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BACKGROUND
High throughput DNA sequencing (also known as next-generation sequencing; NGS) allows for the tailoring of therapeutic
strategies to the particular genetic profile of different medical conditions, including various cancer types.

Very recently, the European Society for Medical Oncology (ESMO) recommended the routine use of NGS in advanced non-
squamous non-small-cell lung cancer (NSCLC), prostate cancers, ovarian cancers, and cholangiocarcinomas. Furthermore,
ESMO recommends testing tumour mutation burden (TMB) in well- and moderately-differentiated neuroendocrine tumours
(NETs), cervical salivary, thyroid and vuvlar cancers.

NGS allows for comprehensive genetic profiling that can guide clinicians to choose more appropriate, targeted (and less toxic)
pharmaceutical solutions. NGS also provides clinically relevant information regardless of tumour location. Moreover, some
intractable tumour types respond well to targeted therapies commonly used for tumours orginating from different locations.

In this poster, we investigate the clinical impact of NGS and its cost-effectiveness.



21.12.2020 г. ispor (iPosterSessions - an aMuze! Interactive system)

https://europe2020-ispor.ipostersessions.com/Default.aspx?s=F0-4D-B2-EB-1B-7B-54-CB-42-BD-90-66-DA-18-95-6B&pdfprint=true&guestview… 3/16

AIM AND METHODS
The objective of this review was to summarize the evidence regarding NGS efficacy, while also investigating and collating the
cost-effectiveness studies of NGS in the field of cancer research. NGS was also analyzed in terms of subsequent treatment
strategy.

Articles relevant to the objectives were chosen through key terms such as cancer/malignancy, next generation sequencing, high-throughput sequencing, and cost/cost-benefit/cost-

effectiveness analysis, ICER, single panel, multipanel, and hotspot. Costs included direct and indirect costs of the sequencing methods, and downstream costs such as treatment

costs. The review was based on the incremental cost-effectiveness ratio (ICER). Databases were screened for research articles with European data evaluating the cost-effectiveness

of NGS. Due to the rapid development of sequencing technology, our cost-effectiveness search was limited to articles that were published in the last five years (since 2015).
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EFFICACY OF NGS
NGS detects clinically important genetic mutations and aberrations, while also benefiting patients in terms of health outcomes.

NGS is a sensitive and valid tool for genomic profiling

Frampton et al. (2013) investigated 2,221 formalin-fixed and paraffin-embedded (FFPE) cancer specimens. NGS was found to be
both a sensitive and a valid tool for investigating cancer mutations, while also producing reproducible results.

Concordance between NGS and four alternative diagnostic technologies (Sequenom mass spectrometry, gel sizing, fluorescent in
situ hybridization [FISH], and/or immunohistochemistry [IHC]) was investigated by Frampton et al. (2013) by blinded
comparisons (the total number of cancer specimens for all of these comparisons was 249).

Concordance with clinical testing on FFPE specimens (Frampton et al., 2013)

Summary of concordance between NGS, FISH, and IHC across four genes (Frampton et al., 2013)
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The authors conclude that NGS can be as accurate as other tests, while also interrogating in a parallel fashion much more
relevant genes.

According to Beck et al. (2016) there is no need for NGS to be double-checked by classic Sanger sequencing. Moreover, the
authors find that Sanger sequencing is more likely to miss a true-positive result obtained by NGS than to prove false-positivity of
a result suggested by NGS

NGS is sensitive at detecting actionable alterations

Frampton et al. (2013) also found that the average number of clinically actionable mutation per sample was 1.57 (range, 0-16),
and 76% of the sample contained at least one actionable mutation. For refractory cancers, the proportion of actionable mutations
is lower but still significant ranging from 40-60% as reviewed by Qin et al. (2019)

In a clinical trial on lung adenocarcinomas conducted by Drilon et al. (2015), broad, hybrid-capture NGS detected actionable
mutations in 11 genes in 26% (8 out of 31) patients who previously tested negative.

In a clinical trial on NSCLC conducted by Ali et al. (2016), NGS detected ALK rearrangements in 35% (11 out of 20) of the
patients who tested negative for ALK using FISH. Nine of these 11 patients received crizotinib based on this hybrid-
capture comprehensive genomic profiling (CGP), and close to 80% (7 out of 9) of them responded to the treatment, achieving a
response with a median duration of 17 months.

In a retrospective study on lung cancer conducted by Rozenblum et al. (2017), half of the included 101 patients were determined
to have clinically actionable mutations. Notably, actionable mutations were found in 15 patients who previously tested negative
for EGFR/ALK alterations. Treatment was changed for 42.6% (43 out of 101) patients, resulting in an overall response rate of
65%. The authors consider the results impressive, especially in the context of first-line treatment failure in almost half (21 out of
43) of the patients.

NGS improves outcomes by ensuring higher matching of therapy to genetic abberations of tumours

In a non-blinded study on various advanced malignancies conducted by Wheler et al. (2016), 122 patients received matched
therapy and 66 patients received unmatched therapy after NGS comprehensive genome profiling. The only blinding was that of
the reviewer who assessed the matching of the treatment to the presence of aberrations. Ten of the matched patients were
matched based on non-CGP markers (ER-possitive, HER2-amplification by FISH, c-MET positivity by IHC).

According to the univariate analysis, only fewer prior therapies and high (versus low) degree of matching a significantly
associated with stable diseases for at least 6 months. High versus low matching has a trend towards improved OS.



21.12.2020 г. ispor (iPosterSessions - an aMuze! Interactive system)

https://europe2020-ispor.ipostersessions.com/Default.aspx?s=F0-4D-B2-EB-1B-7B-54-CB-42-BD-90-66-DA-18-95-6B&pdfprint=true&guestview… 6/16

Kaplan–Meier curves of 188 patients for TTF2 (on treatment) and OS. A, TTF2 (time-to-treatment failure of therapy on study) of patients by type of therapy (matched vs.

unmatched). B, OS of patients by type of therapy (matched vs. unmatched). C, TTF2 of patients by scoring system (Matching Score ≤0.18 vs. >0.18. D, OS of patients by scoring

system (Matching Score ≤0.18 vs. >0.18). E, TTF2 of patients by scoring system [Matching Score 0 vs. >0 ≤ 0.25 (median of those over 0) vs. >0.25]. F, OS of patients by scoring

system (Matching Score 0 vs. >0 ≤ 0.25 vs. >0.25). Scoring gave 1 point for direct matches and 1 point for indirect matches. (Wheler et al. 2016)

Importantly, multivariate analysis found that high versus low matching led to significantly improved levels of stable disease for
at least 6 months, longer time to time-to-treatment failure (TTF) and overall survival (OS).

NGS can significantly improve the treatment of cancers REGARDLESS of histology (evidence from basket trials)
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Basket trials are part of a novel clinical paradigm that focuses on the genotype of tumours rather than the location/histology of
the particular tumour. One of the advantages of basket trials is that they allow for the pooling of genotypically similar tumours
with (rare and) different histologies.

As an example TRK translocations, which are observed in less than 1% of cancers and in different cancer types, can be
considered. Drillon et al. (2018) found in a single-arm basket trial with 55 patients that the overall response rate of TRK fusion-
positive tumor types (identified by NGS or FISH) to larotrectinib was either 75% or 80% (depending on the assessor), and in
71% of the patients the response lasted at least a year, while 55% of the patients were progression-free.

One patient (asterisk) had a tropomyosin receptor kinase (TRK) solvent front resistance mutation (NTRK3 G623R) at baseline owing to previous therapy. One patient (dagger) had a

pathological complete response. Data for 1 patient are not shown; the patient had clinical deterioration and no tumour measurements after baseline were recorded. GIST denotes

gastro‑ intestinal stromal tumour, and IFS infantile fibrosarcoma. (Drilon et al., 2018)

Basket trials powered by NGS can also improve treatment of intractable cancers

Therapy of difficult-to-treat (also known as intractable/refractory) cancers can also be targeted with the improved diagnostics
offered by NGS.

As reviewed by Qin et al. (2019), patients with intractable cancers may benefit from NGS.

For instance, in a basket trial on HER2, BRAF, Hedgehog, or EGFR mutated cancers, Hainsworth et al. (2018) found that the
objective response rate (ORR) after trastuzumab+pertuzumab treatment for HER2-overexpressing cancers was 26% with such a
salivary gland cancer receiving the largest benefit (80%), followed by these HER2-overexpressing cancers: colorectal cancer
(38%), bladder cancer (33%), biliary cancer (29%), pancreatic cancer (22%), ovary cancer (13%), and other cancers (13%).

Notably, the targeted therapy for the HER2-overexpressing colorectal cancers resulted in an ORR of 38% with a duration of
response (DOR) of 11 months, which compares favourably to the response rates of other drugs approved for refractory colorectal
cancer.
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COST-EFFECTIVENESS OF NGS
In this poster, information on the cost-effectiveness from selected studies was provided. The analysis was based on the
incremental cost-effectiveness ratio (ICER).

Evidence for cost-effectiveness of NGS in finding additional patients for targeted therapy

In another recent study, Tan et al. (2020) investigated an EGFR mutant predominant Asian population of patients with NSCLC.
The authors compared three NGS strategies (Singleplex: standard EGFR testing followed by NGS and PD-L1 IHC in patients
that test negative; Multiplex: standard molecular profiling followed by NGS and PD-L1 IHC in patients that test negative; and
NGS only: NGS and PD-L1) to standard assays in Singapore (Sanger sequencing or RT-PCR for EGFR and FISH panel for other
somatic alterations). For the NGS data, archival FFPE samples were used to generate data that covered hotspot mutations of 29
genes.

Standard molecular testing had an expected cost of SGD 2224.6 per patient. The relevant outcome was expressed as the
percentage of additional patients eligible for therapy. Singleplex dominated the standard molecular testing with an additional cost
of SG$ -755 and a 4% increase in number of newly diagnosed patients. NGS only only has an ICER of SGD 110/%increase
compared to Singleplex (as NGS costs SGD 110 more but offers a 1% increase). Multiplex was the most expensive strategy
(SGD 1043 more compared to NGS only) but offers a 4% increase, leading to an ICER of SG$261 compared to NGS only. It is
worth noting that both Singleplex and Multiplex testing have a potential time to result of up to 25 days, whereas NGS only brings
results to up to 10 days.

Evidence for the cost-effectiveness of NGS-based personalized cancer therapy

Li et al. (2015) compared an NGS panel of 34 cancer-relevant genes with a single site BRAF V600 mutation test in the context of
metastatic melanoma. According to their model, the single-site test led to a cost for the payers amounting to USD 128,965, while
the NGS panel led to USD 120,022 per patient. NGS saves USD 8943 per patient. The quality-adjusted life-years (QALYs)
were higher in the NGS panel (0.721) compared to the single-site test (0.704). The incremental effect (years/patient) was 0.0174
for the gene sequencing panel at a lower cost, making the gene sequencing panel dominant in terms of ICER. An NGS strategy
was estimated by the authors to save USD 79.6 million and result in 155 QALYs gained. Uncertainty modeling suggests that the
NGS panel has a 90.9% probability of being dominant.

NGS was shown to be dominant in Brazil by Ho et al. (2019) who found that NGS is a dominant alternative to ctDNA EGFR
testing used for evaluations of patients with metastatic NSCLC who lack tissue material for oncomutation evaluation. NGS had
an improved ICER regarding progression-free survival (PFS) compared to ctDNA if EGFR and ALK therapies are incorporated
(current state) in the Brazilian Private Healthcare System (SSS) (ICER=BRL -15,595.77), EGFR, ALK, and ROS1 therapies are
incorporated (ICER=BRL -21,399.29), and EGFR, ALK, ROS1, and BRAF therapies are incorporated (ICER=BRL -18,006.42).
The savings are generated by lower use of pembrolizumab+chemotherapy.

Evidence against the cost-effectiveness of NGS-based personalized cancer therapy

Wallbillich et al. (2016) compared standard-of-care (SOC) cytotoxic chemotherapy with genomic-based targeted therapy in the
context of platinum-resistant ovarian cancer. SOC led to a mean cost of USD 74,926 per patient and 0.68 QALYs, while NGS led
to a mean cost USD 90,271 of 0.71 QALYs. The NGS strategy led to an ICER of USD 479,303/QALY compared to SOC, vastly
exceeding the willingness-to-pay threshold (WTP) of USD 50,000-USD 100,000 for the United States. However, it is important
to note that even if genomic testing was assumed to be free, NGS led to an ICER of USD 373,101. Sensitivity analysis shows
that the NGS approach in this study is highly dependent on the price of the applied therapy. If the targeted price was priced
<USD 5000 per cycle, the genomic approach dominated SOC. Only at costs for the targeted therapy of >USD 6,400 the genomic
approach certainly became not cost-effective. The authors conclude that a reduction of 44% in targeted therapy costs may have
made the NGS approach potentially cost-effective.

Targeted therapy compared to unmatched therapy may results in as much as doubled costs due to larger monthly costs and longer
duration of therapy (as described by Chawla et al., 2018 in the context of diverse refractory cancers).
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Comparison of total drug treatment costs between matched and unmatched therapy. (A) All lines. (B) Patients with one to three lines of prior therapy. (C) Patients with four or more

lines of prior therapy. (Chawla et al., 2018)

Doble et al. (2017) compared multiplex targeted sequencing (MTS; a variant of NGS) to no further testing with chemotherapy or
no further testing with best supportive care (BSC) in the context of fourth-line treatment of metastatic lung adenocarcinoma.
MTS was estimated to have a cost of AUD 193,832, while chemotherapy had a cost of AUD 190,019, and BSC had a cost of
AUD 189,529. Life-years (LYs) gained for MTS were calculated as 1.466, while chemotherapy and BSC were estimated
at 1.458. Thus, chemotherapy is dominated by BSC (higher cost at equivalent effectiveness). MTS compared to BSC led to an
ICER of AUD 485,199. In the case of QALYs, chemotherapy was estimated to produce 0.001 QALYs more than BSC, leading to
an ICER of AUD 361,580/QALY. MTS produced 0.008 more QALYs than chemotherapy, resulting an ICER of AUD
489,338/QALY. Interestingly, sensitivity analysis revealed that health state utility values, mortality rates, and number of
hospitalizations had the greatest impact on the results, and not treatment costs.

In a recent study, Shluckebier et al. (2020) found that NGS (from the payer's perspective of private insurance in Brazil) led to an
additional benefit of 24% of correctly diagnosed cases placing it as the most. Moreover, NGS led to a correct diagnosis in 96.3%
of cases. However, NGS had an ICER (cost per true cases detected) of USD 3479.11 compared to RT-PCR of EGFR and
concurrent FISH on ALK and ROS1. RT-PCR and FISH had an ICER of USD 961.46 compared to sequential RT-PCR testing of
EGFR, ALK, and ROS1. Sequential RT-PCR had an ICER of USD 1480.75 compared to no testing (which is note recommended).
Despite its accuracy in diagnosis NGS, according to Shluckerbrier, has little benefit of survival when treatment is considered.
NGS led to around USD 214,000 per QALY gained which is above a WTP of USD 150,000.

Shluckebier et al. (2020) concluded in their study that NGS is not cost-effective or cost-saving in Brazilian private health
insurance despite its undeniable ability to detect clinically relevant mutations. On the other hand, the authors note that NGS may
become cost-effective in the future with the appearance of therapies targeting more genomic abberations.

Future challenges in HTA assessment of histology independent cancer drugs (problems with basket trials)

NGS has inadvertently added a separate issue to HTA, which is related to the basket trials that may revolutionize the treatment of
genetically similar tumours with different histologies.
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Genotype-specific drugs can benefit patients with such mutations. However, the novel basket trials made possible by NGS come
with inherent problems.

As discussed by Cooper et al. (2020) such mutations often have a low prevalence, which makes randomised controlled trials
difficult to make, thus, hindering health technology assessments (HTAs) of histology independent pharmaceuticals. Moreover,
basket trials that investigate such pharmaceuticals have patients with varied demographic characteristics, but not enough
statistical power for subgroup analysis. These trials also rely on the surrogate endpoint of ORR. All of these issues are not
compatible with current HTA processes.

In response to Cooper et al. (2020), Ollendorf (2020) highlights that HTA bodies should not be more lenient and should require
additional analysis (such as expected distributions from known mutation prevalence data rather than trial distribution) or should
take into consideration evidence only if correlations to preffered outcomes are well-established.
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OVERVIEW OF RESULTS
Efficacy

NGS is a sensitive, valid, and reproducible tool for investigating cancer mutations. NGS can guide therapeutic approaches by
identifying actionable mutations. Comprehensive genetic profiling (CGP) made possible by NGS allows for better matched
therapy to genetic abberations, which improves health outcomes of cancer patients. NGS paves the way to genotype-specific
treatment that is useful for small oncological populations, including those with intractable cancers.

Cost-effectiveness

NGS is undeniably a rapid diagnostic tool and the best sequencing approach for both identification of clinically relevant
mutations and the choice of targeted therapies. However, cost-effectiveness of NGS is debatable with some authors lauding NGS,
while others remain unconvinced by NGS's cost-effectiveness. Most authors, however, agree that the sequencing technology will
probably become cheaper. When NGS cost-effectiveness is related to subsequent treatment, a reduction of the costs of targeted
therapies may play a much more significant role than the reduction of the NGS's costs. It is worth noting that, cost-effectiveness
varies widely in different countries.

New problems

With the advent of basket trials, HTA appraisals may become more difficult as data moves away from the standard RCT.
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CONCLUSION
NGS produces better clinical results due to the improved targeting of therapies. However, the costs
of NGS vary in different countries, and there is a growing need for economic analyses that
facilitate decision-making processes regarding the use of diagnostic tools. Moreover, the varying
costs of treatments across countries warrant local economic analyses of NGS in conjunction with
targeted treatment.
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ABSTRACT
Objectives: The objective of this review was to summarize the evidence regarding NGS efficacy, while also investigating and
collating the cost-effectiveness studies of NGS in the field of cancer research. NGS was also analyzed in terms of subsequent
treatment strategy.

Methods: Articles relevant to the objectives were chosen through key terms such as cancer/malignancy, next generation
sequencing, high-throughput sequencing, and cost/cost-benefit/cost-effectiveness analysis, ICER, single panel, multipanel, and
hotspot. Costs included direct costs and treatment costs. The review was based on the incremental cost-effectiveness ratio
(ICER). Due to the rapid development of sequencing technology, our cost-effectiveness search was limited to articles that were
published in the last five years (since 2015).

Results: The data regarding NGS and subsequent treatment cost-effectiveness is limited and conflicting with some studies
showing that NGS is cost-effective, while others reveal the opposite. Reported ICER in terms of NGS followed by targeted
therapy is not affected much by sequencing costs and is affected by treatment choice and benefit instead.

Conclusion: NGS produces better clinical results due to the improved targeting of therapies. However, the costs of NGS vary in
different countries, and there is a growing need for economic analysis that facilitates decision-making processes regarding the
use of diagnostic tools. Moreover, the varying costs of treatments across countries warrant local economic analyses of NGS in
conjunction with targeted treatment.
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