (100 %) and those incorporated in test algorithm 2 and 3 are sequential applied (< 100 %), only when the prior test is negative.

The total cost for FISH is based on 60 % frequency usage of ALK, ROS1 and RET {sequential testing: in 40 % of cases a mutation in EGFR or KRAS is observed, and consequently FISH is not performed) (26-27).

@ The genes tested with Sanger are EGFR, KRAS, BRAF, ERBB2 and MET (10 amplicons) for NSCLC; BRAF and NRAS (3 amplicons) for melanoma; KRAS, NRAS and BRAF (6 amplicons) for CRC; KIT, PDGFRA and BRAF (9
amplicons) for GIST.

Including non-small cell lung carcinoma (NSCLC), colorectal cancer (CRC) and gastrointestinal stromal tumor (GIST).
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Including next generation sequencing (NGS), Sanger sequencing (Sanger), High Resolution Melting (HRM), immunohistochemistry (IHC), Fluorescence In Situ Hybridization (FISH) and whole genome sequencing
29
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Table 4. Sensitivity analysis.

TechniquesZl?

NGS? Sanger HRM IHC FISH
PGM 316, 318 ABI3500 (10  |ABI3500 (3 ABI3500 (6 ABI3500 (9 BRAF+NRAS ALK+ROS1 ALK+ROSI+RET
chip; MiSeq amplicons) amplicons) amplicons) amplicons)
Standard case perspective € 283.95 €71.19 €57.68 €63.47 €69.26 €74.56 € 203.77 €403.45 € 4,738.05
Range of practicel € 250.11-216.01 |€65.98 - 65.07 [€56.52 -55.62 |€ 60.57-59.67 |€ 64.63 -63.72 [€ 73.86 - 64.36 |€ 166.06 - 161.06 € 369.96 - 323.00 (€ 3,403.47

Currently most frequently used techniques in cancer types of focus.

The average total cost of the cost calculation outcomes for the NGS platforms and different hotspot panels is used.

The utilization of the platforms varied from 17 to 47 % for NGS (average 32 %), 39 to 69 % for Sanger (average 54 %), 13 to 43 % for HRM (average 28 %), 15 to 45 % for IHC (average 30 %), 9 to 39 % for FISH
(average 24 %) and 60 % to 90 % for WGS. The cost of consumables were reduced by 30 % for all the techniques.
Including next generation sequencing (NGS), Sanger sequencing (Sanger), High Resolution Melting (HRM), immunohistochemistry (IHC), Fluorescence In Situ Hybridization (FISH) and whole genome sequencing

(WGS).
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Supplementary tables

Table S1. Percentage frequency usage techniques per cancer type (PALGA, 2018).2

Techniques @
NGS +
other
NGS technique |MassArray [HRM Sanger Pyroseq [Biocartis |Cobas Other Unknown

NSCLCR 78 3 4 5 3 1 0 0 0
Melanoma 57 15 6 5 1 4 1 1 0
CRCE 80 2 4 7 2 3 0 0 0
GISTH 78 16 0 0 6 0 0 0 0 0

Online only.

Including non-small cell lung carcinoma {NSCLC), colorectal cancer (CRC) and gastrointestinal stromal tumor (GIST).
Including next generation sequencing (NGS), High Resolution Melting (HRM), Sanger sequencing {Sanger) and pyrosequencing {Pyro seq).
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Table 52. Process-based cost fons of diagnostic applicatians based on the standard case perspective.aR]
Techniques.

Additional equipment I[ijgmi cccccc pe‘,HEg:;microscope, !;Ibl::(?zse?fbmo //// //////////// //////////// \ppch:lfl;PCR ‘JO[J"pSEE(E;;EPCR \(c:,v’:o . Bmmlc::;ioe Ir:‘:vls‘o . Biom‘;iaﬁlsjoo

Ife cycle additional equipment (years 10 10 B // /////////// // //////// /// s 5 10 10 10 5

e e e e e e e e e P it s
microscope, Lelca sz Qiagen b ystems,  [PGM, PGM, Biocart Biocartis  [Biocartis  [Illumina
Platformype [AlCorRosT [Pt ALK, ROSL or RET |EGFRYKRAS | EGFRFKRASYS |BRAFNRAS ;BHSDG 20 Lawasuo (3 |ABI3500(6  |ABI3500(9 ggrvrwm;;‘s‘ch:p ggj\;um;:;ch:rp MiSeq: 2x150 | BRAF BRAF EGFR KRAS BRAFINRAS [/
hotspots (6 | RAF hots pots |(3 I i i amplicons: KIT, [cancerhotspot [cancerhotspot [bp microv2 kit
amplicons) (37minmns) amplicons) EGR;: :::;,1’ BRAF, NRAS) ;:ﬁ,)wm\s, PDGFRA, BRAF) |panel v2 panel v2 ;aa:re'erv;ompot
MET) 2

Life cycle platform (years) 10 10 10 5 10 10 7 7 7 7 5 5 5 10 5 5 5 5 5

Utilization 30% 30% 24% 8% 56% 28% 54% 54% 54% 54% 32% 32% 32% 0.3% 60% 60% 60% 60% 60%
Mdmon:sl :qu\pmenl initial costsk € 50,000.00 € 50,000.00 €6,679.00 €0.00 £ 0.00 1€ 0.00 €0.00 €0.00 €0.00 £ 0.00 € 9,000.00 € 9,000.00 € 9,000.00 € 0.00 € 5,000.00 € 5,000.00 € 5,000.00 € 5,000.00 € 80,000.00
Life cycle additional equipment (years) 10 10 5 1 1 1 1 1 1 1 5 5 5 1 10 10 10 10 5

i = i L s, . e, ) M TN, [T TN [T (TN
sECOSBEddiUO"E'EqumEI’\[ €0.00 €0.00 €0.00 €0.00 £0.00 €0.00 €0.00 €0.00 €0.00 £0.00 € 0.00 €0.00 €0.00 € 0.00 €0.00 €0.00 €0.00 € 0.00 €0.00
e costs additional equipment € 5,000.00 €5,000.00 €200.00 €0.00 £0.00 1€0.00 €0.00 €0.00 £0.00 £0.00 € 900.00 €900.00 € 900.00 €0.00 € 500.00 € 500.00 € 500.00 € 500.00 €3,000.00
cecosts platform (firstyear)__ [€0.00 €0.00 €0.00 €0.00 €0.00 €000 €000 €000 €0.00 €000 €000 €0.00 €000 €0.00 €000 €0.00 €0.00 €000 €0.00
500,00 €500.00 €1,00000 €6,50000 [€3,14800 [€3,14800 [€3,65500  |€3,65500  |€365500  |€365500  |€610000  |€610000  |€11,86700 |€520000 [€4,00000 |€4,00000 [€4,00000 |[€4,00000 |[€64,000.00
osts platform (other years)

s per sample or per tumor normafa € 0.71

|€zonu 00 Heznuu 00 |€zuoo 00 |€ 20,000.00 |€ZD 000.00 |€ 20,000.00

/are costsil
Life cycle software (years)

al software management / maintenance costs?

ezouoou ezuoouo e;soooo essoooo easoooo eono eonn enon enoo
|€o 11 leo.1a leo11 les2s le263 le263 [eo.00 le0.00 leo.00 | leooo leoas

|eono Heoon |€0 11

€319 05 €46 13 7 €19 30 €579 €11 58 €17 37 ems 48 ems 48 €140 57 €251 74 €140 00 ezsu 00 €190 00 €250 no emo.ou
/// . // mzaze €3119 53375 €77s // // // uuonon
€001 €001 €001 €0.01 €0.01 €001 €001 €001 €001 €001 €0.05 €005 €0.05 €001 €0.01 €0.01 €0.01 €001 €24.00
€ 20.59 €20.59 €3271 €37.14 €2858 € 2858 €37.38 €37.38 €3738 €37.38 €50.82 €42.08 € 4208 €33.02 € 2805 €28.05 € 28.05 € 28.05 €50.00
€ 10.21 €10.21 €14.43 €16.98 €1290 €1290 €12.90 €12.90 €1250 €12.90 €14.26 €14.26 € 1426 €12.90 €16.29 €16.29 €16.29 €16.29 €3333
ek s er anrpaens I e e e e e
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Online only.

The standard case perspective implies that an average Dutch lab practice was assumed and suppliers’ standard list prices were used, in respect of all techniques.

The cost of the platforms, software and consumables all exclude Value Added Taxes (VAT).

For the standard diagnostic techniques, life cycles varying between 5 to 10 years, annuity factors ranging between 4.39 to 7.91, and an interest rate of 4.5 % are maintained for both types of equipment (if
applicable). The annual capital costs of the additional equipment {sample preparation platform) and the sequencing platform for WGS are calculated by taking into account a life cycle of 5 years, an annuity factor of
4.45 and an interest rate of 4 %.

The capital, maintenance and operational costs per sample calculations are based on 2 times sample preparation and 4 times genome sequencing (90x coverage tumor and 30x coverage blood) for WGS. For WGS
application, two samples are needed {tumor biopsy and blood) to do the analysis whereas for the standard used techniques 1 sample {tumor) suffices.

During the first year no maintenance costs occur as the platforms have a warranty for the first year.

Software management / maintenance incorporates daily supervision and maintenance of the pipeline for WGS. It takes up 0.2 FTE (of a 40-hour working week) for a bioinformatics technician with a gross hourly
salary of € 50.

Data processing and data storage are outsourced for WGS. The cost of data processing covers the complete analysis of raw data to BAM file, VCF file and patient report. The cost of data storage is estimated based
on hot storage of the BAM file, VCF file and patient report for 6 months (€ 4 per month per 200 GB).

The sample preparation and primary data analysis is done by a laboratory technician (gross hourly salary of € 22) and bioinformatics technician {gross hourly salary of € 29) for the standard techniques. For WGS this
is performed by a laboratory technician (gross hourly salary of €25). Sample and report administration is incorporated for all techniques.

The data interpretation and report per sample is done by a clinical molecular biologist (gross hourly salary of € 41) and pathologist (gross hourly salary of € 61) for the standard techniques. For WGS this is
performed by a clinical molecular biologist and a bioinformatics technician, both with a gross hourly salary of €50.

The total cost per cancer patient represents a total cost per target gene separately for IHC (ALK or ROS1) and FISH {ALK, ROS1 or RET). A combined total cost per cancer patient of the specified target genes per
technique is given for Pyro seq, HRM (EGFR + KRAS + BRAF; BRAF + NRAS) and Biocartis (BRAF + NRAS), and for Sanger (10, 3, 6, 9 amplicons) and NGS hotspot panels.

Including immunohistochemistry (IHC), Fluorescence In Situ Hybridization (FISH), pyrosequencing (Pyro seq), High Resolution Melting (HRM), Sanger sequencing (Sanger), next generation sequencing (NGS) and
whole genome sequencing (WGS).

33

* 3SUB2I| [euoieWIBIU| 0 AN-DN-AG-DD € Japun 3|qejiene apeuw si

‘Aimadiad ui udalid ay) Aejdsip 01 asuadl| e Aixgpaw pajuelb sey oym ‘lspuny/ioyine ayl si (mainal Jaad Ag paljinied 1ou
sem yaiym) widaud siyi 1oy Japjoy 1ybuAdod syl 6T0Z ‘2g 1290100 paisod UoISIaA SIUl ‘6966006 T/TOTT 0T/BIo 10p//:sdny :10p undaid Aixypaw


https://doi.org/10.1101/19009969
http://creativecommons.org/licenses/by-nc-nd/4.0/

