
special
articles

Implementation of Whole-Genome and
Transcriptome Sequencing Into Clinical
Cancer Care
Edwin Cuppen, PhD1,2; Olivier Elemento, PhD3; Richard Rosenquist, MD, PhD4,5; Svetlana Nikic, PhD6; Maarten IJzerman, PhD7,8;

Isabelle Durand Zaleski, MD, PhD9; Geert Frederix, PhD10; Lars-Åke Levin, PhD11; Charles G. Mullighan, MD, MSc12;
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abstract

PURPOSE The combination of whole-genome and transcriptome sequencing (WGTS) is expected to transform
diagnosis and treatment for patients with cancer. WGTS is a comprehensive precision diagnostic test that is
starting to replace the standard of care for oncology molecular testing in health care systems around the world;
however, the implementation and widescale adoption of this best-in-class testing is lacking.

METHODSHere, we address the barriers in integrating WGTS for cancer diagnostics and treatment selection and
answer questions regarding utility in different cancer types, cost-effectiveness and affordability, and other
practical considerations for WGTS implementation.

RESULTSWe review the current studies implementingWGTS in health care systems and provide a synopsis of the
clinical evidence and insights into practical considerations for WGTS implementation. We reflect on regulatory,
costs, reimbursement, and incidental findings aspects of this test.

CONCLUSION WGTS is an appropriate comprehensive clinical test for many tumor types and can replace
multiple, cascade testing approaches currently performed. Decreasing sequencing cost, increasing number of
clinically relevant aberrations and discovery of more complex biomarkers of treatment response, should pave the
way for health care systems and laboratories in implementing WGTS into clinical practice, to transform diagnosis
and treatment for patients with cancer.
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INTRODUCTION

Cancer is a disease of the genome, where acquired
(epi)genetic changes and/or inherited germline ab-
errations can lead to survival and proliferation of
cancerous cells. The advancements of molecular di-
agnostic assays and development of effective thera-
pies enable cancer eradication and improved survival.
The study of the molecular mechanisms responsible
for oncogenesis has revealed the importance of ge-
nomic aberrations such as single-nucleotide variants,
small insertions and deletions, structural variants (SVs)
such as copy number aberrations and rearrange-
ments, as well as more complex biomarkers such as
tumor mutational burden (TMB), microsatellite insta-
bility (MSI), and homologous recombination deficiency
(HRD). As the number of clinically actionable and
pancancer biomarkers continues to grow and the
sequencing technology becomes more accessible,
comprehensive molecular approaches such as whole-
genome sequencing (WGS) and whole-transcriptome
sequencing (WTS), combined also known as whole-
genome transcriptome sequencing (WGTS), are be-
coming increasingly used within cancer diagnostics

and are on the horizon for everyday oncology care. This
is evidenced by several recent studies validating WGS
and WGTS for cancer diagnostics.1-3 How the broad
adoption of WGTS for routine cancer care will happen
is not yet fully defined, reflecting the work that health
care systems across the world must do to prepare for
WGTS implementation and bring the benefits of these
new developments to patients with cancer.

Despite differences in national regulations, all coun-
tries share common challenges in integrating WGTS
into their systems. Here, we address the real-world
barriers that are likely to be issues in any system
looking to adopt WGTS in routine cancer diagnostics.

METHODS

A panel of 25 global experts in oncology, pathology,
genetics, translational research, and health technology
assessment were chosen based on their experience
using WGTS in oncology in the translational setting or
as a routine molecular profiling assay. The experts
participated in a 14-day virtual advisory board com-
posed of three working sessions for a total of 4.5 hours
and discussions on a virtual engagement platform
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(Within3) to address key topics related to the imple-
mentation of WGTS in routine cancer care and diagnostics:
general and technical aspects, health economics and re-
imbursement, clinical evidence needs, and data analysis
and interpretation. To prepare the manuscript, the experts
met between November 2020 and September 2021 via
conference calls every second month and used Within3
platform to continue the discussion. During this period, the
group addressed each topic and discussed opinions until
agreement was reached. In addition, the experts identified
gaps and required actions to implement WGTS in routine
cancer diagnostics and care. This consensus statement
summarizes the conclusions of the panel on the basis of
existing published evidence and professional experience.
The final document was approved by all experts.

RESULTS

Oncology Testing Ready for WGTS Implementation

There is a growing amount of data showing that WGTS
profiling of tumor tissue has reached a tipping point in
diagnostic and economic value. In a number of cancer
types, a precise diagnosis facilitating targeted treatment
depends on accurate detection of a fast growing number of
clinically relevant genomic alterations4 (Fig 1). Currently
used technologies have different limitations. For instance,
targeted next-generation sequencing approaches are better
at detecting mutations with lower allele frequencies than
WGS due to higher sequencing depth but are less com-
prehensive than WES and WGS and less effective for
identification of large genomic aberrations such as SVs.5

Recent feasibility studies of clinical WGTS across pediatric
cancers5 and adult solid tumors6 demonstrated that despite
5- to 10-fold lower average sequencing depth typically used
for panels, WGTS ofmatched tissue samples was able to call
out all clinically relevant variants (Data Supplement). Kar-
yotyping has limited ability to detect smaller (under 5 Mb),
clinically relevant copy number aberrations. Similarly,
fluorescence in situ hybridization (FISH) can detect known
gene fusions but is not able to detect novel ones or identify

cryptic translocations that are clinically relevant.7 WGTS
thus offers the advantage of identifying a wide range of
actionable aberrations, complex biomarkers, providing in-
sights into the characteristics of the tumor relevant for
correct patient diagnosis. In particular, for hematological
malignancies, sarcomas, and some other cancer, in-
creasing evidence shows that WGTS would streamline
testing and improve diagnosis, risk stratification, and patient
management.8-11

Hematological malignancies. The hematological malignan-
cies most ready for WGTS adoption into the clinical workflow
are acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), and myelodysplastic syndromes.12,13 In
routine practice, patients with AML are risk stratified by
conventional cytogenetic analysis, FISH, and targeted se-
quencing. A recent study of 235 patients with AML and
patients with myelodysplastic syndromes revealed that
WGS detected all SVs detected by conventional cytogenetic
analysis as well as new clinically informative genomic
events in 17% of patients. This study also highlighted the
ability of WGS to refine risk stratification of patients with
AML, including those with inconclusive results from
cytogenetics.8 Extrapolation of the Human Leukocyte An-
tigen status from WGS data may be another driving factor
for the adoption of this assay before hematopoietic stem-
cell transplantation. Thus, for patients with AML, the di-
agnostic workup could be consolidated into a single
comprehensive WGS test.

While WGS provides great number of insights in genomic
aberrations occurring at DNA level, WTS analysis enables
detection of differentially expressed genes and expressed
gene fusions, which may be important for risk group
classification as seen in ALL.14,15 Historically, this initial
identification has relied on time-consuming approaches
using multiple methods including karyotyping, FISH,
genomic arrays, measurement of DNA index, and tar-
geted molecular analysis for fusion genes. Gene-
expression identification of distinct ALL entities by WTS

CONTEXT
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How can whole-genome transcriptome sequencing (WGTS) be integrated into health care systems to replace the standard of

care for oncology? A panel of 25 global experts in oncology, pathology, genetics, translational research, and health
technology assessment discussed key topics for the implementation of WGTS in routine cancer diagnostics and care:
technology, health economics and reimbursement, clinical evidence needs, and data analysis and interpretation.
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enables identification of phenocopies of other subtypes16-18

(eg, Ph-like and ETV6-RUNX1–like ALL) and provides ver-
ification of rearrangements that may not be conclusive from
WGS alone. This is also reflected by the recent WHO clas-
sification of lymphoid neoplasms where transcriptome
analysis is suggested as a powerful tool for classification of
distinct ALL subtypes.19-21 WGS has additional capabilities
over WTS, for both AML and ALL, including the precise
characterization of SVs and insertions and deletions, the
ability to identify rearrangements with intergenic breakpoints
that may not encode a fusion chimera but deregulate
oncogenes,22 and unambiguous calling of somatic and
germline variants. Thus, the combinedWGTS approach may
offer the most comprehensive molecular analysis than any
single genomic sequencing modality and has been imple-
mented for ALL clinical management in some academic and
private laboratories in the United States23 and Europe.24,25

Rare cancers, cancers of unknown primary, and pediatric.
For cancers with a frequently long diagnostic odyssey like rare
cancers (eg, sarcomas, pediatric cancers, brain cancers) and
cancers of unknown primary (CUP), WGTS has the potential

to improve and/or refine diagnosis.26 A recent clinical WGS
study of 83 patients with sarcoma demonstrated refinement
of diagnosis in 14% of cases, nomination of actionable
biomarkers in 36% of tumors, and detection of germline
cancer predisposition variants in 8% of patients.27 WGS may
be particularly impactful in sarcoma given its position as one
of the most heterogeneous of all cancers, with the newest
WHO classification denoting 175 different soft tissue and
bone tumors, many distinguishable by genomic features.28,29

WGTS may also prevent patients from being misassigned to
therapies that are unlikely to provide any efficacy while at the
same time bringing considerable clinical toxicity to patients
and financial burden to the health care system.30

Although considered uncommon as individual cases, rare
cancers in aggregate comprise around 25% of all cancer
cases.31 Rare cancers are not well served by targeted panel
sequencing, whose content and coverage are biased toward
mutational events and genes found in common cancers.
Recent studies indicate that patients with rare cancers may
benefit from molecular stratification using WGTS. For ex-
ample, a large prospective observational study demonstrated
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FIG 1. Methods currently used for a precise diagnosis of patients with cancer and tumor characterization. aMethod/design-specific limitations may exist in
sensitivity and/or event type or size. bOnly when a normal control is included in the test, which is not routine practice. cAlthough the approach is genome-wide,
the analysis is usually done in targeted way because of the complexity of analysis. CMA, chromosomal microarray; CNAs, copy number aberrations; Diff.
Expr., differential expressions; FISH, fluorescence in situ hybridization; GEX, gene expression; HLA, human leukocyte antigen; HRD, homologous re-
combination deficiency; HRR, homologous recombination repair; MSI, microsatellite instability; PGX, pharmacogenomics; SNVs, single-nucleotide variants;
TMB, tumor mutational burden; TME, tumor mutational environment; WES, whole-exome sequencing; WGS, whole-genome sequencing; WGTS, whole-
genome and transcriptome sequencing; WTS, whole-transcriptome sequencing.

JCO Precision Oncology 3

Implementation of WGTS Into Clinical Cancer Care



the value of WGTS to guide the clinical management of
1,310 adult patients with advanced rare cancers.32 On the
basis of several hundred individual biomarkers and, im-
portantly, several composite biomarkers that WGTS is par-
ticularly well suited to capture fully, a multi-institutional
molecular tumor board (MTB) made evidence-based rec-
ommendations in more than 85% of cases.33 Recom-
mended therapies could be implemented in approximately
one third of patients, and resulted in significantly improved
response rates compared with prior therapies, leading to a
progression-free survival (PFS) ratio of. 1.3 in 36% of these
patients. The clinical value of WGTS, however, varied be-
tween different entities. Patients with CUP particularly
benefited from comprehensive molecular profiling, in terms
of more precise diagnostic classification and individually
tailored therapy, which was associated with a particularly
large prolongation of intrapatient PFS.32,34 In contrast, WGTS
did not provide additional benefit in other entities such as
bone sarcomas,32 suggesting that more comprehensive
analyses of WGTS data are needed in addition to other levels
of characterization of these patients. In the Drug Rediscovery
Protocol (DRUP), 500 patients started one of the available
drugs and were evaluated for treatment outcomes. The
overall clinical benefit rate was 33% in both rare and nonrare
cancer subgroups.35 Similar studies currently being con-
ducted in various countries will further corroborate the utility
of molecular stratification by WGTS in patients with rare
cancers and provide a framework for future clinical trials that
facilitate drug approval for this underserved patient
population.36

Although rare, childhood cancers are the second leading
cause of death in children under age 14 years.37 Pediatric
cancers are heterogeneous and carry a unique combination
of somatic, inherited, and de novo germline mutations. A
prospective study on tumor and germline genomes from 309
children showed that inclusion of WGS enabled detection of
activating gene fusions and enhancer hijacking in 36% and
8% of tumors, respectively, as well as small intragenic de-
letions in 15% of tumors and mutational signals associated
with pathogenic variants that otherwise would have
remained undetected.38 Added values of WTS is the de-
tection of actionable gene fusions, as observed in pediatric
patients with neuroblastoma,39 which can help identify pa-
tients whowould benefit from targeted therapies usingNTRK
inhibitors.40 Data from 114 pediatric and young adult solid
tumors supported the utility of an integrated approach,
where WGTS identified additional oncogenic mutations not
captured by targeted sequencing in 49% of patients.41

In the multinational precision oncology study INFORM,
relapsed pediatric patients with cancer underwent
comprehensive molecular profiling including WES,
low-coverage WGS, RNA sequencing, and methylation
arrays.42 Among 519 patients with complete follow-up,
86% had at least one actionable target and 33% received
a matching treatment. In the subgroup of patients with

highest target priority level (8% of patients), according to
a seven-scale target prioritization algorithm, half of them
received targeted treatment with a PFS of 204 days versus
117 days in all other patients. Cancer predisposition
syndromes were identified in 7.5% of patients.

Adult solid cancers. For many solid tumor cancer types,
analysis of tumor DNA can help personalize treatment.43-45

In a recent proof-of-principle study,46 WGS characterized
genetic lesions and yielded better patient outcomes illus-
trating the power of a one-size-fits-all test for molecular
cancer diagnostics.43,44,47 WGTS also improved the diag-
nostic yield in advanced patients with non–small-cell lung
cancer, pancreatic, CRC, and breast cancer (especially for
tumors that come up negative on targeted panels)48 by
revealing novel fusion partners of actionable genes such as
NTRK2 and NTRK3 and by identifying novel fusions in
clinically relevant genes.

WGTS can identify a wider range of markers, including
complex markers, than other techniques used in cancer
genomic workup (Fig 1). WTGS detects all relevant
markers covered by panels in tumors with purity above
20% (assuming a tumor sequencing depth of approxi-
mately 90×) and those caused by SVs including copy
neutral intragenic SVs disrupting tumor suppressor genes.
Furthermore, detecting deletions in low purity samples is
challenging using panel-based sequencing, while a recent
analysis shows that in 9% of solid tumors, a cancer driver
is affected by a homozygous disruption, which includes
clinically relevant genes like PTEN and TP53.49 The same
study also revealed that 13% of clinically relevant gene
fusions arise through complex rearrangements involving
three or more genomic segments, which would likely
remain undetected with targeted next-generation se-
quencing but are effectively detected using WTS. A WGTS
approach is likely the most sophisticated and sensitive
way to characterize cancers with HRD, for which poly
(ADP-ribose) polymerase inhibitors is currently or soon to
be approved. The genome-wide view shows the signature
HRD genomic lesions, namely the loss of heterozygosity,
telomeric allelic imbalance, and large-scale state transi-
tions, yielding a personalized HRD score that is likely the
best response predictor of poly (ADP-ribose) polymerase
inhibitors sensitivity.50 Like TMB, the establishment of
universal HRD signatures and thresholds would help
maximize the value of HRD for patient stratification.51

WGS recently detected clear signs of HRD deficiency in
a broad range of tumor types including the most common
ones (ovarian, breast, pancreatic, prostate, and lung) and
others such as biliary and urinary tract cancer (5%-6%
HRD frequency), suggesting new therapeutic opportuni-
ties for difficult-to-treat cancer types.52

Taken together, mounting evidence shows that WGTS en-
ables improved diagnosis over existing clinical tests used
in oncology. As new clinically relevant biomarkers are
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identified, WGTS will have the capability to quickly report
them without designing a new assay. Furthermore, WGTS
provides better understanding of cancer etiology, including
the currently still enigmatic role of noncodingmutations53 and
biology behind characteristic mutational signatures that can
be discerned in tumors,54,55 the expansion of germline an-
alyses with polygenic risk scores56 and pharmacogenomics,57

and also valuable input for emerging applications, including
cfDNA analyses (eg, for panel design or shallow sequencing-
based residual MRD detection),58 personalized vaccines,59

and microenvironment characterization, including infiltrat-
ing immune cell decomposition.60 For all these reasons,
WGTS is poised to replace a wide range of other types of
molecular testing (Fig 1); however, the health care systems
in most countries must address key practical barriers to
implementation.

DISCUSSION

Practical Factors for WGTS Implementation

Sample collection and biobanking. Currently, formalin-
fixed, paraffin-embedded (FFPE) samples are those
routinely collected in most clinical laboratories and fresh-
frozen (FF) samples are available in only a limited number
of centers. Importantly, samples for high-quality WGTS
analyses must contain undegraded and chemically intact
nucleic acid. FF samples are far less damaged and
provide less noise in genome-wide WGTS results. How-
ever, routine collection of FF samples and standardized
biobanking creates logistic and infrastructure issues, eg,
infrastructures to store samples and train personnel,
where some of these would be solved by centralization

(Fig 2). The Hartwig Medical Foundation2 and 100.000
Genomes Project in the United Kingdom61 showed that
WGS can be performed on FFPE and gives similar diag-
nostic accuracy of known driver mutations as panels.
However, genome-wide analyses, including the evaluation
of potentially novel cancer drivers, accurate detection of
copy number, and SVs as well as complex biomarker (MSI,
HRD) assessment, turned out to be very challenging or
impossible to perform on FFPE input material. Although
The New York Genome Center has validated FFPE
specimens for WGS and WTS3 and shown the perfor-
mance with matched frozen samples, FFPE does have a
downstream effect on the variant calling and requires
additional data sets for complex biomarker discovery.

Since FFPE tumor samples do still bring key value to initial
diagnoses on the basis of histopathologic evaluation and
tumor type classification and staging, a likely future sce-
nario is that FFPE specimen will be collected for histology as
well as FF biopsies for molecular diagnostics (Data
Supplement).

Data analysis, interpretation, and reporting. The benefits of
specialized centers for WGTS diagnostics extend to com-
prehensive data analysis, including flexible and more auto-
mated solutions for clinical interpretation, reporting, and data
storage (Fig 2), which will not only improve diagnostic effi-
ciency and precision but also reduce costs and analysis/test
heterogeneity. Actionable variant lists62 should be stored in
databases to ensure analysis of genomic regions known to be
useful for diagnosis and treatment. General-purpose,
genome-wide variant callers could be sensitized to perform
better in diagnostically relevant parts of the genome. This
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FIG 2. Centralized approach enabling effective WGTS-based precision medicine. FF, fresh frozen; FFPE, formalin-fixed paraffin-embedded;
WGS, whole-genome sequencing; WGTS, whole-genome transcriptome sequencing.
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approach would increase detection sensitivity significantly for
low tumor purity samples and in cases that lack matched
normal tissue. For molecular reporting, tools for summarizing
results require focus on clinical relevance rather than
returning all molecular findings.

The turnaround time for WGTS data should be considered,
and several groups have reported it to be , 10-14 working
days, similar as current standard-of-care (SoC) molecular
diagnostics.2,5 Independent of the time required to analyze
data, rapid delivery of WGTS depends on several factors:
blood and tissue processing, sample extraction, pathology
review, MTB meeting schedule, and integration of a joint
panel WGTS/MTB report sign-off. These challenges are
similar to those faced by large diagnostic panels.

Automated solutions will solve many of the problems sur-
rounding cancer genome interpretation and report drafting.
Automated systems could create reports that include de-
tailed information on relevant molecular events including
complex tumor characteristics like MSI, HRD, and TMB
and reference to actionability options. Importantly, these
systems should be user-friendly and broadly available and
should use well-curated and up-to-date knowledge bases
to annotate and enrich molecular reports63 (Data Supple-
ment). Data sharing at national/international level will also
be essential to fuel research to further improve patient-
adapted treatment and follow-up. Data sharing is expected
to improve clinical interpretation of WGTS by providing
practical guidelines and supporting the development of
standards for the use of clinical WGTS. Furthermore,
connecting data sources offers opportunities for developing
data-driven treatment stratification using a patient-like-me
approach. However, collection of standardized data and
obtaining proper patient consent and/or legislative approval
that allows for learning and improving cycles is not a
standard mechanism in most health care systems. Con-
senting procedures are also complicated by the fact that
WGS increases the chance of incidental genomic findings.
Internationally, there is currently no consensus on how to
address secondary findings,64 but perhaps, a larger chal-
lenge is that different medical specialists (eg, oncologist
versus geneticist) have different perspectives on this
topic.65 It is essential for effective WGTS implementation
that medical specialists, ethicists, legal experts, and pa-
tients develop national guidelines and procedures for
informing and consenting patients regarding incidental
findings and data reuse.

Regulatory Landscape

Regulatory approval of WGTS solutions is likely to pose
challenges as validation of all individual genes genome-
wide is not feasible. In practice, genome-wide variant
calling accuracy is assessed using gold standard refer-
ence controls,66,67 in addition to orthogonal validation for
specific biomarkers that are already tested in routine
diagnostics.2,3,5 Emerging WGTS-based biomarkers, like

mutational signatures, expression profiles, and immune
signatures should be regarded research-grade until formal
validation is demonstrated in properly controlled studies.

While it is beyond the scope of this manuscript to describe
the regulatory landscape of each country (Data Supple-
ment), in general, clinical laboratories are bound to follow
the requirements for the development of procedures and
establish the performance (validation) of their assay as per
the jurisdiction of the regulatory agencies under which they
fall. Importantly, as WGTS involves the possibility of inci-
dental germline findings, specific attention is required for
implementing appropriate counseling, consenting, and
opt-out procedures, following regional regulations and laws.
Overall, assay validation of WGTS follows the same basic
principles for validating other molecular tests. As the field
matures and the laboratories gain experience, it is expected
that these guidelines will evolve.

Reimbursement Landscape

In Europe, WGTS is not widely reimbursed for patients with
cancer; however, access has been made available in a few
countries through innovative programs. For example, fol-
lowing the 100,000 Genomes Project, National Health
Service (NHS) England has created a genomic test directory
which includes WGS testing of pediatric neurologic and solid
tumors, sarcomas, and hematological malignancies.68 In the
Netherlands, molecular cancer diagnostics are typically not
reimbursed separately but is part of a disease-specific
diagnosis-treatment code for which the reimbursement is
calculated based on the average costs of the SoC procedures
for that specific patient group (excluding expensive targeted
treatments). In 2020, after a motion in the Dutch House of
Representative, health care authorities decided that WGS
would be reimbursed and included in the basic health care
insurance for CUP patients. In France, patients with ad-
vanced cancer and a selected number of rare diseases have
access to WGS through one of the two platforms publicly
funded. The list of indications is regularly updated to include
evidence on WGS benefit to patients after critical review by
the national health authority (H.A.S.).69

In the United Kingdom, cancer molecular testing is com-
missioned by the NHS and offered as recommended by
The National Institute for Health and Care Excellence
(NICE) or as available through the NHS genomic testing
centers that have been created.

In Australia, WGS is covered through a Medicare Benefits
Schedule item to test the germline for monogenic disorders
in pediatric diseases, but no WGTS reimbursement is
available for oncology indications.

In the United States, while coverage and reimbursement of
germline WGS has accelerated in recent years for pediatric
patients with suspected genetic diseases, there is currently
little-to-no coverage for oncology WGS applications.
Of note, when testing is performed for patients in the in-
patient setting (eg, during initial ALL workup), hospitals are
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generally reimbursed through a bundled diagnosis-related
group rate. Therefore, specific coverage of a test is not
required, and tumor types where WGTS offsets the ag-
gregated cost of performing traditional SoC tests are likely to
be adopted faster. In the outpatient setting, insurance
coverage will be dictated through coverage policies, which
are influenced by published evidence of clinical utility and
recommendations from professional society guidelines.

The Real-World Cost of Cancer Health Care and

Improved Outcomes

In the end, nomatter how accurate or effective, WGTSmust
be cost-effective and affordable to convince clinical
stakeholders to adopt the technology. So, what does a
cancer diagnostic workup cost today? This can vary be-
tween tumor types and be based on the number of bio-
markers recommended. As the number of actionable
biomarkers with on-label therapies increases over time, it
has become more cost-efficient to use gene panels com-
pared with iterative single gene tests. For example, for
non–small-cell lung cancer, the tumor type with the most
established actionable biomarkers, the most frequently
conducted tests are targeted gene panels, followed by IHC
analysis for programmed cell death protein ligand 1, at a

per-patient cost of $2,260 USD 6 $1,217 US dollars
(USD).70 Larger, more comprehensive multigene panels
are in general more costly than targeted panels and cost
between $1,750 USD and $4,000 USD.71 Asmore complex
biomarkers like TMB and HRD enter SoC, approaches like
Comprehensive Genomic Profiling and WGTS will in-
creasingly be required.

Several groups have started to report data on the cost
of WGTS testing. A number of factors can affect the cost of
clinical testing: depth of sequencing72; sequencing of tumor
only or tumor + normal; breadth of reporting; sequencing
platform and chemistry; throughput; data storage costs;
bioinformatic pipeline development, optimization, and
maintenance; and personnel costs in a clinical vs transla-
tional setting. Microcosting estimates from four studies range
between $9,309 USD and $1,914 USD (Table 1) and are
higher than SoC testing but decrease over time and ap-
proach the costs of large panels. The main challenge to
come to an overall favorable health economic evaluation
resides in monetizing the range of benefits of WGTS, in-
cluding the value of experimental treatment options, sus-
tainability of testing infrastructure, and contributions to a
learning care system that allow for reduction of overtreatment
of future patients (Data Supplement).

TABLE 1. Comparison of Microcosting of WGS in Oncology

Cost Componentsa

Duncavage et al8

Per Blood/Bone
Marrow Sample

Pasmans et al73

Paired Tumor-Normal
Tissue WGS per

Patient

Schwarze et al74

Two Solid
Tumor Samples
per Patient

van Nimwegen et al75

Per Blood Sample

Consumables and
equipment for
sample preparation
and library
preparation

$78 $102 (V88) $305 (£224) $81 (V70)

Labor $180 $58 (V50) $282 (£207) $81 (V70)

Equipment and
maintenance

NR
NovaSeq 6000

$281 (V243)
NovaSeq 6000

$837 (£615)
HiSeq 4000

$285 (V247)
HiSeq X5

Sequencing
consumables
(coverage)

$1,640
S1/S4 flow cell (60×)

$2,643 (V2,287)
(100× tumor, 35× germline)

$5,019 (£3,688)
(75× tumor,
30× germline)

$1,223 (V1,058)
(30×)

Data processing $16b $231 (V200) CPU $1,316 (£967)b $116 (V100) CPU

Data storage $28 (V24) $35 (V30)

Data reporting $38 (V33) $109 (V94)

Overhead NR NR $1,551 (£1,140) NR

Total $1,914 $3,380 (V2,925) $9,309 (£6,841) $1,929 (V1,669)

Limitations The analysis did not account for
capital equipment and
overhead. The estimate for
data processing and reporting
did not account for the
bioinformatics infrastructure
and is likely to be low

This analysis did not account
for overhead costs

The study was based on
HiSeq which was an
older, less-efficient
sequencing platform

The study was based on
HiSeq which was an older,
less-efficient sequencing
platform. The 30×
coverage is at the low end
in comparison with the
other studies

Abbreviation: NR, not reported.
aAmounts are displayed in US dollars (currency reported in the study).
bData cost was not itemized.
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In conclusion, WGTS is ultimately expected to transform
diagnosis and treatment for patients with cancer. It is able to
streamline diagnosis by making more efficient use of
scarce/limited tumormaterial (especially in case of biopsies of
metastases) by replacing a multiplicity of patient-testing
platforms or cascade testing with one powerful technology
that is also future proof as it can rapidly be extended to report
new biomarkers. This is important because newly developed,
targeted therapies can be life-saving game-changers in some
patients. Going forward, WGTS can also be the foundation for
a learning system for oncology diagnostics, wherein cumu-
lative WGTS data plus clinical and outcome data could,
supported by machine learning and artificial intelligence

(AI) approaches, guide clinicians in a patients like mine
assessment. The assessment would identify pathogenic
markers to guide treatment, allow patient-group stratifications
to enable targeted rather than cookbook treatment, expand
access to treatment options (drug repurposing and early
experimental drug access), accelerate development of new
drugs, and identify new biomarkers for improved stratification
and reduction of overtreatment. A refined diagnosis of future
patients could increase life expectancy and save patient
exposure to ineffective therapy. Finally, (inter)national stan-
dardization amongst clinical laboratories will be necessary to
allow wider adoption and access to WGTS as a routine
method for patients with cancer.
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