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Abstract

Background: The relative importance of predictive factors for advanced non-small cell lung
cancer (NSCLC]) patients on epidermal growth factor receptor (EGFR]-tyrosine kinase inhibitor
(TKI) treatment remains unclear.

Materials and methods: We retrospectively enrolled advanced NSCLC patients with single
first-generation EGFR-TKI treatment for =5years (Y) in Taiwan. Clinical data was collected
and compared with those of another cohort with single first-line EGFR-TKI treatment for <5Y.
Plasma cell-free DNA (cfDNA] samples were collected from patient subsets, pre- and post-
TKI, in the >5Y group.

Results: Overall, 128 and 278 patients were enrolled in the =5Y and <5Y groups, respectively.
Significant factors in the multivariate analysis of patients’ characteristics including Eastern
Cooperative Oncology Group performance status 0-1, postoperative recurrence, without brain
metastasis, oligometastasis (each score of 2], female sex, erlotinib use, and without bone
metastasis (each score of 1), were incorporated into a risk scoring system. The area under
the receiver operating characteristic curve was 0.82 [95% confidence interval (Cl): 0.78-0.86].
Of the plasma cfDNA samples from 33 patients in the =5Y group, only 1 had a T790M in 25
patients without progressive disease. In 27 patients with single agent use for =96 months, 22
(81.5%) received local treatment (surgery or radiotherapy) for the primary lung tumor before
and during TKI treatment.

Conclusion: For NSCLC patients with single first-generation EGFR-TKI use for =5Y, factors
with different relative importance exist and the risk-scoring model is feasible with modest
accuracy. The role of local treatment for primary tumors in patients with long-term TKI use
requires further investigation.

Keywords: epidermal growth factor receptor, local treatment, more than five years, non-
small cell lung cancer, scoring model, tyrosine kinase inhibitor
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Introduction

The discovery of epidermal growth factor recep-
tor (EGFR)-tyrosine kinase inhibitors (TKIs) has
resulted in a dramatic change in the treatment
strategy of advanced EGFR-mutant non-small
cell lung cancer (NSCLC) patients.!»2 Although
most EGFR-mutant NSCLC patients initially
respond to gefitinib, erlotinib, and afatinib,
patients usually develop a progressive disease
within 1year after the initiation of treatment.3
However, a subgroup of patients experience a
longer clinical benefit from EGFR-TKIs. There
are few reports about this phenomenon. In a
recent study, treatment with afatinib was reported
to provide a significantly higher 24-month pro-
gression-free survival (PFS) rate than gefitinib in
a first-line setting (17.6% wversus 7.6%).* Some
case studies report that complete remission with
EGFR-TKI treatment was maintained for more
than 2years.5>8 However, the real predictive fac-
tors for single EGFR-TKI long-term use in
advanced EGFR-mutant NSCLC patients
remains unclear. Therefore, we investigated the
relative importance of predictive factors by study-
ing the differences in the characteristics between
patients with single EGFR-TKI use for =5years
(=5Y) and patients with <5years (<5Y) use.

Materials and methods

Patients

We retrospectively enrolled advanced NSCLC
patients with single EGFR-TKI use for =5Y in
nine medical centers in Taiwan under the “TKI
Prolonged Single Agent Use over 5 Years’ (TIPS-
5) study from September 2005 to September
2014. To be eligible for the study, patients were
required to have cytological- or pathological-con-
firmed NSCLC, at inoperable advanced stage
IIIB to stage IV, to have undergone single EGFR-
TKI treatment for =5Y without progressive dis-
ease (PFS of EGFR-TKI =5Y), and a clear
survival status during follow-up. Patients were
excluded if they had undergone EGFR-TKI
treatment for =57Y due to treatment beyond pro-
gression, another active malignancy, concomitant
use of another anticancer medicine during the
period of EGFR-TKI use, or if they had Eastern
Cooperative Oncology Group performance status
(ECOG PS) 4.

After forming the cohort of eligible patients with
single EGFR-TKI use for =5Y, we enrolled
another cohort with advanced NSCLC patients
with first-line single EGFR-TKI use for <5Y

(PFS of EGFR-TKI<5Y) from January 2011 to
June 2014 from the Taichung Veterans General
Hospital. The development and validation of a
prognostic risk score model was performed for
the NSCLC patients with single EGFR-TKI use
for =5Y. Another independent group of NSCLC
patients who met the study criteria were enrolled
as the validation cohort for the risk score model
established for EGFR-TKI use for =5Y from
February 2012 to August 2015 from the National
Taiwan University Hospital. The study was con-
ducted ethically in accordance with the World
Medical Association Declaration of Helsinki, and
was approved by the Institutional Review Board
(IRB) of each hospital (Supplemental Table A.1).
The informed consent documents for clinical
data records and genetic testing were written by
patients or were waived according to the require-
ment of each IRB.

Data records

The patients’ clinical characteristic and demo-
graphic data, including age, sex, family history,
tumor stage, smoking status, ECOG PS, baseline
EGFR mutation status, treatment history, meta-
static site, and outcome variables were collected
for analysis. We defined oligometastasis as no
more than five metastatic lesions. The lung cancer
tumor-node-metastasis staging was conducted
according to the 8th edition of the American Joint
Committee on Cancer staging system.? Computed
tomography of the chest was performed every
3months for National Health Insurance reim-
bursement. The treatment response of EGFR-
TKIs was confirmed using the Response Evaluation
Criteria in Solid Tumors (Version 1.1).10

EGFR mutation test for tumor tissue

The methods of EGFR mutation-detection in
tumor tissues of the patients in the single EGFR-
TKI use for =5Y group were different in each
hospital. The methods used for EGFR testing
included direct sequencing, mutant type-specific
sensitive methods [e.g., matrix-assisted laser des-
orption ionization time-of-flight mass spectrome-
try (MALDI-TOF MS)], the scorpion
amplification  refractory mutation  system
(ARMS), and Cobas EGFR Mutation Test. For
the patients with single EGFR-TKI use for <5Y,
the EGFR mutation detection method was
MALDI-TOF MS, performed as previously
described.!! A rebiopsy of some patients in both
groups after disease progression was conducted.
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EGFR mutation detection of liquid biopsy in pre-
and post- EGFR-TKI treatment plasma samples

A subset of patients in the single EGFR-TKI use
for =5Y group had available pre- and post-
EGFR-TKI treatment plasma samples. The post
EGFR-TKI treatment plasma samples were col-
lected, close to the latest follow-up dates in
patients without progression or the dates of dis-
ease progression.

Plasma cell-free DNA (cfDNA) extraction was per-
formed according to our previous study.'? EGFR
mutation-detection including LL858R, exon19 dele-
tion, and T790M, was performed based on our
previous studies with modifications.!2-1¢ Briefly,
the combination of peptide nucleic acid (PNA) and
MALDI-TOF nucleotide mass spectrometry was
utilized for experiments in the ISO15189-certified
clinical center laboratory. PNA oligos used to spe-
cifically lock the wild-type allele were synthesized
using PanaGene (Daejeon, Korea). All nucleotide
MALDI-TOF MS assays were adapted from the
MassARRAY System (Agena Bioscience, USA)
according to the manufacturer’s instructions. Data
were collected and analyzed using Typer 4 software
(Agena Biosciences, USA). The tests were con-
ducted at the National Center of Excellence for
Clinical Trial and Research of the National Taiwan
University Hospital.

Statistical methods

Univariate analysis using the Fisher’s exact test
was performed to assess the differences in the
characteristics between both groups. Logistic
regression models were used to estimate the odds
ratios (ORs) and 95% confidence intervals (CIs)
of the PFS of lung cancer for each variable. The
variables showing significant associations with the
5-year PFS (p<<0.05) in the univariate analyses
were included in a stepwise selection procedure
to generate a final multiple model. The full model
was used to develop a risk-scoring system for the
prediction of the probability of PFS of lung can-
cer. The regression coefficients of the variables
were converted into an integer risk score by
rounding up the quotient of the regression coef-
ficient by a single constant. The constant was the
sex regression coefficient, defining the integer risk
score for female sex to be one. Risk estimates for
the 5-year PFS of lung cancer according to the
sum of scores could be calculated.!> To evaluate
the predictive accuracy of the risk score model,
the receiver operating characteristic (ROC) curve
was derived and the area under the ROC curve

(AUROC) was calculated. All the statistical anal-
yses were performed using SAS version 9.4 (SAS
Institute, Cary, NC). Two-tailed tests and p val-
ues < 0.05 for significance were used.

Results

Patients’ characteristics and demographic data

A total of 128 patients were enrolled in the =5Y
use group, and 278 patients in the <5Y use
group. The baseline characteristics are shown in
Table 1. A total of two hundred and one (49.5%)
patients were =65 years old, while two hundred
and fifty-two patients were female (62.1%). A
total of sixteen patients had stage IIIB to ITIIC dis-
ease, and three hundred and eight patients had
stage IV disease. The number of patients who had
postoperative recurrence was eighty-two, while
five patients had recurrence after concurrent
chemoradiotherapy (CCRT). After the initial
response to EGFR-TKI, radiotherapy for the pri-
mary tumor lesion only including stereotactic sur-
gery was done for nine patients (three with
oligometastasis and six with non-oligo-metastasis;
eight in the =5Y use group). The characteristics
of these nine patients are listed in Supplemental
Table A.2. A total of one hundred and thirty-five
patients had oligometastatic lesions (33.3%). The
metastatic sites were the lungs (54.4%), brain
(27.6%), bone (38.2%), liver (7.9%), and adre-
nal glands (3.0%).

The Kaplan—Meier curves of the PFS of both
groups are shown in Figure 1a. The PFS distribu-
tion in the =5Y use group is shown in Figure 1b.
There were 27 patients with single-agent use for
=96 months, amongst whom, 22 (81.5%) were
administered a local treatment for the primary
lung tumor (16 with postoperative recurrence,
two with CCRT recurrence, and four with radio-
therapy) during treatment with TKIs.

Univariate analysis of the clinical factors showed a
significantly greater prevalence of the female sex,
never-smokers, PS 0-1, erlotinib use, postoperative
recurrence, and oligometastases (<5), but a lower
prevalence of brain, liver, and bone metastases in
the =5Y use group. There were no differences in
age, family history, EGFR mutation subtypes, lung-
to-lung, and adrenal metastases (Table 1).

In the multivariate analysis, female sex, ECOG
PS 0-1, erlotinib use, postoperative recurrence,
no brain metastasis, no bone metastasis, and with
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Table 1. Univariate analysis of factors associated with 5-year progression-free survival of lung cancer.

Total

Progression-free survival

Cases (n=128)
=5years, n (%)

Controls
(n=278)
<5years, n (%)

p-value

OR

95% CI

p-value

Age [years)
=65

<65

Sex

Male
Female
Smoking

Current or
former

Never

Family history
No

Yes

ECOG PS

2-3

0-1

EGFR mutation
Exon 19 deletion
Exon 21 L858R
EGFR-TKI
Gefitinib

Erlotinib

201

205

154

252

107

299

293

31

70

336

170

189

303

103

Postoperative recurrence

No

Yes

324

82

61 (47.66)

67 (52.34)

34 (26.56)

94 (73.44)

25(19.53)

103 (80.47)

102 (87.93)

14(12.07)

5 (3.91)

123 (96.09)

43 (48.86)

45 (51.14)

85 (66.41)

43 (33.59)

75 (58.59)

53 (41.41)

Oligo metastatic lesions or not (<5)

No

Yes

Brain metastasis

Yes

No

271

135

112

294

53 (41.41)

75 (58.59)

21 (16.41)

107 (83.59)

140 (50.36)

138 (49.64)

120 (43.17)

158 (56.83)

82 (29.50)

196 (70.50)

191 (91.83)

17 (8.17)

65 (23.38)

213 (76.62)

127 (46.86)

144 (53.14)

218 (78.42)

60 (21.58)

249 (89.57)

29 (10.43)

218 (78.42)

60 (21.58)

91(32.73)

187 (67.27)

0.6127

0.0014

0.0342

0.2531

<0.0001

0.7440

0.0098

<0.0001

<0.0001

0.0006

1.00

1.114

2.100

1.00

1.723

1.542

1.00

7.507

1.00

0.923

1.00

1.838

1.00

6.068

1.00

5.142

1.00

2.479

0.733-1.694

1.328-3.321

1.038-2.862

0.731-3.255

2.943-19.146

0.570-1.493

1.155-2.926

3.603-10.218

3.268-8.089

1.459-4.215

0.6128

0.0015

0.0355

0.2558

<0.0001

0.7441

0.0103

<0.0001

<(0.0001

0.0008

(Continued)]
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Table 1. (Continued)

Total Progression-free survival p-value OR 95% CI p-value

Cases (n=128) Controls
=5years,n (%) (n=278)
<5years, n (%)

Lung metastasis

Yes 225 74 (57.81) 151 (54.32) 0.5102 1.00

No 181 54 (42.19) 127 (45.68) 0.868 0.568-1.324  0.5104
Liver metastasis

Yes 32 3(2.34) 29 (10.43) 0.0050 1.00

No 374 125 (97.66) 249 (89.57) 4.853 1.450-16.240 0.0104
Bone metastasis

Yes 155 27 (21.09) 128 (46.04) <0.0001 1.00

No 251 101 (78.91) 105 (53.96) 3.192 1.964-5.188  <0.0001
Adrenal gland metastasis

Yes 12 1(0.78) 11 (3.96) 0.0792 1.00
No 394 127 (99.22) 267 (96.04) 5.232 0.668-40.969 0.1150

ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor.

Progression-free survival 50
@ (b)
’ 45
15
40
0.8 2
835 #Non-PD =PD
@
— [}
$0.61 +5 30
> [
5’: 825
S
£ 0.4 — 25years 220
O ) 35
— <5years E 15
0.2 Log Rank p < 0.001 10
: | I .
0.04
T 1 T T 1 T T 1 T T 1 T T 1 0 -
o 1 2 3 4 5 6 7 8 9 10 1M1 12 13 67 78 89 910 10-11 1112 1213
Years Progression-free survival (years)

No. at risk
Group25years 128 128 128 128 128 128 113 107 107 106 103 102 102
Group <5years 278 107 30 8 2 0 0 0 0 0 0 0 0

Figure 1. The PFS of the =5year and the <5year use group. (a) The difference between the =5year and the <5year use groups in
Kaplan-Meier curve of PFS (b) The distribution of PFS in the =5year use group.
Cum survival, cumulative survival; PFS, progression-free survival; PD, progressive disease.
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oligometastatic lesions (<5) showed a greater
prevalence in the =5Y use group. There were no
differences in never-smokers and liver metastasis
(Table 2).

Risk score model of TKI use for more than

Syears

For the survey of the relative importance of each
predictive factor, the risk scores of each factor for
the 5-year EGFR-TKI single agent use of lung
cancer are shown in Table 3. Predictors for
EGFR-TKI use for =5Y in the derivation dataset
were ECOG PS 0-1, postoperative recurrence,
the absence of brain metastasis, and oligometas-
tasis (each with a corresponding score of 2);
female sex, erlotinib use, and without bone metas-
tasis (each with a corresponding score of 1).

The nomogram of the multivariate model of the
risk scores is shown in Figure 2. The chances of
=5Y EGFR-TKI single-agent use in lung cancer
patients ranged from 20% (score 0) to 95% (score
11). We used the ROC curve and the AUROCs
to evaluate the predictive accuracy of the risk
score model. The risk score model in the study
using each factor had an AUROC of 0.82 (95%
CI: 0.78-0.86, Supplemental Figure A.1A).

The baseline characteristics of the validation cohort
are shown in Supplemental Table A.3. A total of
177 patients were enrolled: 11 in the =5Y use
group, and 166 in the <5Y use group. A total of
eighty-two (46.3%) patients were =65years old,
while one hundred and twenty-three patients were
female (69.5%). Six patients had stage IIIB to
IIIFC disease, and one hundred and thirty-nine
patients had stage IV disease. Thirty-two patients
(18.1%) had postoperative recurrence. Fifty-six
patients had oligometastatic lesions (31.6%). The
proportions of the brain, lung, liver, bone, and
adrenal gland metastases were 68.9%, 42.4%,
10.2%, 41.2%, and 8.5%, respectively. There were
no patients with recurrence after CCRT or radio-
therapy only for the primary tumor lesion after the
response to EGFR-TKIs. When we applied the risk
score model from the discovery to validation data-
set, the predictive performance was AUROC 0.75
(95% CI: 0.64—0.86, Supplemental Figure A.1B).

EGFR mutation status

In the discovery dataset, the EGFR mutation test
was not conducted in 30 patients in the =5Y use
group, largely because the EGFR mutation test

was previously not available in Taiwan. A total of
one hundred and seventy patients harbored the
exon 19 deletion mutation, 189 patients harbored
the exon 21 L858R point mutation, and 15
patients had other mutations, including mixed
mutations. There were two patients with unde-
tected EGFR mutation.

In the =5Y use group, 26 patients had progres-
sive disease after EGFR-TKIs treatment. Among
them, eight patients underwent tissue rebiopsy,
and T790M was detected in four patients. In the
<5Y use group, 72 patients underwent tissue
rebiopsy, and 36 patients had T790M mutation
(50%). The T790M mutation rates among
patients with EGFR exon 19 deletion mutation,
exon 21 L858R point mutation, and other muta-
tions were 56.8%, 40.7%, and 0%, respectively
(Supplemental Figure A.2).

Regarding the cfDNA analysis in the group with
=5Y single agent EGFR-TKI use, there were 33
patients with post-EGFR-TKI treatment plasma
samples collected close to the dates of latest fol-
low-up in patients without progression or the
dates of disease progression (Figure 3). Among
these 33 patients, 11 (33%) patients with pre-
EGFR-TKI plasma samples were analyzed; seven
had non-shedding tumors and four had shedding
tumors (three with exon 19 deletion and one with
L858R). Of these 33 patients with post-TKI
plasma samples, 24 (72.7%) had a tumor tissue
biopsy available for analysis before EGFR-TKI
treatment; 14 had an exon 19 deletion, eight had
L.858R, and two had other mutations. There were
nine patients who were not tested for EGFR
mutation due to unavailability of the test.

Of the 33 patients with post-EGFR-TKI treat-
ment plasma samples for analysis, two were posi-
tive for EGFR mutation among 25 (75.8%)
patients without progressive disease who were
still under treatment with TKIs; one patient har-
bored T790M, and the other had EGFR exon 19
deletion. Eight (24.2%) patients had progressive
disease under TKIs treatment, and T790M muta-
tion was detected in four of them, including two
with T790M alone and two with combined exon
19 deletion and LL858R (Figure 3).

Discussion

Advanced NSCLC patients who were adminis-
tered single first-generation EGFR-TKIs for =5Y
without disease progression were uncommon.
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Table 2. Multivariate analysis of factors associated with 5-year progression-free survival of lung cancer.

Multivariate model (stepwise selection)

OR 95% ClI p-value
Sex
Male 1.00
Female 2.223 1.294-3.817 0.0038
ECOG PS
2-3 1.00
0-1 5.201 1.914-14.131 0.0012
EGFR-TKI
Gefitinib 1.00
Erlotinib 1.989 1.136-3.484 0.0161
Postoperative recurrence
No 1.00
Yes 3.401 1.862-6.212 <0.0001
Oligo-metastatic lesions (<5)
No 1.00
Yes 3.605 2.141-6.071 <0.0001
Brain metastasis
Yes 1.00
No 3.400 1.794-6.446 0.0002
Bone metastasis
Yes 1.00
No 2.110 1.204-3.695 0.0090

ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; TKI, tyrosine

kinase inhibitor.

From this study, predictive factors with different
relative importance exist; with ECOG PS 0-1,
postoperative recurrence, without brain metasta-
sis, and oligometastasis (each with a correspond-
ing score of 2); and female sex, erlotinib use, and
without bone metastasis (each with a correspond-
ing score of 1). A risk-score model for EGFR-TKI
=5Y use was established and verified in the vali-
dation dataset. In addition, local treatment of the
primary tumor, including surgery, CCRT, and
radiotherapy during EGFR-TKI use may provide
further clinical benefit. From the cfDNA data,

either shedding or non-shedding tumors can have
a good outcome with long-term TKI use. For
those patients with persistent disease control,
most of them were without detectable EGFR
mutation in plasma.

Several factors, such as female sex, good PS, oli-
gometastasis, absence of brain metastasis, etc.,
are all well-known important prognostic factors
for EGFR-mutant lung cancer patients treated
with EGFR-TKIs. However, the relative impor-
tance of these factors has not been elucidated. As
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Table 3. Risk scores of each factor for the 5-year progression-free survival

of lung cancer.

Multivariate model (stepwise selection)

Regression coefficient p-value Score
Intercept -1.3724 <0.0001
Sex
Male 0
Female 0.3994 0.0038 1
ECOG PS
2-3 0
0-1 0.8244 0.0012 2
EGFR-TKI
Gefitinib 0
Erlotinib 0.3439 0.0161 1
Postoperative recurrence
No 0
Yes 0.6120 <0.0001 2
Brain metastasis
Yes 0
No 0.6120 0.0002 2
Oligo-metastatic lesions or not (<5)
No 0
Yes 0.6412 <0.0001 2
Bone metastasis
Yes 0
No 0.3732 0.0090 1

ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR,
epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

disease progression occurs about 1year after the
initiation of first-generation EGFR-TKIs in
EGFR-mutant patients, an exaggerated emphasis
on prolonged single EGFR-TKI use for =5Y
could differentiate the relative importance of each
factor clearer, especially through the risk score
model.

The effect of local treatment of the primary lung
tumor in advanced EGFR-mutant patients treated

with EGFR-TKIs remains unclear. In a rand-
omized phase III trial (ClinicalTrial.gov identi-
fier: WJTOG 3405) that compared gefitinib with
chemotherapy in patients with advanced EGFR-
mutant NSCLC, postoperative recurrence was
the only independent prognostic factor for overall
survival (OS) analysis and was statistically better
than de novo stage IIIB/IV disease. Using the Cox
proportional hazards model, the hazard ratio
(HR) was 0.459 (95% CI 0.312-0.673,
$»<<0.001).16¢ The OS of recurrent metastatic dis-
ease after treatment with curative intent may be
better than that of de novo metastatic disease, as
shown in several retrospective studies.!”-20 In our
study, besides postoperative recurrence, five
patients had recurrence after CCRT for curative
intent in the =5Y group.

In a study by Al-Halabi ez al.,?! the initial progres-
sion of EGFR-TKI-treated cancers occurred in
about half of the original disease sites, with-or-
without distant metastasis. There were reports of
survival improvement with radiotherapy for the
primary and oligometastatic sites in EGFR-TKI-
treated lung cancer patients.?2:23 Furthermore,
two reports found that primary tumor resection
improved survival in stage IV NSCLC patients in
the Surveillance, Epidemiology, and End Results
database.2%25 Therefore, concerning the effect of
the local treatment of primary tumors, consolida-
tion stereotactic body radiation therapy (SBRT)
and curative dose of radiotherapy only to the pri-
mary tumor in a subset of patients following TKI
response seemed feasible. Here, there were nine
patients who received radiotherapy, including
SBRT for the primary tumor lesion after the ini-
tial response to EGFR-TKIs (eight patients in the
=5Y use group and one patient in the <5Y use
group) even in the non-oligometastatic disease.
Furthermore, 22 (81.5%) out of 27 patients with
single agent use for =96 months in the =5Y use
group received a local treatment for the primary
lung tumor. Regardless of the recurrence after
operation or CCRT, or radiotherapy to the pri-
mary tumor during the response to EGFR-TKI
use, a lower tumor burden could be one of the
possible explanations for this difference in prog-
nosis for local treatment to the primary lung
tumor. Another hypothesis could be that after the
primary tumor eradication, immune competence
is restored, even if a metastatic tumor is present.2®
More prospective studies are needed to investi-
gate the effect of local treatment for primary
tumors and its association with long-term EGFR-
TKI use.
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In the present study, there was no difference in
the use of EGFR-TXKIs for =5Y between patients
with exon 19 deletion and those with LL858R.
However, the association between EGFR exon 19
deletions and prolonged survival in patients with
advanced NSCLC treated with EGFR-TKIs has
been reported in several studies.2’-31 The phe-
nomenon may be partly explained by more co-
occurring mutations in patients with L858R
mutation.??33 The occurrence of concomitant
mutations in patients with lung cancer using
EGFR-TKIs for =5Y with sensitizing EGFR
mutations needs to be investigated.

In this study, the risk score model using each fac-
tor had an AUROC of 0.82 (95% CI: 0.78-0.86)
in the discovery dataset. It was a good tool for the
prediction in patients with first-generation
EGFR-TKI single agent use of more than 5years.
In the validation dataset, there were no patients
with recurrence after CCRT or radiotherapy only
for the primary tumor lesion after the response to

Model (stepwise selection)

1.00 0.81 0.86 0490—0'9370"'95

Risk

0.10
0 1 2 3 4 5 6 7 8 9 10 M

Sum of risk score

Figure 2. Nomogram of the multivariate model of the risk scores. The
nomogram of the multivariate model of the risk scores were constructed
to predict the chances of PFS =5years with EGFR-TKIs treatment in non-
small cell lung cancer patients.

EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitors; PFS,
progression-free survival.
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Figure 3. The swimmer plot for PFS in 33 patients of the =5year use group. The detailed data included treatment PFS, pre-
treatment and post-treatment EGFR subtype of cfDNA and tissue biopsy, and the status of progressive disease.
cfDNA, circulating free DNA; EGFR, epidermal growth factor receptor; PFS, progression-free survival.
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EGFR-TKIs; this could reduce the predictive
ability of our risk score model. However, even
with this limitation, our risk score model still had
a modest predictive ability (AUROC, 0.75). A
larger sample size is needed in the future study.

According to the cfDNA data obtained in this
study, EGFR mutation was detected in two out
of 25 patients with persistent tumor control for
=5Y. There is a need for further investigation
as previous studies show that recurrences occur
early in patients with detectable plasma EGFR
mutation.3* In patients with disease progres-
sion, T790M was detected in 50% (4/8), com-
pared with 36.9% in our previous study after
treatment with first- and second-generation
EGFR-TKIs.!?

Our study had some limitations. Firstly, it was a
retrospective study; therefore, it had more bias
when compared with a prospective study.
Secondly, all patients in this study were
Taiwanese; therefore, our findings may not be
generalizable to other ethnic populations. Thirdly,
the cohort of the <5Y TKI use group was from a
single center, and the enrolment period was not
the same as that of the =5Y TKI use group.
Finally, in Taiwan, afatinib was reimbursed since
May 2014, and osimertinib was reimbursed since
April 2020. In the present study, we enrolled
patients with single first-generation EGFR-TKI
use for =5years. Therefore, few patients with
afatinib or osimertinib as first-line treatment
could be enrolled for analysis while we collected
the data.

Conclusion

In conclusion, in advanced EGFR mutant
NSCLC patients, predictive factors with different
relative importance exist in single first-generation
EGFR-TKI use for =5Y and were integrated
into an established and verified risk-score model,
which had a modest accuracy. According to the
cfDNA data, both shedding and non-shedding
tumors can have good outcomes with long-term
TKI use. For patients with persistent disease con-
trol, most of them had an indetectable EGFR
mutation in plasma. In addition, the role of local
treatment for primary tumors in patients with
long-term TKI use needs further investigation.
Further prospective research is required to con-
firm these results.
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