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Background: In non-small cell lung cancer (NSCLC), epidermal growth factor receptor
(EGFR) mutation testing of tumor tissue should be conducted at diagnosis. Alternatively, cir-
culating tumor DNA can be used to detect EGFR mutation. We compared the cost and clini-
cal effect of three strategies according to the application of the EGFR test.

Methods: Decision models were developed to compare the cost-effectiveness of tissue-only,
tissue-first, and plasma-first diagnostic strategies as first- and second-line treatments for
NSCLC from the perspective of the Korean national healthcare payer. Progression-free sur-
vival (PFS), overall survival (OS), and direct medical costs were assessed. A one-way sensi-
tivity analysis was performed.

Results: The plasma-first strategy correctly identified numerous patients in the first- and
second-line treatments. This strategy also decreased the cost of biopsy procedures and
complications. Compared with that when using the other two strategies, the plasma-first
strategy increased PFS by 0.5 months. The plasma-first strategy increased OS by 0.9 and 1
month compared with that when using the tissue-only and tissue-first strategies, respec-
tively. The plasma-first strategy was the least expensive first-line treatment but the most ex-
pensive second-line treatment. First-generation tyrosine kinase inhibitor and the detection
rate of the T790M mutation in tissues were the most cost-influential factors.

Conclusions: The plasma-first strategy improved PFS and OS, allowing for a more accurate
identification of candidates for targeted therapy for NSCLC and decreased biopsy- and com-
plication-related costs.
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INTRODUCTION

Lung cancer is a common cause of death worldwide [1]. In Ko-
rea, lung cancer is the fourth most frequently diagnosed cancer
(11% of all tumors) and the leading cause of cancer-related
deaths [2]. In 2017, approximately 27,000 new cases of lung
cancer and 17,980 lung cancer-related deaths were reported
worldwide [2]. Despite advances in the early detection of lung
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cancer, most patients present with locally advanced or meta-
static disease [3]. Consequently, these patients have a very poor
prognosis. Tyrosine kinase inhibitors (TKIs), such as gefitinib
and erlotinib, are used in the treatment of lung cancer. Sensitiz-
ing mutations in the tyrosine kinase domain of the epidermal
growth factor receptor (EGFR) gene predict the response to
TKls. The detection rate of EGFR mutations is approximately
30%-40% in NSCLC cases in Asia and approximately 2%-8%
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in cases in Western countries [4]. In up to two-thirds of cases,
resistance to EGFR-TKIs is mediated by the T790M mutation, a
secondary EGFR mutation acquired during EGFR-TKI treatment
after a median of 8-16 months [5]. Osimertinib, a third-genera-
tion EGFR-TKI, is selective for the EGFR-sensitizing mutation
and T790M resistance mutation [6]. Recent evidence-based
guidelines recommend testing for EGFR mutations upon ad-
vanced NSCLC diagnosis to guide treatment decisions. The cur-
rent standard clinical approach is the genotyping of tumor bi-
opsy tissues. However, the feasibility of the biopsy (patient sta-
tus and tumor location), risk of complications during biopsy,
high cost (including procedural and adverse events), lengthy
turnaround time, and tumor heterogeneity are limitations to the
use of tissue biopsy for genetic analysis [7]. Circulating tumor
DNA (ctDNA) released from tumor cells is present in the blood
of patients with advanced NSCLC [8, 91. Plasma ctDNA or urine
testing offers a minimally invasive or noninvasive alternative for
detecting the EGFR mutation status [9]. EGFR mutation profiles
obtained from liquid biopsy are now accepted for use in treat-
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ment decisions for patients with NSCLC. In addition to tumor
EGFR genotyping, plasma EGFR genotyping is covered by the
Korea National Health Insurance Service (KNHIS) since May
2018. However, insurance coverage is applied only in very lim-
ited cases, such as when it is not possible to collect tissue, and
is limited to two uses per patient.

With the development of medical technology and new drugs,
treatment methods for cancer are diversifying and standard
treatment guidelines are being revised rapidly. Consequently,
the financial burden on healthcare payers and patients has in-
creased. Therefore, efficient resource allocation must be con-
sidered. Although the plasma EGFR test is covered by the
KNHIS, a systematic cost-effectiveness analysis has never been
conducted. Economic evaluations of individual diagnostic and
treatment strategies have been sporadic. As in previous studies,
the mutation detection rate and cost data depend on the target
population; accordingly, the results can vary by country. We
aimed to evaluate the economic and clinical impact of three di-
agnostic strategies on the initial diagnosis and disease progres-
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Fig. 1. Schematic representation of the diagnostic strategies analyzed in this study. (A) First-line treatment (B) Second-line treatment.
Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; 3rd-gen, third-generation.
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sion of advanced and metastatic NSCLC based on the KNHIS
from the payer’s perspective.

MATERIALS AND METHODS

Decision model structure

Decision models were developed to compare the cost-effective-
ness of the three diagnostic strategies for the first- and second-
line treatment of NSCLC from the perspective of Korean national
healthcare providers (Fig. 1). The tissue-only strategy provides a
test for the EGFR mutation status using only tissue samples. No
additional diagnostic investigations are performed for biopsies
with insufficient tissue or “indeterminate” results. The tissue-
first strategy uses tissue biopsies for diagnostic investigations.
Unlike in the tissue-only strategy, a liquid biopsy is performed in
cases with undetermined tissue biopsy results. The KNHIS cov-
ers this strategy. The plasma-first strategy involves the use of a
liquid biopsy for all eligible patients. If the outcome of the liquid
biopsy is negative, an EGFR mutation test is performed using
the remaining tissue collected for diagnosis or tissue from a re-
biopsy. These three strategies were identically applied for initial
diagnosis and during disease progression, except in cases of
acquired resistance, where a repeat biopsy was performed ow-
ing to greater tumor heterogeneity compared to that in newly di-
agnosed patients [10]. In our model, patients with sensitizing
mutations received a first-generation TKI (gefitinib) until disease
progression. Patients without sensitizing mutations were consid-
ered for platinum therapy (carboplatin and paclitaxel), identical
to the regimen used in the Iressa Pan-Asia Study (IPASS) trial
(N=1,217) [11, 12]. Patients with T790M-positive disease re-
ceived a third-generation TKI (osimertinib) until disease progres-
sion. Patients with T790M-negative disease were considered for
platinum therapy (carboplatin and pemetrexed), identical to the
regimen used in the A Phase Ill, Open Label, Randomized
Study of AZD9291 Versus Platinum-Based Doublet Chemother-
apy for Patients With Locally Advanced or Metastatic Non-Small
Cell Lung Cancer Whose Disease Has Progressed With Previous
Epidermal Growth Factor Receptor Tyrosine Kinase Inhibitor
Therapy and Whose Tumours Harbour a T790M Mutation
Within the Epidermal Growth Factor Receptor Gene (AURA3)
trial (N=419) [13-15].

Patient population

The patient population for this analysis was based on the char-
acteristics of the patients enrolled in the IPASS trial for first-line
treatment and in the AURAS trial for second-line treatment. The
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IPASS trial consisted of patients >18 years of age who had his-
tologically confirmed stage I1I1B or IV NSCLC with an Eastern Co-
operative Oncology Group (ECOG) performance status of 0-2
and who had no history of chemotherapy. The AURAS trial con-
sisted of patients >18 years of age with an ECOG performance
status score (which reflects functional status) of O or 1 who ex-
perienced progression on EGFR-TKI therapy for EGFR-positive
NSCLC with the T790M mutation and who were eligible for sub-
sequent therapy.

Test results were undetermined in 10% of patients. These
cases were selected based on expert opinions and were consid-
ered comparable to the results of another study [16]. The fre-
quencies of sensitizing and T790M mutations were calculated
as the averages of the frequencies in previous studies that ana-
lyzed the EGFR mutation status using PCR methods with tissue
and plasma in advanced (stage llIB, IV) NSCLC [5, 10, 15, 17-
19]. The values and ranges of the input parameters are listed in
Table 1. The number of patients receiving first-line treatment for
sensitizing mutations was calculated as the conditional probabil-
ity based on the decision tree in Fig. 1 and the values in Table 1.

Disease modeling

We constructed a Markov model with three health states to ana-
lyze progression-free survival (PFS), progressive disease, and
death. Patients could move from one state to another during
each three-week cycle. Event (disease progression and post-
progression mortality) probabilities were based on published
clinical trial data. A time horizon of 4 years was adopted to re-
flect the limited remaining life of the patients. The median over-
all survival (OS) and PFS after second-line treatment were cal-
culated by estimating the rates of daily progression and mortality
using the Kaplan—Meier method [11, 13].

Cost

We considered only reimbursed direct medical costs, including
the costs of biopsy, EGFR testing, drugs and administration, and
hospital administration due to complications, based on the
health insurance claims data of secondary hospitals (Table 1).
We assumed that patients who underwent bronchoscopic bi-
opsy or computed tomography-guided percutaneous biopsy
were hospitalized for three days. Tissue and plasma EGFR ge-
notyping are covered by the national insurance system. The
costs of both types of EGFR genotyping are 131,505 KRW. Pneu-
mothorax is the most common complication of needle biopsy of
the lungs and occurs in approximately 20% of patients [20-22].
Pneumothorax requiring a chest tube is needed for 4%—7% of
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Table 1. Values and ranges of input parameters in the analysis
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Input parameter Value Range Source
Sensitizing mutation status in tissue (%)

Positive 84.6 83.7-871.5 [10,17,18]

Negative 5.4 1.5-6.3 [10,17,18]

Indeterminate 10.0 10.0-11.0 [16]
Sensitizing mutation status in plasma (%)

Positive 79.2 73.3-85.0 [10,17,18]

Negative 20.9 8.2-22.4 [10,17,18]

Complication of biopsy 6.0 4.3-6.8 [20-22]
T790M status by tissue (%)

Positive 75.6 71.1-81.0 [5,15,19]

Negative 14.4 9.0-18.9 [5,15,19]

Indeterminate 10.0 10.0 [5,15,19]
T790M status by plasma (%)

Positive 65.9 61.0-73.2 [5,15,19]

Negative 341 26.8-39.0 [5,15,19]
Cost (KRW)

Biopsy procedure 676,066 494,836-857,296

Hospitalization due to complication 917,775 615,725-1,219,825

EGFRtesting 131,505

Drug cost

First-generation TKI per day 33,149 24,950-45,810

First-line chemotherapy per cycle 596,132

Third-generation TKI per day 227,356

Second-line chematherapy per cycle 926,609

Subsequent treatment per cycle 830,264

Abbreviations: EGFR, epidermal growth factor receptor; KRW, Korean won; TKI, tyrosine kinase inhibitor.

patients [20-22], which was estimated to be 6% in this study.
The cost of hospital admission for pneumothorax after tissue bi-
opsy was assumed to be 917,775 KRW for a stay of five days.
We considered drug costs based on drug reimbursement, price
lists, and the administration of intravenous therapies. To calcu-
late the cost of each drug, we assumed a body surface area of
1.73 m? and a glomerular filtration rate of 93 mL/min based on
the median age of patients in the IPASS and AURAS trials, re-
spectively. The total cost of the first-line treatment was calcu-
lated as the sum of all products of the conditional probabilities
shown in Fig. 1 and the cost of each item. The total cost of
second-line treatment was calculated considering the progres-
sion and death statuses using the Markov chain model as the
total cost over 4 years.
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Sensitivity analysis

Several sensitivity analyses were conducted to evaluate the un-
certainties and robustness of the models. A one-way sensitivity
analysis was performed to explore how uncertainty in the input
parameters influenced the outcomes. The key parameters were
detection rates of EGFR-sensitizing and T790M mutations in
tissue and plasma, complication rate of biopsies, cost of biopsy
procedures, hospitalization due to complications, and first-gen-
eration TKI. The input values of the epidemiological data varied
between the ranges identified in published studies. Costs re-
lated to hospitalization varied depending on whether the hospi-
tal was a tertiary hospital or comprised a type of shared room.
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Table 2. Summary of the cost and outcome results in the analysis

Tissue-only  Tissue-first Plasma-first

IS strategy strategy strategy
First-line treatment of advanced NSCLC
Sensitizing mutation treated (%) 84.6 92.5 96.8
Cost (KRW)
Total 1,543,367 1,564,432 1,004,283
Biopsy 676,066 676,066 140,960
Complication 55,067 55,067 11,481
EGFRtesting 131,505 144,656 158,924
Second-line treatment of advanced NSCLC
Overall survival (months) 25.0 24.9 25.9
Progression-free survival (months) 9.1 9.1 9.6
T790M mutation treated (%) 83.2 82.2 91.7
No. of biopsies 11 1.0 0.3
Cost (KRW)
Total 165,815,059 164,137,642 179,382,572
Biopsy 743,672 676,066 230,538
Complication 60,573 55,067 18,778
EGFRtesting 144,656 144,656 176,348

Abbreviations: NSCLC, non-small cell lung cancer; KRW, Korean won; EGFR,
epidermal growth factor receptor.

RESULTS

Base-case analysis
The results of the base-case analysis with a 4-year time hori-
zon, as well as the economic and health outcomes estimated
using the model, are shown in Table 2. Considering both the
first and second lines of treatment, the plasma-first strategy ex-
hibited the highest mutation detection rate. The plasma-first
strategy was expected to detect 96.8% and 91.7% of patients
with sensitizing and T790M mutations, respectively. The identi-
fication of sensitizing mutations and TKI treatment improved
with the plasma-first strategy (+12.2% vs. tissue-only strategy;
+4.3% vs. tissue-first strategy). The identification of T/90M
mutations and third-generation TKI treatment improved with
the plasma-first strategy (+8.5% vs. tissue-only strategy; +9.5%
vs. tissue-first strategy). The plasma-first strategy reduced the
costs of biopsy and associated complications. However, the
plasma-first strategy slightly increased the cost of molecular
testing. For first-line treatment, the plasma-first strategy is ex-
pected to have the lowest total cost.

PFS was 9.6 months for the plasma-first strategy and 9.1
months for the tissue-only and tissue-first strategies. OS was
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also expected to increase slightly using the plasma-first strategy.
For second-line treatment, the plasma-first strategy increases
the cost.

Sensitivity analysis

The results of the one-way sensitivity analyses are presented in
a tornado diagram (Fig. 2). At the time of first diagnosis, the
plasma-first strategy exhibited cost-saving effects within a
range of input values. For all three strategies, the first-genera-
tion TKI drug cost had the greatest influence on the total cost,
with gefitinib being the most cost-effective. The second most
influential variable in reducing the expected cost was the bi-
opsy cost (according to room selection) in the tissue-only and
tissue-first strategies and the detection rate of sensitizing muta-
tions in plasma in the plasma-first strategy.

During progression, the tissue-first strategy provided cost
savings over a range of input values. For all three strategies, the
detection rate of the T790M mutation in tissues had the great-
est influence on the total cost. The second most influential vari-
able in reducing the expected cost was the T790M mutation
detection rate in plasma for the tissue-first and plasma-first
strategies and the biopsy cost in the tissue-only strategy.

DISCUSSION

This study is the first to examine the clinical and economic im-
pact of three diagnostic strategies for the first- and second-line
treatment of advanced and metastatic NSCLC from the per-
spective of the Korean healthcare payer. Traditionally, molecu-
lar analysis is performed on tumor tissues. However, tissue bi-
opsies are invasive and have a high risk of complications [7].
Biopsy during disease progression is even more problematic
(e.g., an unfavorable patient condition and shrunken tumors).
Although the KNHIS covers ctDNA testing for EGFR mutations
in advanced NSCLC since 2018, ctDNA testing can only be per-
formed once when changing drugs in situations where a biopsy
is not feasible. Recently, the National Comprehensive Cancer
Network recommended the use of a plasma EGFR test as a
screening method to detect T790M, irrespective of the feasibility
of repeated tissue biopsies [23]. Additionally, the plasma-first
approach is preferred for the evaluation of acquired resistance,
according to the consensus statement of the International Asso-
ciation for the Study of Lung Cancer [24].

Our analysis showed that the plasma-first strategy (compared
with the tissue-only and tissue-first strategies) is expected to in-
crease the detection of sensitizing or T/90M mutations and re-
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Fig. 2. Tornado diagram of sensitivity analysis. (A) Tissue-only strategy. (B) Tissue-first strategy. (C) Plasma-first strategy in first-line treat-
ment. (D) Tissue-only strategy. (E) Tissue-first strategy. (F) Plasma-first strategy in second-line treatment. The horizontal bars in the tornado
diagrams indicate how wide the variation in the total cost due to a change in a given input is. At the time of first diagnosis, first-generation
TKI is the most cost-influential factor. At the time of disease progression, T790M status in tumor tissue is the most cost-influential factor.

Abbreviations: 1st-gen, first-generation; TKI, tyrosine kinase inhibitor.

lated treatment with TKls. This was because of the greater use
of ctDNA testing, which resulted in a significant increase in the
number of identified mutation cases when using the plasma-
first strategy. These results are comparable with those of a previ-
ous study [25]. Due to heterogeneity, the T790M status of indi-
vidual samples may not represent the overall T790M status of
the disease [9]. In the AURA extension and AURA2 phase |l
studies, 27 (4.9%) patients were identified as T790 mutation-
negative through tissue testing and T790M mutation-positive
through plasma testing [17]. Our study confirmed that the tar-
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get of treatment for NSCLC could be diagnosed more accu-
rately using the plasma EGFR test. Our results support the
need to expand the application of ctDNA testing in Korea. This
improvement in outcomes is a consequence of the few patients
with T790M-positive tumors that received indeterminate or
false-negative test results based on the tissue test but were
likely to benefit from targeted third-generation TKls.

The median survival is more than 2 years longer in patients
with advanced stage IV NSCLC with EGFR-sensitizing muta-
tions than in those with wild-type EGFR [26, 27]. It is important
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to accurately identify patients who should receive targeted ther-
apy because a significant proportion of the side effects of tar-
geted therapy can be controlled, compared with those of cyto-
toxic anticancer drugs; thus, targeted therapy can be adminis-
tered even to elderly patients or patients with relatively poor
systemic conditions, and favorable outcomes are expected.

The number of biopsies was reduced in both first- and sec-
ond-line treatments using the plasma-first strategy, and the
cost associated with complications was also reduced. In first-
line treatment, the plasma-first strategy had the lowest total
cost of care; however, in second-line treatment, the plasma-first
strategy had the highest total cost of care. The cost per patient
increased with the plasma-first strategy because of the higher
use of third-generation TKls in patients with T790M-positive
disease and the increased survival rate.

This study had several limitations. First, costs vary by cir-
cumstance, which complicates the collection of data regarding
specific costs and complications. The effect was evaluated
through a sensitivity analysis, and the results should be inter-
preted with caution. Second, the trial-based model does not
fully simulate the natural course of the disease in the real
world. The regimens used for disease treatment vary among
physicians. The results may not adequately reflect efficacy and
resource utilization in routine clinical practice. Third, an impor-
tant assumption underlying this model is that the testing led to
different treatments that did not consider other factors that
could contribute to variations in the outcome of therapy, such
as the availability of test results. Delays in tissue biopsies often
occur because of scheduling and laboratory processing times.
The median turnaround time (TAT) from ordering a biopsy to
receiving the results was 12 (1-54) days for patients with newly
diagnosed NSCLC and 27 (1-146) days for patients with ac-
quired resistance [28]. The median TAT for blood-based muta-
tion testing was 3 (1-7) days [28]. An evaluation of other EGFR
mutation testing approaches and potential treatments is needed.
In our sensitivity analyses, the T790M detection rates in tissue
and plasma had significant influences on the results of second-
line treatment. Only the real-time PCR detection rate was con-
sidered. However, many highly sensitive and specific platforms
are available, including real-time quantitative PCR, peptide nu-
cleic acid-locked nucleic acid clamp, beads, emulsion, amplifi-
cation, and magnetics, digital PCR (dPCR), and next-genera-
tion sequencing (NGS) [7, 29]. According to a previous study
[30] that used Cobas tissue test results as a reference, the per-
cent agreement with plasma T790M positivity was 51% (110
out of 215 samples) for Cobas plasma, 58% (110 out of 189
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samples) for dPCR, and 66% (136 out of 207 samples) for NGS.
In addition, more accurate disease diagnosis is possible when
using a sensitive genotyping method combined with mutation
enrichment technologies [31, 32]. Because ctDNA exists in a
small proportion in the blood and is very unstable, both the test
method and pre-analytical variables have important influences
on the results [33]. While this study was in progress, osimer-
tinib, a third-generation TKI, was approved as a first-line treat-
ment for patients with advanced EGFR-mutated NSCLC. The
United States, Germany, ltaly, Switzerland, the United King-
dom, France, Japan, and other countries worldwide are now
using osimertinib as a standard treatment. However, this treat-
ment has not been approved by the Korean insurance system.
Therefore, further study on new treatment options is required.

In conclusion, the plasma-first strategy can decrease costs
and morbidities compared to tissue-based EGFR mutation test-
ing. We confirmed that candidates for targeted treatment of
NSCLC can be more accurately identified by plasma EGFR test-
ing. The selection of an appropriate diagnostic strategy is im-
portant for optimal primary and secondary treatment of advanced
NSCLC. It is necessary to use an appropriate test method for
each genetic analysis so that the optimal treatment for each
patient can be administered in the shortest time.
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