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PURPOSE The aim of this study was to assess the cost-effectiveness of using next-generation sequencing (NGS)
versus single-gene testing (SgT) for the detection of genetic molecular subtypes and oncogenic markers in
patients with advanced non-small-cell lung cancer (NSCLC) in the setting of Spanish reference centers.

METHODS A joint model combining decision tree with partitioned survival models was developed. A two-round
consensus panel was performed to describe clinical practice of Spanish reference centers, providing data on
testing rate, prevalence of alterations, turnaround times, and treatment pathways. Treatment efficacy data and
utility values were obtained from the literature. Only direct costs (euros, 2022), obtained from Spanish da-
tabases, were included. A lifetime horizon was considered, so a 3% discount rate for future costs and outcomes
was considered. Both deterministic and probabilistic sensitivity analyses were performed to assess uncertainty.

RESULTS A target population of 9,734 patients with advanced NSCLC was estimated. If NGS was used instead of
SgT, 1,873 more alterations would be detected and 82 more patients could potentially be enrolled in clinical
trials. In the long term, using NGS would provide 1,188 additional quality-adjusted life-years (QALYs) in the
target population compared with SgT. On the other hand, the incremental cost of NGS versus SgT in the target
population was €21,048,580 euros for a lifetime horizon (€1,333,288 for diagnosis phase only). The obtained
incremental cost-utility ratios were €25,895 per QALY gained, below the standard cost-effectiveness thresholds.

CONCLUSION Using NGS in Spanish reference centers for the molecular diagnosis of patients with metastatic
NSCLC would be a cost-effective strategy over SgT.

JCO Precis Oncol 7:e2200546. © 2023 by American Society of Clinical Oncology
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INTRODUCTION

Advances in biomarkers, targeted therapies (TTs),
and immuno-oncology have transformed the clinical
management of patients with advanced non-small-cell

The use of small molecular tyrosine kinase inhibitors
and immunotherapy has led to unprecedented sur-
vival benefits in selected patients with NSCLC.® With
that known, the main goal in the clinical management

lung cancer (NSCLC).! Currently, there are highly
effective TTs against mutations in oncogenic drivers
such as the exon 20 insertions epidermal growth factor
receptor gene (EGFR), anaplastic lymphoma receptor
kinase gene (ALK), ROS proto-oncogene 1 (ROSI),
B-Raf proto-oncogene (BRAF), neurotrophic tyrosine
kinase gene (NTRK), or mesenchymal-epithelial
transition (MET). In addition, investigational therapies
for Kirsten rat sarcoma viral oncogene (KRAS) and
human epidermal growth factor receptor 2 (HER2)
mutations have shown promising results.**

of lung cancer is to individualize the most effective
course of treatment for a patient as different drugs are
available and can be used in combination or se-
quentially to overcome resistance mechanisms.®

Consequently, the European Society for Medical On-
cology recommends the routine use of next-generation
sequencing (NGS) technology to identify tumor samples
in advanced nonsquamous NSCLC, prostate cancers,
ovarian cancers, and cholangiocarcinoma.” This tech-
nique has already been included in the latest updates of
the National Consensus guidelines of the Spanish
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CONTEXT

Key Objective

Next-generation sequencing (NGS) is being widely used for the molecular diagnosis of cancer, substituting the sequential
single-gene detection. It is a costly technology, and its implementation is not widespread in Spain. To our knowledge, our
study is the first to evaluate the efficiency of using NGS in diagnosing patients with non—small-cell lung cancer (NSCLC)
from the perspective of Spanish reference centers.

Knowledge Generated

NGS is a cost-effective strategy compared with single-gene testing (SgT) in the molecular diagnosis of patients with metastatic
NSCLC. More targetable genomic alterations could be detected by NGS, and therefore, more patients could potentially be
treated with targeted therapies or enrolled in specific clinical trials.

Relevance

Our findings suggest that adopting NGS in Spanish reference centers for diagnosis of patients with NSCLC would be a cost-
effective strategy over SgT.

Society of Pathology and the Spanish Society of Medical
Oncology (SEOM).2

NGS can either be directed toward the whole genome or
exome of the patient (comprehensive NGS panel) or toward
specific genes through a predetermined gene panel (tar-
geted NGS panel). The last one represents a choice for daily
clinical practice: providing faster results, lower cost, and
higher sensitivity with lower detection thresholds.® Given
the relatively recent development of NGS, there is limited
evidence regarding the economics of using NGS compared
with other testing strategies in real-world clinical practice.*®
To generate evidence on this topic, a cost-effectiveness
analysis was recently performed comparing NGS versus
single sequential testing in the molecular assessment of
advanced NSCLC, using a center in southern Spain as a
pilot. The results of this pilot analysis showed that using
NGS provides significant benefits in terms of alterations
detected, treatment with TTs, and clinical trial enrollment.*!

The aim of this study is to assess the cost-effectiveness of
using the NGS panel versus single-gene testing (SgT), in
both the short and long term, for the detection of genetic
molecular subtypes and oncogenic markers in patients with
advanced NSCLC, in the setting of Spanish reference
centers.

METHODS
Model Structure and Data Collection

Using a previous model from the pilot analysist! as a starting
point, a joint model combining a decision tree model with
partitioned survival models (PSMs) was developed.

The decision tree model covers the diagnostic phase since
the patient is diagnosed with  NSCLC and molecular
analysis is required, until the results of the patient's
molecular profile are obtained. On the basis of these di-
agnostic results, treatment is assigned, and PSMs are used
to assess long-term cost and health consequences.
Through this joint model, NGS was compared versus SgT

2 © 2023 by American Society of Clinical Oncology

where EGFR, ALK, and ROSI are determined individually
butin parallel, and after them, the rest of the biomarkers are
determined sequentially, as shown in Figure 1. Expression
of PD-L1 is assessed by immunohistochemistry in both
arms. The panel of experts agreed that this is the standard
procedure in Spanish reference centers.

The PSM uses monthly cycles, and the analysis was per-
formed using a lifetime horizon, so a 3% discount rate for
future costs and health outcomes was applied following
Spanish guidelines.'?>** The analysis was performed from
the perspective of Spanish reference centers, so only direct
medical costs were considered.

Validation and Data Collection

The model design and main assumptions were validated by a
group of experts, who also provided information on their usual
clinical practice through a two-round consensus panel. The
panel of experts was integrated by 12 Spanish clinical experts
(oncologists, pathologists, and molecular biologists) from
different reference hospitals in various Spanish regions. In the
first round, a questionnaire was used to ask the experts about
clinical aspects such as the testing rate and prevalence of the
biomarkers, turnaround times, treatment pathways, or effi-
cacy data. After the analysis of the first-round responses, all
the results were presented to the expert panel in a meeting
where consensus was reached for all the variables.

Target Population

The hypothetical cohort of patients was defined as those
newly diagnosed with advanced or metastatic NSCLC,
nonsquamous histology or squamous histology who were
never smokers, with unknown genomic alteration status.

Therefore, this target population was sized as shown in Table
S1, Data Supplement. First, according to SEOM, around
30,948 patients were diagnosed with incident lung cancer in
2022 and 85% (26,306 patients) would be NSCLC.”1* At
diagnosis, we considered that 54.50% of patients with
NSCLC are stage lIB-IV.}® Finally, only patients with
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FIG 1. Diagram of the model. ALK anaplastic lymphoma receptor kinase gene; BRAF, B-Raf proto-oncogene, serine/threonine kinase; EGFR, epidermal growth
factor receptor gene; HERZ2, human epidermal growth factor receptor 2 gene; KRAS, KRAS proto-oncogene; MET, MET proto-oncogene; NTRK, Neurotrophic
tyrosine receptor kinase gene; PSM, partitioned survival models; RET, RET proto-oncogene; ROSI1, ROS proto-oncogene 1, receptor tyrosine kinase; WT, wild-type.

nonsquamous histology and who are never smokers with
squamous NSCLC were considered.’®!” Thus, the target
population is composed of 9,734 theoretical patients with
advanced or metastatic NSCLC with nonsquamous histology
and who are never smokers with squamous tumors that
would be diagnosed and treated in 1 year.

Decision Tree Parameters

The testing rate in the SgT and the prevalence of alterations
(and PD-L1 expression) in the biomarkers included in the
analysis are the main variables in the decision tree model.
In addition, the probability of requiring a rebiopsy in the
case of tissue exhaustion, time to results, and staff costs
were variables included in the diagnostic phase repre-
sented by the decision tree model.

The testing rate, defined as the percentage in which deter-
mination is finally performed, and the positivity rate of alter-
ations in the biomarkers are shown in Table S2, Data
Supplement. The figures in Table S2, Data Supplement,
considered in the base case of the analysis are the aver-
ages obtained from the two-round consensus panel. Alter-
natively, a scenario where the perspective (reference centers)
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is broadened using testing rates reported in the Spanish
database LungPath was assessed.®

As shown in Figure 1, PD-L1 expression is determined in
parallel to both comparators (NGS and SgT), and since
PD-L1 expression can be found simultaneously with a
biomarker alteration, the model estimates the PD-L1
overexpression (TPS > 50%) in both wild-type (WT) pa-
tients and concomitantly patients with a biomarker alter-
ation. No strong associations between PD-L1 expression
and NSCLC gene mutations, beyond EGFR and KRAS, were
found in the literature.'® Therefore, overall PD-L1 over-
expression (Table S2, Data Supplement) is considered to
apply equally to WT patients and patients with any alter-
ation, except in EGFR+ patients where an odds ratio (OR) of
0.09 is applied?® and in KRASS12€ patients where an OR of
0.34 is applied.?

In line with the pilot,!! the probability of requiring a rebiopsy
because of tissue exhaustion was included in the model
following the approach described by Pennel et al'®

To calculate the time to results for both the NGS panel and
SgT, the specific time required for each diagnostic task (for
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both technicians and physicians) and the working days
required were obtained from the two-round consensus
panel (Table S3, Data Supplement).

Regarding the cost inputs for the decision tree model, the
unit cost for each single test and the cost of the NGS panel
were also obtained from the averages from the two-round
consensus panel, so they are representative of the Spanish
reference centers (Table S4, Data Supplement). In addi-
tion, to establish the cost per hour for technicians and
physicians, the gross annual salary was obtained from the
average of four Spanish Autonomous Communities.?%2°

After obtaining molecular results and PD-L1 results pro-
vided by the decision tree model, a first-line treatment is
assigned. Table 1 shows the treatment allocation obtained
from the two-round consensus panel for the following
groups of treatments: TTs, immunotherapies, chemo-
immunotherapies, enrollment in randomized clinical trials
(RCT), and no treatment.

The distribution in Table 1 represents the perspective of
reference centers and is considered representative of

TABLE 1. Treatment Allocation on the Basis of the Molecular Profile
Alteration Detected

clinical practice in Spain. It should be noted that reference
centers have a greater capacity to recruit patients for RCT,
S0 a more representative scenario of small-medium centers
where enrollment in RCT is not available is explored within
the sensitivity analysis.

PSM Parameters

PSM is commonly used in oncology since it allows long-
term extrapolation on the basis of progression-free survival
(PFS) and overall survival (OS) curves without the need for
transition probabilities.?®

In the absence of individualized patient data for all treat-
ments, it was considered to fit exponential models to
lambda parameters obtained from median PFS and OS
(Table S5, Data Supplement), in line with previous
studies.*!?”2® Therefore, cost and utilities are assigned to
PSM health states, and the proportion of patients in each
state is estimated using exponential PFS and OS curves.

The following direct costs were considered in the long-term
analysis: drug acquisition and administration costs of first-line

Types of First-Line Treatments

Biomarker ::;r:snsitl TT (%) IT (%) C-IT (%) CT (%) RCT (%) No tx (%)
EGFR Alteration only (EGFR+) 91.30 0.00 0.00 0.00 8.70 0.00
EGFR+ and PD-L1 > 50% 91.30 0.00 0.00 0.00 8.70 0.00
ALK Alteration only (ALK+) 96.70 0.00 0.00 0.00 3.30 0.00
ALK+ and PD-L1 > 50% 96.70 0.00 0.00 0.00 3.30 0.00
ROS1I Alteration only (ROS1+) 85.10 0.00 0.00 0.00 14.90 0.00
ROS1+ and PD-L1 > 50% 85.10 0.00 0.00 0.00 14.90 0.00
BRAF600%E Alteration only (BRAFY600E+) 27.80 0.00 57.80 2.90 11.10 0.40
BRAFV6%&+ and PD-L1 > 50% 16.70 42.20 28.90 0.70 11.10 0.40
NTRK 1-3 Alteration only (NTRK+) 89.50 0.00 0.00 0.00 10.50 0.00
NTRK+ and PD-L1 > 50% 89.50 0.00 0.00 0.00 10.50 0.00
HER2 Alteration only (HER2+) 7.10 0.00 50.60 22.40 17.60 2.40
HER2+y PD-L1 > 50% 6.80 40.90 27.30 9.10 13.60 2.30
MET ex14 Alteration only (MET ex14+) 49.40 0.00 28.80 4.50 12.40 4.90
MET ex14+ and PD-L1 > 50% 38.20 33.30 11.20 0.00 12.40 4.90
RET Alteration only (RET+) 52.60 0.00 15.80 0.00 31.60 0.00
RET+ and PD-L1 > 50% 52.60 13.20 2.60 0.00 31.60 0.00
KRASE12C Alteration only (KRAS®2¢+) 20.80 0.00 55.50 5.30 15.60 2.80
KRASE2¢+ and PD-L1 > 50% 7.10 49.40 22.40 0.70 17.60 2.80
WT WT and PD-L1 > 50% 0.00 64.80 16.80 1.80 11.70 4.90
WT without PD-L1 (TPS < 50%) 0.00 0.00 74.90 8.50 11.70 4.90

Abbreviations: ALK, anaplastic lymphoma receptor kinase gene; BRAF, B-Raf proto-oncogene, serine/threonine kinase; C-IT,
chemoimmunotherapy; EGFR, epidermal growth factor receptor gene; HER2, human epidermal growth factor receptor 2 gene; IT,
immunotherapy; KRAS, KRAS proto-oncogene; MET, MET proto-oncogene; NTRK, neurotrophic tyrosine receptor kinase gene; pbCT, platinum-
based chemotherapy; RCT, randomized clinical trial; RET, RET proto-oncogene; ROS1, ROS proto-oncogene 1, receptor tyrosine kinase; TT,

targeted therapy; tx, treatment; WT, wild-type.

4 © 2023 by American Society of Clinical Oncology
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treatments, treatment-related adverse events (trAEs), health
care costs associated with disease management, and drug
costs of subsequent treatments (after first-line progression).

All the drug costs are expressed as the exfactory price
considering the corresponding deductions as per Royal
Decree Law 08/2010,2°2° and vial sharing was assumed for
intravenous treatment. Industry-sponsored drugs admin-
istered in RCT entail no cost to the hospital. At the time of
the analysis, some of the treatments included were not
reimbursed in Spain, so access was available through
compassionate use or foreign medications. So, for trastu-
zumab deruxtecan and sotorasib, prices from France were
considered, for larotrectinib, German price was considered,
and for capmatinib, parity price to pralsetinib was assumed
since prices from other European countries were not found.

TrAEs of grade >3 with a frequency of >5% in the re-
spective RCT of first-line treatments were included in the
model.

Regarding the health care costs associated with disease
management, Table S6, Data Supplement, shows the
health resources consumption (for both PFS and PD health
states) obtained from the two-round consensus panel and
their unit cost obtained from the Spanish health care da-
tabase eSalud.3!

In addition, subsequent treatments (or best supportive
care) after progression to first-line treatment were con-
sidered and are detailed in Table S7, Data Supplement.

Finally, utility values for PFS and PD health states
(0.71 [0.67-0.76] and 0.67 [0.59-0.75], respectively) were
obtained from the literature.®

Sensitivity Analysis

To assess the robustness of the base case results, several
deterministic and probabilistic sensitivity analyses were
performed.

First, alternative scenarios were explored, modifying some
model assumptions or data sources:

1. National perspective including small-medium centers:
Testing rate form LungPath database and without en-
rollment in RCT

2. SgT sequence: BRAF%E is determined in parallel to
EGFR, ALK, and ROS1

3. No second-line included

In addition, a one-way sensitivity analysis was performed by
modifying the various parameters individually by =20%
with respect to the base case value.

Finally, a probabilistic sensitivity analysis (PSA) was also
performed. According to international recommendations,
1,000 simulations were run by second-order Monte Carlo
methodology, modifying the model variables simulta-
neously with a given distribution.®> Probabilities were
modified by a beta distribution. OR values obtained from
the studies by Huynh et al®® and Jeanson et al®! were
modified following a log-normal distribution. Turnaround

Alterations Detected
0 1,000 2,000 3,000 4,000 5,000 6,000
EGFR

FIG 2. Short-term results: :2;8
alterations detected in the ALK
target  population. ALK
anaplastic lymphoma rece-
ptor kinase gene; BRAF, ROST
B-Raf proto-oncogene,
serine/threonine kinase; BRAF V600E
EGFR, epidermal growth
factor receptor gene; HERZ, NTRK
human epidermal growth
factor receptor 2 gene; KRAS, HER2
KRAS proto-oncogene; MET,
MET proto-oncogene; NGS, MET ex14
next-generation sequencing;
NTRK, neurotrophic tyrosine RET
receptor kinase gene; RET,
RET proto-oncogene; ROSI,
ROS proto-oncogene 1, re- KRAS G12C
ceptor tyrosine kinase; SgT, PD-L1 Only
single-gene testing; WT, wild- (WT and PD-L1 2 50%)
type. )

No Actionable

Biomarker Identified 5,449
JCO Precision Oncology 5
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times and working days were modified using a beta dis-
tribution. Median PFS and OS were modified following a
normal distribution. Utility values were modified using a
beta distribution. All unit costs were modified accordingto a
gamma distribution.

RESULTS

The short-term results of the diagnostic phase yielded by
the decision tree show that for a potential target population
of 9,734 patients, 1,873 more alterations could be detected
(Fig 2) and 82 more patients could be enrolled in RCT using
NGS instead of SgT.

Although NGS allows more alterations to be detected and
more patients to be enrolled in RCT, it also entails a higher
cost in the short term. The cost of the diagnostic phase
using NGS in the target population is €1,333,288 higher
than using SgT (€6,836,672 v €5,503,384, respectively).

Regarding the time to results, we found that using the NGS
panel, complete results would be available in 10.00
working days, whereas obtaining results using SgT de-
pends on whether it is required to complete the whole
sequence. EGFR, ALK, and ROSI results would be avail-
able in 5.93 days on average, but time to results for the last
biomarker in the sequence (KRAS) would be 15.48 days
(Figure S1, Data Supplement). These results would be
representative of Spanish reference centers, and it is to
be expected that in small- to medium-sized centers, the
estimated times will be substantially higher.

Long-term results for a lifetime horizon obtained from the
PSM are shown in Table 2.

Using NGS instead of SgT in the molecular diagnosis of
patients with advanced NSCLC would increase almost
1,200 life-years (LY) in the estimated target population over
a lifetime horizon. Results in quality-adjusted life-years

TABLE 2. Long-Term Results

(QALYs) are shown graphically in Figure S2, Data Sup-
plement. The incremental cost associated with the use of
NGS is higher in the long-term analysis than in the diag-
nostic phase as more patients are treated with TTs for a
longer time.

The comparison of costs and QALYs through the incre-
mental cost-utility ratio (ICUR) shows that using NGS in
Spanish reference centers would be cost-effective as it was
below the cost-effectiveness thresholds commonly
considered.3*3®

Sensitivity Analysis

Scenario analyses performed show that the model is less
sensitive to changes in the sequence of the SgT arm than to
changes in treatment allocation, with a significant increase
in cost-effectiveness ratios when enrollment in RCT is not
considered. Specifically, the scenario representing a na-
tional perspective yields an ICUR of €45,910/QALY, the
scenario without including second-line treatment yields an
ICUR of €13,857/QALY, and the scenario where BRAF is
determined in parallel to EGFR, ALK, and ROS1 yields an
ICUR of €25,473 /QALY.

The one-way sensitivity analysis is represented using a
tornado diagram (Fig 3). Minimum and maximum varia-
tions on the price assumptions of sotorasib and capmatinib,
together with variations on subsequent treatments, show
the greatest impact on the base case ICUR.

Finally, the results of the PSA are represented graphically in
an incremental cost-effectiveness plane (Fig 4).

DISCUSSION

NGS testing should be the preferred strategy to ensure
maximum testing yield to optimize tissue availability,
turnaround time, and costs of molecular testing.*¢ In

NGS SgT Incremental
Diagnostic costs €6,836,672 €5,503,384 €1,333,288
Testing costs €5.621.677 €3,635,961 €1,985,716
Rebiopsy (tissue exhaustion) €0 €788,340 €-788,340
Cost of time worked €1,214,995 €1,079,083 €135912
Treatment costs €1,269,854,676 €1,250,139,385 €19,715,291
1L (pharmacologic + admin + trAEs) €1,031,609,929 €1,024,333,738 €7,276,190
Subsequent treatments €75,926,516 €66,141,664 €9,784,852
Use of resources €162,318,232 €159,663,983 €2,654,249
Total costs (diagnostic + treatment) €1,276,691,348 €1,255,642,769 €21,048,580
LYs 28,076.11 26,888.04 1,188.08
QALYs 19,317.37 18,504.53 812.84
ICER (expressed as incremental € per LY gained) €17,717/LY
ICER (expressed as incremental € per QALY gained) €25,895/QALY

Abbreviations: ICER, Incremental cost-effectiveness ratio; LY, life-years; NGS, next-generation sequencing; QALY, quality-adjusted life-years;

SgT, single-gene testing; trAEs, treatment-related adverse events.

6 © 2023 by American Society of Clinical Oncology
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€22,000

ICUR: € 25,895/QALY base case
€23,000 €24,000

€25,000 €26,000 €27,000 €28,000 €29,000 €30,000

Drug Cost of Capmatinib

Cost of Subsequent Treatments
Drug Cost of Sotorasib

Utility Value PD State

Drug Cost of Larotrectinib
FIG 3. One-way sensitivity
analysis, represented by
tornado diagrams. ICUR,
incremental cost-utility ratio;
NGS, next-generation se-
quencing; PD, progressed
disease; PFS, progression-
free survival.

Cost of the NGS Panel

Demographic Characteristics

Cost of Single-Gene Tests

Frequency of Health Care Resources
Unit Cost of Health Care Resources
Utility Value of PFS State
Administration Costs

Probabilities of Rebiopsy

Drug Cost of Trastuzumab Deruxtecan

Cost of Rebiopsy

€22,996

€28,793

€23,538 €28,252

€23,800 €27,990
€24,077 €28,010
€24,260 €27,530
€24,616 €27,174
€25,078 €26,712
€25,105 €26,685

€25,159 €26,631

€25,201 €26,589
€25,242 €26,443
€25,313 €26,477
€25,474 €26,245
€25,633 €26,156
B Minimum
€25,701 €26,089 Il Maximum

addition, recent works are studying the relationship be-
tween comprehensive molecular genotyping and OS in
patients with NSCLC.3® However, the cost savings associ-
ated with the use of NGS are in question.3”3°4° Therefore,
we aimed to assess the cost-effectiveness of using the NGS
panel instead of SgT for the molecular diagnosis of patients
with advanced NSCLC from the perspective of reference
centers in Spain. Thus, this study provides continuity and
broadens the perspective of the pilot study performed in a
single center in southern Spain.!! To this end, a broad
multidisciplinary panel of experts from several Spanish

reference centers was formed, and the cost-effectiveness
model developed presents some improvements over the
one used in the pilot project. Specifically, the long-term
results, an exploratory analysis in the previous pilot, are now
more robust and include health care costs associated with
disease management, trAEs costs, and subsequent treat-
ment costs after progression to first-line treatment.

The results obtained in our study show that implementing
NGS in Spanish reference centers, covering a potential
target population of 9,734 patients, would have a clear
benefit in terms of LY gained (1,188.08 LY, 812.84 QALYs)

Incremental cost-effectiveness plane
€80,000,000 4
A Simulation
€70,000,000 - 4@ Deterministic
€60,000,000 -
@ €50,000,000 A
k7]
. A
FIG 4. PSA results, repre- 3 €40,000,000 ™ b : .
- . J— AA
sented by a cost efflelchlveness g €30,000,000 “AAN A M
plane. PSA, probabilistic sen- @ A AAAAAA
sitivity analysis; QALYs, quality- £ €20,000,000 1 L A% I
. . A
adjusted life-years. S 2 %‘A Y N
c A AA A A A
—  €10,000,000 - A A A, A
‘A‘A A Tt e 4
€0 T T T T T T T
200 400 600 800 1,000 1,200 1,400
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-€20,000,000 -
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since more patients would be candidates for receiving the best
possible treatment according to the genetic profile of their
tumor. This clinical benefit outweighs the higher cost asso-
ciated with NGS (mainly because of the higher cost of TTs),
as shown by ICURs obtained that are below the usual
cost-effectiveness thresholds.3*3541

Short-term results covering only the diagnostic phase are
even more favorable for NGS since first-line treatments
account for most of the cost overruns associated with NGS
versus SgT. Another immediate benefit of using NGS in
Spanish reference centers is that a greater number of
patients could be candidates for RCT participation, which
means substantial savings for the center, as several
studies have shown,*>%3 and more importantly, a potential
benefit for the patient. In addition, in terms of time to
results, the use of NGS allows having complete results for
all mutations in 10 working days on average. Although by
SgT, the results of ALK, EGFR, and ROSI performed in
parallel could be available sooner (5.93 working days), if
the last biomarker in the sequence needs to be deter-
mined, time to results would rise to 15.48 working days on
average. Therefore, the more the biomarkers incorporated
into routine diagnostics, the greater the benefit of using
NGS in the time to results.

Several cost analyses and economic evaluations of NGS
have been performed in the past few years, as reported in
two systematic reviews of the literature.3”444

The study performed by Weymann et al focused on eco-
nomic evaluations of NGS published between 2000 and
2016, aiming to characterize the availability and scope of
economic evidence. Among the 55 studies identified, only
five economic evaluations were performed on lung cancer.
They highlight not only the significant increase in economic
evaluations of NGS published between 2014 and 2016 but
also the differences in cost-effectiveness results across
studies according to the methodology adopted, comparator
selected, and funding source.*®

Zheng et al®” conducted a literature review to assess the
diagnostic and economic value of NGS versus SgT in
NSCLC biomarker testing. In the relevant literature focused
on the comparison of NGS versus single testing (n = 14), 10
were economic evaluations, but only six of them assessed
the cost-effectiveness of NGS. Despite the differences in
methodology between the studies, NGS led to a greater
proportion of patients assigned to targeted therapy and
increased LY gained while being cost-neutral or cost-
saving. NGS was generally found to be cost-effective at
typical thresholds. It is worth mentioning that one of the
studies identified in the literature review was a cost analysis
conducted in Spain and reported that NGS implementation
was feasible and could be performed at a reasonable cost
because NGS is a multiplexed molecular diagnostic tool
able to overcome the limitations of current molecular
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diagnosis in advanced cancer, allowing an improved and
economically sustainable molecular profiling.**

None of the economic evaluations identified in these lit-
erature reviews have used a joint model focused on
implementing NGS in reference centers.

Similar to all theoretical models, our study has some limitations
such as the rigidity inherent to pharmacoeconomic models or
the lack of inclusion of small- to medium-sized centers to
obtain an enhanced/improved national perspective.

The testing rate and the prevalence of alterations in the
selected biomarkers were obtained from direct consultation
and therefore reflected the clinical practice of the experts’
centers, so there is an inherent limitation to the source of
these data. It was assumed that the prevalence of alter-
ations in the selected biomarkers is the same regardless of
the diagnostic method, so the different testing rates de-
termine the greater number of alternations detected with
NGS (assumed 100%) since specificity and sensitivity
variables are not included in the model.

In line with this limitation, the present analysis does consider
a lower overexpression of PD-L1 in EGFR+ and KRAS®2¢+
patients.2>2! PD-L1 overexpression may be associated with
alterations of some other biomarker besides EGFR and
KRAS, but no studies have reported statically significant
differences on the basis of TPS > 50% for PD-L1.

Regarding the time to results, for the sake of simplicity, the
‘batch’ effect has not been considered. In addition to this
limitation, it should be considered that the days of sending
and/or receiving samples to other centers are not considered
since the analysis is conducted from the perspective of ref-
erence centers. In addition, the possible effects on health
outcomes of starting first-line treatment earlier or later were
not incorporated into the analysis because of lack of evidence.

The long-term analysis presents some limitations also.
Since a lifetime horizon was considered, extrapolations of
the survival curves are necessary. In the absence of indi-
vidualized patient data for each treatment included in the
model, the utilization of exponential parametric models
fitted to median PFS and OS was considered appropriate to
avoid bias between treatments. In addition, it has been
necessary to anticipate the price of some treatments not yet
available in Spain, so that the price at which they will be
reimbursed may differ from the one we assumed.

To overcome these limitations, we conducted several
sensitivity analyses that measured the associated uncer-
tainty and confirmed the results’ robustness.

In conclusion, our analysis strengthens the results shown in
the pilot conducted in a south Spanish single center and
shows how, from the perspective of reference centers, NGS
would be a cost-effective strategy in the molecular diag-
nosis of patients with NSCLC over SgT.
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