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1 | INTRODUCTION

Abstract

Next-generation sequencing (NGS)-based diagnostics have demonstrated clinical utility in pre-
dicting improved survival benefits with targeted treatment in certain cancer types, and positive
cost-benefit in several healthcare systems. However, clinical adoption in Singapore remains low
despite commercial availability of these diagnostics. This expert opinion review examines the key
challenges to the clinical adoption of NGS-based diagnostics in Singapore, provides recommen-
dations on impactful initiatives to improve adoption, and also offers practical guidance on spe-
cific cancer types in which NGS-based diagnostics are appropriate for use in Singapore. Limited
patient affordability is one major challenge to clinical adoption of NGS-based diagnostics, which
could be improved by enabling patient access to more funds for specific cancer types with clear
benefits. Expert opinion based on current evidence and clinical experience supports the upfront
use of hotspot panels in advanced non-small cell lung cancer (NSCLC), metastatic colorectal can-
cer, advanced and recurrent ovarian cancer, and acute myeloid leukemia. Comprehensive genomic
profiling could be considered for upfront use in select patients with NSCLC and ovarian cancer, or
in refractory patients with the four cancer types. Wider adoption of NGS-based diagnostics will
improve the delivery of cancer care in Singapore and Asia-Pacific, and thus lead to better patient
outcomes.

KEYWORDS
cancer genetics, group 1: major specialty, molecular genetics, group 3: other specific research
areas, tumor markers, group 3: other specific research areas

tics include hotspot or targeted panels that sequence specific parts of
genes commonly altered in cancer (typically <50 genes), and compre-

With the advent of next-generation sequencing (NGS) technologies,
significant achievements have been made in the field of cancer diag-
nostics to better understand the genomic profiles of individual patients
and tumor types.! In recent years, NGS-based diagnostics that pro-
file somatic mutations in tumors have demonstrated clinical utility

and positive cost-benefit in cancer care. These NGS-based diagnos-

hensive genomic profiling (CGP) through sequencing of entire coding
regions (all exons and in some cases introns) of multiple genes (typi-
cally >50 genes).

Prospective and retrospective clinical studies have shown that
NGS profiling can predict overall survival (OS) and progression-free

survival (PFS) benefits associated with chemotherapy and targeted
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therapy in select patient cohorts. Non-small cell lung cancer (NSCLC)
patients with high tumor mutational burden (TMB) as determined by
NGS-based diagnostics achieved significantly longer PFS following
treatment with both targeted therapy and chemotherapy.2~# Similarly,
as informed by NGS-based diagnostics, addition of targeted therapy
to chemotherapy improved survival amongst metastatic colorectal
cancer (CRC) patients with high TMB and those with wild-type KRAS
and NRAS genes.>¢ Besides lung and colorectal cancer, NGS profiling
has also been shown to predict OS and PFS improvements associated
with chemotherapy and targeted therapy in breast and ovarian cancer,
acute myeloid leukemia (AML) and several refractory cancers.”~10

In addition to improving patient outcomes, NGS profiling also
reduces treatment costs and time to diagnosis compared with single
biomarker tests. In two cost-impact model studies, investigators
showed that NGS profiling helped to lower total cost of treatment
for advanced NSCLC patients by US$2.7 million due to decreased
costs incurred from nontargeted therapy and adverse events,!! and
achieved US$1.5 million in savings using NGS-based diagnostics com-
pared to sequential single-gene tests with rebiopsies.’? Time to diag-
nosis was also reduced by 2.8 weeks compared to sequential single-
biomarker testing. In light of the clinical benefits associated with NGS-
based diagnostics, international clinical oncology organizations such as
the American Society of Clinical Oncology (ASCO) and National Com-
prehensive Cancer Network (NCCN) have issued guidelines recom-
mending the use of broader molecular profiling tests such as hotspot
panels and CGP for specific cancer types (e.g. advanced NSCLC).

As the body of clinical evidence and advocacy within the medical
community continue to grow, countries such as the United States and
Japan are already seeing high adoption rates of NGS-based diagnos-
tics, particularly for NSCLC and CRC.2-6.13.14 Wider clinical adoption
of advanced diagnostics is expected to address evolving diagnostic and
treatment needs of cancer patients, improve patient outcomes and
lower healthcare costs for some patient populations.1:12.15

In Singapore, there is prevalent use of single-gene/biomarker can-
cer diagnostic tests, but the adoption rate for NGS-based tests remains
low despite the regulatory approvals and commercial availability of
these tests (Supporting information Appendix I). As such, the goals of

this expert opinion paper are to:

1. Discuss the key challenges of adopting NGS-based diagnostics in
clinical practice for the management of somatic cancers in Singa-
pore.

2. Provide practical recommendations based on published evidence
and expert opinion, taking into account the perspectives of multiple
stakeholders, i.e., clinicians, patient advocacy groups, policymakers,

academics and industry participants.

Based on a review of published evidence, the types of cancer in
which NGS-based diagnostics have demonstrated the highest clinical
utility and cost-benefit are profiled in this paper. The expert panel also
provided their opinions on which of these cancer indications may be
suited for wider clinical use of NGS-based diagnostics in Singapore.
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Primary PubMed search using indication-specific search terms
NSCLC “non small cell lung cancer”: n=51,649

CRC “colorectal cancer”: n=93,936

Ovarian cancer “ovarian cancer”: n=51,037

AML “acute myeloid leukemia”: n=27,402

Inclusion criteria: “overall survival” OR “progression free survival”

v

NSCLC: n=11,137

CRC: n=9,229

Ovarian cancer: n=5,290
AML: n=3,644

[

Inclusion criteria: “sequencing” OR “next generation sequencing”
OR “NGS” OR “tumor mutation burden” OR “TMB”

l

NSCLC: n=353
CRC: n=265
Ovarian cancer: n=92
AML: n=215
|

Inclusion criteria: hotspot OR panel OR genomic profiling

.

NSCLC: n=55
CRC: n=50
Ovarian cancer: n=20
AML: n=36
|

Papers manually reviewed and selected for studies with CEBM
Levels of Evidence 1a to 2b

l

Studies included in final review (total n=49)
NSCLC: n=21

CRC: n=16

Ovarian cancer: n=6

AML: n=6

FIGURE 1 Summary of literature search strategy and selection for
the specified indications. NSCLC, non-small cell lung cancer; CRC,
colorectal cancer; AML, acute myeloid leukemia; CEBM, Oxford
Centre for Evidence-based Medicine

2 | METHODS

2.1 | Literature search

A literature search for clinical studies evaluating NSCLC, CRC, ovarian
cancers and AML with primary endpoints of OS or PFS was performed
using PubMed. Search results were filtered for terms describing NGS
technologies, and manually curated to select for studies with Oxford
Centre for Evidence-based Medicine (CEBM) Levels of Evidence 1a
to 2b to achieve high stringency for the clinical utility data present
(Figure 1). The last search was performed in September 2019.

2.2 | RAND /UCLA appropriateness method

The expert opinion was gathered based on a modified form of the
Research and Development/University of California at Los Angeles
(RAND/UCLA) Appropriateness Method.1¢ The expert panel, compris-
ing of seven key clinicians from public and private hospitals in Singa-
pore, reviewed the clinical literature, case studies from other countries
and interview findings with stakeholders in Singapore (including clin-
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icians, patient advocacy groups, policymakers, academics and industry
participants). The experts rated each challenge and initiative for
their impact, as well as the appropriateness of using NGS diagnostics
in selected cancer types based on provided evidence and personal
clinical experience. This validated method has been used widely to
develop practice guidelines and align expert opinions.1”-18 The aligned

recommendations form the final output of this expert opinion paper.

3 | RESULTS

3.1 | Utility of NGS diagnostics in selected
cancer indications

We identified four cancers, namely advanced NSCLC, metastatic CRC,
advanced and recurrent ovarian cancers and AML, which have high
numbers of actionable mutations and targeted therapies based on a
review of the current precision oncology landscape and expert opinion.
Atargeted literature review of these cancers identified studies demon-
strating high clinical utility for upfront use of NGS-based diagnostics
during the diagnosis process, especially in NSCLC and CRC (Figure 1,
Supporting information Appendix II).

In NSCLC, hotspot panels are sufficient for detection of most com-
mon gene alterations, such as EGFR, KRAS, BRAF, ERBB2 mutations,
and ALK and ROS1 rearrangements.1?-21 However, CGP can detect
more targetable alterations with higher coverage and other classes of
genomic alterations such as TMB. High TMB detected by CGP has been
used to identify patients suitable for targeted therapy with improved
survival benefits.322-26 For example, patients with high blood TMB
that were treated with PD-1/PD-L1 blockage therapy demonstrated
superior PFS compared to patients with low blood TMB (hazard ratio
= 0.39; 95% confidence interval, 0.18-0.84; P = 0.01).23 In another
study, higher TMB score significantly predicted improved OS (hazard
ratio =0.10; P = 0.003) in NSCLC patients treated with anti-PD-1/PD-
L1 therapy.2¢ However, the role of TMB as a predictive biomarker for
clinical benefit is still controversial given the lack of standardization
of TMB assessment across studies, and recent clinical trial results that
reported comparable OS benefit in patients with high or low TMB.2”

For CRC, hotspot panels are able to detect most actionable alter-
ations, such as KRAS, NRAS, BRAF and PIK3CA mutations.>2822 CGP is
able to test for additional biomarkers, including TMB and microsatel-
lite instability (MSI), which are also predictive of improved survival out-
comes in patients treated with chemotherapy and targeted agents.6-30
Although MSI status has been established as a strong prognostic factor
for CRC, evidence for its use as a marker for guiding treatment deci-
sions is still controversial and warrants further studies, as MSI-High
phenotypes can exhibit significant molecular heterogeneity.31:32

For ovarian cancer, hotspot panels can cover several predictive
biomarkers, such as mutations in DNA repair genes including BRCA1,
BRCA2, PALB2, BARD1, BRIP1, RAD51B, RAD51C, RAD51D and ATM,33
which are not always concentrated in hotspot regions.3* Furthermore,
cancer genomes with DNA repair gene mutations also often harbor
chromosomal aberrations, so broader molecular profiling by CGP is

needed to detect the full repertoire of actionable somatic alterations,
and to quantify the extent of chromosomal abnormalities—namely
telomeric allelic imbalance (TAl), loss of heterozygosity (LOH) and
large-scale transition, which are jointly termed “genomic scar” assays
or “homologous recombination deficiency (HRD)” score assays33—in
these tumors. Profiling the extent of HRD with BRCA1/2 mutation
status has been shown to influence response to treatment with
poly(ADP-ribose) polymerase inhibitors, highlighting the importance
of CGP-based measurement of HRD as a clinical biomarker in the
management of primary and recurrent ovarian cancers.”-3-40

Finally, in the context of AML, associated target genes includ-
ing DNMT3A, KIT, NPM1, IDH1/2 and CEBPA are typically covered in
hotspot panels. As there are relatively fewer targeted therapies for
AML, most studies have focused on linking individual biomarkers to
patient risk stratification and prognosis.*? Due to the limited number
of studies, the clinical value of CGP in AML remains to be ascertained.
With increased knowledge of the molecular landscape of AML, greater
adoption of hotspot panels and CGP will likely follow to better guide
treatment decisions for patients who would benefit from combination
therapy or investigational treatments.

In consideration of the published evidence and feedback from key
stakeholders interviewed, the expert panel identified the top six key
challenges that limit clinical adoption of NGS-based diagnostics in
Singapore, and recommended potential initiatives to overcome these
challenges (Figure 2, Supporting information Appendix Il and V).

3.2 | Challenges and recommendations

3.2.1 | Lack of patient affordability

Challenge

The lack of patient affordability is the top challenge to clinical adop-
tion of NGS-based diagnostics in Singapore. Currently, the use of the
national medical savings scheme (MediSave) for cancer diagnostics
is capped at S$600 per year and is insufficient to cover NGS-based
diagnostics, as the full quantum is typically consumed during initial
diagnosis, before treatment selection is discussed. Imaging and molec-
ular tests for initial diagnosis of NSCLC cost between $$5,000 and
S$$17,000 (Supporting information Appendix V). In such cases, patients
may opt not to use NGS-based diagnostics due to the associated out-
of-pocket cost (ranging from $$1,500 to $$5,500).

Recommendations

To reduce out-of-pocket costs for patients, insurance agencies could
consider enhancing coverage for these NGS tests, as these tests could
lead to optimization of therapy by lowering the likelihood of utiliz-
ing ineffective drugs. The government could also consider higher with-
drawal limits for cancer diagnostics under MediSave or insurance cov-
erage of NGS-based diagnostics under MediShield Life for selected
indications with clear clinical benefits, such as advanced NSCLC, CRC
and ovarian cancers.2”7 For example, $$5,000 could be the baseline
amount that advanced NSCLC patients are able to access through
MediSave or MediShield Life since 90% of these patients require initial
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Challenges Recommendations

Lack of patient .
affordability .

Insurance companies to enhance coverage for selected NGS diagnostics tests
Government to allow more coverage for NGS diagnostics under MediSave and
MediShield Life for selected cancer indications

Service providers and diagnostic companies to lower NGS diagnostics costs
Diagnostics and pharma companies to offer patient access programs for eligible
patients

Long turnaround time  °

Healthcare institutions and service providers to reduce overall turnaround time to ~2
weeks (e.g., Service providers could set up regional hubs in Asia-Pacific)

Lack of local guidelines -

Local clinical organizations to identify cancer indications where NGS diagnostics have
demonstrated high clinical utility and craft well-defined guidelines

Insufficient education .
of the clinical .
community

Healthcare institutions to incorporate NGS diagnostics into routine clinical workflow
Singapore Medical Council and medical schools to integrate NGS diagnostics
education in CME programmes and medical school curriculum

Service providers and diagnostic companies to provide on-demand training to relevant
healthcare practitioners

Insufficient education .
of patients .

Clinicians and genetic counsellors to provide dedicated patient education sessions
Service providers to support clinicians and healthcare institutions with communication
training and patient education materials

Collaborative industry-healthcare institution effort to develop online resources for
patients to facilitate easy access to up-to-date information

Lack of conclusive .
cost-benefit studies

Payers to conduct local cost-utility study for NGS diagnostics, or contribute to design of
studies conducted by third parties (e.g., industry, academia)

Payers to consider reimbursing selected patient segments where clear benefits of NGS
diagnostics have been demonstrated in other healthcare systems

FIGURE 2 Overview of the top six challenges and recommendations for clinical adoption of NGS-based diagnostics in Singapore

tests that cost ~5$5,000 (Supporting information Appendix V). Addi-
tionally, NGS service providers and diagnostic companies could con-
sider lowering costs through automation, bulk processing and process
optimization. Diagnostics companies should also play a role in improv-
ing patient access by lowering the price of NGS-based diagnostics or
providing financial assistance. They can also collaborate with phar-
maceutical companies to offer innovative patient access programs to
cover the cost of NGS-based diagnostics if the patient is eligible for the
identified targeted therapies.

3.2.2 | Longturnaround time

Challenge

The current turnaround time for CGP of 4 weeks in Singapore is
too long, resulting in some clinicians opting for single-biomarker tests
instead of CGP for faster results. For patients with advanced cancers
that would benefit from NGS-based diagnostics, such as stage I11/1V
NSCLC patients, quicker turnaround times are essential as a month-
long wait for test results is substantial for a patient whose expected
survival is less than 12 months.

Recommendations

To enable timely access to treatments, the expert panel recommends
that the turnaround time for NGS-based diagnostics be reduced to
2 weeks. This includes the time it takes for pathology labs to pro-
cess samples (~1 week) and for service providers to run the analysis

(~1 week). Service providers could consider setting up regional hubs
in Asia-Pacific to speed up sample transit times and improve coordi-
nation with local healthcare institutions. Service providers could thus
meet a growing demand for genomic sequencing in Asia-Pacific, which
accounts for nearly 50% of global cancer cases.*? With the support
of Singapore’s Economic Development Board (EDB), service providers
could consider making Singapore the regional hub for such testing ser-

vices.

3.2.3 | Lack of local guidelines and recommendations

Challenges

The limited adoption of NGS-based diagnostics among oncologists in
Singapore is also attributed to the lack of clinical guidelines and rec-
ommendations from local or regional clinical oncology organizations
on which cancer indications will benefit. Despite published clinical evi-
dence demonstrating the ability of NGS-based diagnostics to help pre-
dict improved survival benefits of targeted therapy and chemotherapy
for NSCLC, CRC and ovarian cancer patients, clinical adoption varies
significantly among clinicians in Singapore in the absence of clear
guidelines on which cancer indications are likely to benefit.2-7 This
results in longer time to treatment for patients who receive sequen-
tial single-biomarker tests as per current clinical practice, and potential
accumulation of overall diagnostics and treatment costs for patients

receiving nontargeted treatment regimens.
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Recommendations
The panel has identified cancer indications for which NGS-based
diagnostics have shown high clinical utility. Specifically, upfront use
of hotspot panels can help to predict survival benefits (OS and PFS)
with targeted treatment in patients with advanced NSCLC, CRC and
ovarian cancers, and also help to identify better prognosis in specific
patient populations with AML.2-8

In view of the limited guidelines and recommendations to guide
local clinical practice, the expert panel recommends that local oncol-
ogy and hematology societies, as well as academic bodies, craft clear
and detailed guidelines. For example, the following clinical use cases
could be considered for NGS-based diagnostics (Supporting informa-

tion Appendix IV):

e Hotspot panel: Upfront use for advanced NSCLC, metastatic CRC,
advanced and recurrent ovarian cancer and AML.

e CGP: Subsequent use in advanced NSCLC, metastatic CRC,
advanced and recurrent ovarian cancer for patients who have failed
multiple therapies and who may be eligible for available clinical trials
in Singapore. CGP can also be used upfront in selected patients with
advanced NSCLC and selected patients with advanced primary and
recurrent ovarian cancer.

As actionable mutations are dependent on the number of targeted
therapeutics and clinical trials available in Singapore, the clinical utility
of NGS-based diagnostics will continue to increase as these two factors

improve over time.

3.2.4 | Insufficient education of the clinical community

Challenges

As advancements in the field of NGS-based diagnostics are evolving
very quickly, the general community of healthcare professionals (e.g.,
doctors, nurses, genetic counsellors) do not receive sufficient ongoing
education on these tests in their clinical practice or in continuing
medical education (CME) programmes. This limits their awareness
and consequently their understanding and adoption of these tests in

clinical practice.

Recommendations

The panel recommends that education of the clinical community focus
onincorporating NGS-based diagnostics into routine clinical workflow,
and by integrating genomics into CME programmes. Singapore Medi-
cal Council could include short courses and seminars in CME that edu-
cate healthcare professionals on the clinical utility and limitations of
NGS-based diagnostics, as well as interpretation of results and patient
communication. For medical trainees, this could be included in the
medical school curriculum. To increase awareness and product knowl-
edge, service providers and diagnostic companies should also provide
on-demand training for first-time users (e.g., workshops, online portal
for easy access to training, triggering of online training modules when
ordering a test for the first time via electronic medical records).

3.2.5 | Insufficient education of patients

Challenges

Patients who lack understanding of NGS-based diagnostics may
demand unnecessary tests or expect NGS-based diagnostics to aid in
highly efficacious treatment. If treatment strategies do not work as
expected, patients may lose their trust in the test results and their
clinicians’ decisions. Decreased patient trust in NGS-based diagnostics
may lead to lower adoption by clinicians. Hence, it is important for
patients to be educated on the limitations of NGS-based diagnostics
to manage their expectations.

Recommendations

The panel recommends that healthcare practitioners make conscious
efforts to educate patients and their families to improve their under-
standing of the recommended NGS-based diagnostic tests, expected
turnaround times and interpretation of test results. Clinicians and
genetic counsellors could provide patient education sessions to specify
the types of possible results and the potential for uncertainty, accord-
ing to Singapore’s clinical genetic and genomic testing standards. Ser-
vice providers or manufacturers could also promote effective patient
education by providing clinicians with communication training and
patient education materials. Healthcare institutions could also work
together with industry players to develop online resources with infor-
mation that is up-to-date and easy to understand, which would be key
to facilitate patients’ access to information and their understanding of
this sophisticated field.

3.2.6 | Lack of conclusive cost-benefit studies

Challenges

Although cost-benefit studies have supported the reimbursement
decisions of NGS-based diagnostics in other countries, similar studies
have not been conducted in Singapore. The lack of conclusive cost-
benefit studies makes it difficult for policymakers to determine the
need for funding support of NGS-based diagnostics. As a result, reim-
bursement for NGS-based diagnostics is insufficient, limiting clinical

adoption of these tests due to poor patient affordability.

Recommendations

Studies in the United States have shown that the use of NGS-based
diagnostics resulted in improved patient outcomes, minimal increase
in cost and improved benefit-to-cost ratio for selected indications such
as NSCLC.11.121543 However, in order to determine the impact of NGS-
based diagnostics for Singapore, it is important for payers to actively
generate local data on the cost-utility of NGS-based tests by analyzing
survival benefits and impact on costs to the healthcare system. Alter-
natively, payers can participate in the design of such studies conducted
by third parties (e.g., industry, academia) by providing inputs appropri-
ate to Singapore’s context. In the interim, authorities could also con-
sider reimbursing selected patient segments, such as advanced NSCLC
patients, where clear benefits from the use of NGS-based diagnostics
have been demonstrated in other healthcare systems and thus influ-

enced their reimbursement coverage.
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Although it is beyond the scope of this paper to conduct specific
cost-benefit analysis for Singapore, the expert panel urges payers to
consider generating local cost-utility data for NGS-based diagnostics
to identify high-priority cancer patient populations who will benefit
from the use of these tests early and grant better funding access for

them.

4 | DISCUSSION

To inform their recommendations, the expert panel examined several
growth areas, from the emerging role of CGP, to the reimbursement
landscape for NGS-based diagnostics in other countries, as well as the
precision oncology ecosystem in Singapore. Forward-looking views of
these key topics are discussed in this section.

4.1 | Emergingrole of CGP

In the coming years, the role for CGP will evolve as more clinical evi-
dence emerges. Although the current expert panel opinion recom-
mends upfront use of hotspot panels in the four selected cancers
(advanced NSCLC, metastatic CRC, advanced and recurrent ovarian
cancer and AML), given that hotspot panels are sufficient for detec-
tion of the <50 biomarkers associated with the limited targeted ther-
apeutics available, it is important to recognize the expanding clin-
ical value of CGP. CGP simultaneously interrogates all four of the
main classes of genomic alterations in cancer, which include inser-
tions/deletions (indels), base pair substitutions, copy number varia-
tions (CNVs) and rearrangements. Compared to hotspot panels, CGP
can detect driver alterations (especially structural alterations such as
chromosomal CNVs and complex genomic rearrangements) more com-
prehensively and at higher resolution.144

Given the more comprehensive genomic coverage, CGP can support
clinicians in making more informed molecular-guided therapy deci-
sions as more targeted therapeutics for different biomarkers become
available.#54¢ |n the near term, CGP can also support clinicians in
selecting targeted therapeutics for off-label treatment of refractory
patients based on their genomic profiles. Furthermore, the value of
CGP in detecting complex gene signatures (e.g., TMB, MSI and LOH)
and predicting survival benefits is undergoing further clinical valida-
tion, and may provide additional evidence to guide prognosis and treat-
ment decisions in a personalized manner in the near future, particularly
for combination therapies.1® Some CGP tests also capture transcrip-
tomic information, which may supplement the genomic information to
guide therapy recommendations.*” From a forward-looking perspec-
tive, CGP may also impact future clinical care through its use in the
identification of pan-tumor biomarkers such as NTRK genes and sup-
port the enrolment of patients into basket trials.

In addition, given that current diagnostic tests use the tissue biopsy
as the standard sampling approach, upfront use of CGP can play a crit-
ical role in patients with limited fresh or archival tissue samples as the
test requires less material and avoids multiple sequential testing. For
instance, 30% of NSCLC patients do not have adequate tissue samples

WiILEY—--Z

available for diagnosis using standard biomarker testing.48->0 Alterna-
tively, with increasing clinical evidence, CGP using liquid biopsy sam-
ples may also be considered as an option for these patients.>1->2
Although the relatively high costs of CGP today and limited num-
ber of targeted therapeutics have contributed to limited adoption of
CGP, the body of evidence supporting the clinical utility of CGP and the
number of targeted agents are increasing for multiple cancer types, in
addition to the four selected cancers reviewed in this paper.53-55 This
includes several other cancers with some of the highest mortality rates
in Singapore, such as liver cancer, gastric cancer, pancreatic cancer, as
well as prostate cancer in men.57-62 For pancreatic cancer in particular,
patients receiving molecularly matched therapy using CGP have shown
improved survival outcomes in a recent study, and about 8% of the pan-
creatic cancer patient population has genetic alterations with available
targeted therapies.®° Taken together, this signals an expansion in the
role that CGP can play in delivering effective cancer care for specific

indications in the future.

4.2 | Reimbursement for NGS-based diagnostics

NGS-based diagnostics for cancer patients are already reimbursed in
many countries across the globe (e.g., United States, Japan). Although
health systems in these countries are larger and may have differ-
ent payer structures compared to Singapore, the reimbursement
landscape in other countries still serve as valuable case studies that
could inform and potentially guide Singapore’s own reimbursement
decisions. Ultimately, the availability of reimbursement plans for
NGS-based diagnostics in selected advanced cancer patients remains
a key driver in increasing clinical adoption and patient access to NGS
diagnostics.

A number of countries, such as Australia, France, Japan, Korea, the
United States and the United Kingdom, provide funding mechanisms
for NGS-based diagnostics today (Table 1). These countries justified
reimbursement through a combination of published clinical evidence
for enhanced patient outcomes and expected healthcare cost savings.
The key patient outcomes that influenced reimbursement decisions
are improved survival data using NGS-based diagnostics (Supporting
information Appendix 1), though other improved clinical outcomes
include reduced adverse events and reduced time to diagnosis. Based
on micro-costing analysis and cost-effectiveness studies in specific
cancer patient populations, NGS-based diagnostics are also expected
to result in healthcare cost savings due to a reduction in the number of
diagnostics tests that would have been performed sequentially, as well
as decreased use of more expensive nontargeted therapies.11:12.15:43

For example, the US Centers for Medicare & Medicaid Services
(CMS) and Japan’s Ministry of Health, Labour and Welfare (MHLW)
provide reimbursement for both hotspot panels and CGP up to
US$3,500 per test (Table 1). In the United States, test reimbursement
and funding is dependent on proven clinical utility in clinical trials,
whereas in Japan, reimbursement is dependent on the test’s clinical
effectiveness compared to other reimbursed tests.>¢

With reference to the reimbursement practices in other countries
and evidence of the clinical utility of NGS-based diagnostics in selected
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TABLE 1 Regulatory framework and reimbursement options of NGS-based diagnostics across different countries

TANET AL.

Country Regulatory framework Hotspot panel CGP Reimbursed amount

United States e The FDA regulates NGS-based diagnostics as a class |1 v v Up to US$3,500 per test for
device requiring 510(k) submission/premarket advanced cancer
notification (PMN) or class Il device via premarket diagnostics
authorization (PMA)

e Most companion diagnostics (CDx) are class IlI devices
requiring PMA and clinical data showing safety and
efficacy

United Kingdom o MHRA expects to follow the new EU IVDR framework v v Full reimbursement,

e NGS-based diagnostics are considered class C devices estimated around US$500
requiring a CE mark; without predicate, clinical data per test
showing safety and efficacy is required

France e Under the new EU IVDR framework NGS-based v Full reimbursement,
diagnostics are expected to be regulated as Class C estimated around US$700
devices requiring a CE mark; without predicate, clinical per test
data showing safety and efficacy is required

Australia o Under the proposed TGA framework, NGS-based v v Not specified, will be based
diagnostics are expected to be regulated as Class Il| on cost-effectiveness as
IVDs (similar to CDx); the proposal also calls for evaluated by MSAC
mandatory audits and inclusion in the Australian
Register of Therapeutic Goods (ARTG)

Japan o PMDA regulates NGS-based diagnostics as class Il or |11 v v Up to 70% reimbursement,
medical devices; clinical performance of CGP test is estimated up to around
evaluated by expert panel and clinical utility established ~US$4,000 per test
through implementation

Korea e MFDS regulates NGS-based diagnostics as class Il or I11 v v Up to 80% reimbursement
devices, similar to the US FDA; most IVDs require expected if included in
additional testing to Korean product standards; MoHW reimbursed list

Singapore e HSA's draft guidance regulates NGS-based diagnostics v v Limited to around US$430 in

as IVDs, and the draft will be updated after consultation
and feedback from stakeholders in 2H2019

Documentation of methods, data analysis, preclinical
studies and clinical studies are required, as well as
evidence-based assessment to justify gene inclusion

MediSave for all cancer
diagnostics, though the
amount is insufficient as
imaging and other
diagnostics often exhaust
this expenditure cap

FDA, U.S. Food and Drug Administration; MHRA, UK Medicines and Healthcare products Regulatory Agency; IVDR, European In Vitro Diagnostic Regulation;
CE, Symbol of free marketability within European Economic Area; TGA, Australia Therapeutic Goods Administration; MSAC, Australia Medical Services
Advisory Committee; IVD, in vitro diagnostic; PMDA, Japan Pharmaceuticals and Medical Devices Agency; MFDS, Korea Ministry of Food and Drug Safety;
MoHW, Korea Ministry of Health and Welfare; Class | medical devices, low-to-moderate risk (most do not require regulatory approval); class Il medical
devices, moderate-to-high risk (some require product testing/clinical data); class |1l medical devices: high risk (most require clinical trials).

patient populations, Singapore should consider providing reimburse-
ment for NGS-based diagnostics in these patient populations, or grant
increased coverage by MediSave or MediShield Life. For both patients
and payers, this would mean a shorter time to targeted treatment,
reduced subsequent cost of care, and reduced costs of unnecessary
treatment as only eligible patients predicted to respond will be given
targeted therapies. With clearly defined biomarkers identified in the
NGS-based diagnostics test reports, both public and private (e.g.,
insurance) payers will be able to validate patients’ claims for eligible

diagnostics and drugs more efficiently.

4.3 | The present and future of Singapore’s precision
oncology ecosystem

Although clinical adoption of NGS-based diagnostics is low, Singa-
pore’s precision oncology ecosystem has done well in several other
areas. Nation-wide initiatives such as the Singapore Translational

Cancer Consortium (STCC) have been established to lead precision
oncology efforts to improve care for cancer patients, and leverage on
established data infrastructure such as the Health Data Grid. In addi-
tion, Singapore has short regulatory approval timelines typically under
1 year, accounting for the many targeted therapeutics and diagnostics
being made commercially-available in Singapore. Singapore’s Health
Sciences Authority (HSA) is also working on a draft guidance for NGS-
based diagnostics as of mid-2019, which will enable better regulation
and quality control of NGS-based diagnostics here. Furthermore,
Singapore has unique reimbursement flexibility that enables better
patient access to targeted treatments compared to other countries,
as the national basic health insurance plan MediShield Life allows
coverage of off-label use of targeted therapeutics in oncology when
there is a lack of existing options.

To further improve the precision oncology ecosystem in Singapore,
there will be a need to increase the availability and access to targeted
treatments. Given the limited number of targeted therapeutics avail-
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able globally, increased research is needed to identify more targeted
agents. By investing more in clinical research, Singapore could play a
significant role inidentifying new targeted therapeutics for biomarkers
specific to the Asian or Singaporean population. Reimbursement limits
for cancer treatments in Singapore should also be reviewed periodi-
cally to determine if patients are able to access the care needed, tak-
ing into account the clinical utility and value provided by the targeted
treatments.

In planning for the future, Singapore should consider a value-based
approach in healthcare delivery. Presently, healthcare delivery for can-
cer patients is often a one-way street from diagnosis to treatment.
A better healthcare delivery model would encompass a continuous
feedback loop, where real world data generated from the diagno-
sis and treatment of cancer patients is used to identify better treat-
ment options for subsequent cancer patients. This model has been
increasingly adopted in systems around the world such as Intermoun-
tain Healthcare in the United States and multiple cancer centers in
Japan. The proliferation of value-based healthcare is changing the way
physicians and hospitals provide care. New healthcare delivery models
stress a team-oriented approach to patient care and sharing of patient
data so that care pipelines are coordinated and outcomes can be mea-
sured easily. In adopting this healthcare delivery model, Singapore will
be able to continuously improve and thus deliver cancer care more
effectively in the coming years.

5 | CONCLUSION

In this era of genomic medicine, rapid research developments and
innovative clinical advancements in oncology have helped to transform
the understanding of tumor biology and cancer therapy for individual
patients. As clinicians, we should change the way we think about
cancer management for our patients and keep pace with the develop-
ments. The clinical utility and cost-benefit of NGS-based diagnostics
have been demonstrated in numerous studies and widely adopted in
countries that are moving ahead in precision oncology efforts. In Sin-
gapore, wider adoption of NGS-based diagnostics will improve patient
outcomes for specific cancer patient populations, such as in advanced
NSCLC, metastatic CRC, advanced and recurrent ovarian cancer and
AML patients. The panel’s guidance of upfront and subsequent use of
NGS-based diagnostics for the recommended clinical use cases involv-
ing the four cancer types provide a starting point to guide clinicians
in their choice of advanced molecular diagnostics. With the increased
adoption of NGS, the disease burden for specific cancer patients is
expected to decrease, bringing more value to both payers and patients
due to overall improvements in outcomes. It is therefore worth review-
ing the current funding mechanisms for cancer diagnostics (e.g., MediS-
ave, MediShield Life, private insurance) to improve patient access.
Increased clinical usage of NGS-based diagnostics will strengthen the
growth of the precision medicine ecosystem in Singapore, as genomic
data obtained from NGS test results will enhance delivery of precision
oncology to patients, support value-based healthcare, broaden cancer

research and innovative drug discovery. Given the Singapore ecosys-

WILEY--2

tem is comparatively small, there is a greater potential for a whole-of-
nation effort to drive precision oncology delivery. National initiatives,
such as the STCC and the National Precision Medicine Programme,
are taking steps in the right direction to increase collaboration among
all stakeholders involved in delivery of this key service. Finally, while
the recommendations here are targeted for Singapore and provided
by clinical experts in Singapore, most of the key constraints and
lessons are broadly relevant to other Asia-Pacific countries, and could
guide further discussion to improve value-based healthcare in this

region.
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