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Abstract
Background: T790M mutation causes resistance to tyrosine kinase inhibitors (TKIs)
in approximately 49% of patients with epidermal growth receptor-mutant non-small
cell lung cancer (NSCLC). The cause of resistance in the remaining half of the cases is
a minor mutation or unknown. Here, we conducted a retrospective study of epidermal
growth receptor-mutant NSCLC patients with T790M-negative or an unidentified
mutation to appraise the therapeutic response to first- or second-generation tyrosine
kinase inhibitors as a second-line treatment.
Methods: The study included 39 patients treated in our institution from April 2012
through March 2020 with second-line tyrosine kinase inhibitors or chemotherapy
after completing a first-line therapy with tyrosine kinase inhibitors.
Results: The patients were allocated to two groups: chemotherapy (n = 28) and a tyro-
sine kinase inhibitor (n = 11) groups. The median progression-free survival (PFS) was
5.4 months in the chemotherapy group and 3.4 months in the tyrosine kinase inhibi-
tor group (p-value = 0.36), while the median overall survival (OS) was 16.1 months in
the chemotherapy group and 12.8 months in the tyrosine kinase inhibitor group (p-
value = 0.20). This study showed no significant difference in PFS and OS between the
chemotherapy and tyrosine kinase inhibitor groups.
Conclusions: These observations suggest that first- and second-generation tyrosine
kinase inhibitors are not recommended for second-line treatment in epidermal growth
factor receptor-mutated NSCLC patients with T790M-negative mutation who have
received tyrosine kinase inhibitors as first-line treatment.
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INTRODUCTION

Among all lung adenocarcinoma cases, epidermal growth
factor receptor (EGFR) mutations account for 47.9% in the
Asian population and 45% in the Japanese population.1, 2

Based on clinical trials showing improvement of
progression-free survival (PFS) following treatment with
first- and second-generation EGFR tyrosine kinase inhibi-
tors (TKIs), EGFR TKIs have become the first-line treat-
ment for EGFR mutation-positive adenocarcinomas.3–6 The
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AURA3 study showed that osimertinib, a third-generation
EGFR TKI, is effective as a second-line treatment for T790M
mutation-positive lung adenocarcinomas.7 The FLAURA study
showed that, as first-line therapy, osimertinib is superior to
gefitinib or erlotinib to prolong PFS and overall survival (OS).8

Therefore, osimertinib is currently the first therapeutic choice
for EGFR mutation-positive lung adenocarcinoma. However,
there is no effective second-line treatment for patients with
T790M mutation-negative or unidentified mutations who have
received a first- or second-generation EGFR TKI as first-line
therapy. In the FLAURA study, patients from the control
(27%) and osimertinib (29%) groups received first- or second-
generation EGFR TKI as second-line treatment.9 As patients
treated with first- or second-generation TKIs were long-living,
we hypothesized that the therapeutic efficacy as a second-line
treatment of first- or second-generation EGFR TKIs and che-
motherapy would be different. To demonstrate this hypothesis,
in the present study, we compared the therapeutic efficacy
between chemotherapy and first- or second-generation EGFR
TKIs as the second-line treatment in EGFR-mutated non-small
cell lung cancer (NSCLC) patients with T790M-negative or
unknown mutation.

METHODS

Patients

We retrospectively conducted this study using data retrieved
from electronic medical records in our institution from April
2012 through March 2020. The study included 39 patients
treated with second-line tyrosine kinase inhibitors or chemo-
therapy after completing a first-line therapy with TKIs (Figure 1).
The total number of patients treated with EGFR-TKI during the
study period was 189. We excluded patients in which first-line
therapy had been discontinued because of adverse events
(n = 10), patients treated with chemotherapy as first-line

therapy (n = 30), with EGFR TKIs in the presence of EGFR
wild-type (n = 52), with osimertinib as second-line therapy
(n = 5), or patients under ongoing EGFR TKI therapy (n = 53)
(Figure 1). The patients were allocated into two groups: chemo-
therapy (n = 28) and tyrosine kinase inhibitor (n = 11) groups.
The reasons for treating patients with tyrosine kinase inhibitors
were as follows: five patients refused treatment with chemother-
apy, four had poor performance status, one had a metastatic
tumor in the brain, and one was an elderly patient.

Statistical analysis

Continuous variables were assessed using the Mann–Whit-
ney U test and categorical variables using Fisher’s test. The
Kaplan–Meier method and the log-rank test were used for
comparing survival. Multivariate analysis was performed
using the Cox proportional hazards regression analysis. The
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 was used to determine efficacy. OS was defined
as the time from the initial day of the second-line treatment
to death. p < 0.05 was considered statistically significant. We
performed all statistical analyses using the EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), a
graphical user interface for R (The R Foundation for Statisti-
cal Computing, Vienna, Austria); this is a modified version
of the R commander designed to add statistical functions
frequently used in biostatistics.10

RESULTS

Response rate and survival

In the study, we included 39 out of 189 patients with a history
of treatment with TKIs (Figure 1). Tables 1 and 2 show the
patient characteristics. The chemotherapy group included 28

F I G U R E 1 Study flow chart. A total
of 39 patients out of 189 patients with a
history of tyrosine kinase treatment were
included in the study. EGFR, epidermal
growth factor receptor, TKI, tyrosine
kinase inhibitor
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patients (71.8%), whereas the TKI (28.2%) group included 11
patients. The Eastern Cooperative Oncology Group performance
status (ECOG PS) at the start of first-line treatment was signifi-
cantly better in the chemotherapygroup (p= 0.04) than in theTKI
group. However, there was no bias in other patient backgrounds.
Theoverall response ratewas46.4%(95%confidence interval [CI]:
27.5%–66.1%) in the chemotherapy group and 36.4% (95%
CI: 10.9%–69.2%) in the TKI group (p = 0.725). The disease con-
trol rate was 71.4% (95% CI: 51.3%–86.8%) in the chemotherapy
group and 54.5% (95% CI: 23.4%–83.3%) in the TKI group
(p = 0.45). The median PFS was 5.4 months (95% CI: 3.2–

11.0 months) in the chemotherapy group and 3.4 months (95%
CI: 2.0–9.4months) in the TKI group (Figure 2). Themedian sur-
vival timewas16.1months (95%CI:10.5–32.9months) in the che-
motherapy group and 12.8 months (95% CI: 3.0–24.6 months) in
theTKIgroup(Figure2).

Univariate and multivariate analysis

Univariate analysis showed that ECOG-PS and metastasis in
bones, liver, and brain significantly affected the PFS and OS

T A B L E 1 Patient characteristics during first-line therapy

Group Chemotherapy group (%) TKI group (%) p-values
Number of patients n = 28 n = 11

Median age 69.0 68.0 0.754

Gender Male 8 (28.6) 5 (45.5) 0.453

Female 20 (71.4) 6 (54.5)

EGFR mutation Ex19del 17 (60.7) 5 (45.5) 0.62

Ex21.L858R 10 (35.7) 6 (54.5)

Ex18 1 (3.6) 0 (0.0)

PD-L1 status <1% 4 (14.3) 0 (0.0) 0.35

1%–49% 3 (10.7) 1 (9.1)

>50 0 (0.0) 1 (9.1)

Not evaluated 21 (75.0) 9 (81.8)

ECOG PS at first-line 0 20 (71.4) 5 (45.5) 0.042

1 6 (21.4) 2 (18.2)

2 1 (3.6) 4 (36.4)

3 1 (3.6) 0 (0.0)

Disease stage I 0 (0.0) 1 (9.1) 0.127

III 1 (3.6) 2 (18.2)

IV 19 (67.9) 5 (45.5)

Recurrence 8 (28.6) 3 (27.3)

T790M since the third-line Positive 4 (14.3) 2 (18.2) 1

Negative 9 (32.1) 3 (27.3)

Not evaluated 15 (53.6) 6 (54.5)

Smoking status Non-smoker 6 (54.5) 19 (67.9)

Smoker/ever smoker 5 (45.5) 9 (32.1)

First-line treatment Gefitinib 16 (57.1) 9 (81.8) 0.648

Erlotinib 5 (17.9) 1 (9.1)

Afatinib 4 (14.3) 1 (9.1)

Osimertinib 3 (10.7) 0 (0.0)

Liver metastasis Positive 2 (7.1) 1 (9.1) 1

Negative 26 (92.9) 10 (90.9)

Carcinomatous pleurisy Positive 14 (50.0) 3 (27.3) 0.288

Negative 14 (50.0) 8 (72.7)

Bone metastasis Positive 9 (32.1) 3 (27.3) 1

Negative 19 (67.9) 8 (72.7)

Brain metastasis Positive 3 (10.7) 4 (36.4) 0.083

Negative 25 (89.3) 7 (63.6)

Abbreviations: Chemo, chemotherapy; ECOG, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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as assessed by the log-rank test (p < 0.1). Age also affected
the PFS and OS. Therefore, we included seven factors in
the multivariate analysis. Age (≥75 years and <75 years),
ECOG PS (≥3 and <3) during first- and second-line ther-
apy, and the presence or absence of metastasis in the brain,
liver, and bones (Table 3). The dependent factors that
predicted the PFS (hazard ratio [HR] = 5.24; 95% CI: 1.91–
14.41, p = 0.0013) were ECOG PS during second-line treat-
ment and brain metastasis (HR = 5.05 [95% CI: 1.75–
14.53], p = 0.0027). On the other hand, the dependent fac-
tors that predicted the OS were ECOG PS during second-
line treatment (HR = 3.19 [95% CI: 1.25–8.18] p = 0.015)
and age (HR = 2.81 [95% CI: 1.00–7.84] p = 0.049)
(Table 3).

DISCUSSION

This study showed no significant difference in PFS and OS
between the chemotherapy and TKI groups.

T790M mutation has been reported to cause therapeutic
resistance to first- or second-generation TKIs in approxi-
mately 49% of EGFR mutant-associated lung adenocarci-
nomas.11 Osimertinib has been reported to be the most
effective treatment approach for T790M-positive lung ade-
nocarcinomas.7 However, there is no definite therapeutic
choice for T790M-negative adenocarcinomas. The

continuous use of the same TKI despite progressive disease
in resistant cases has previously been reported to have
shown no clinical benefit.12–14 The indication for different
TKIs or cytotoxic drugs may be considered as therapeutic
options. Indeed, several studies have reported the effective-
ness of chemotherapy after the administration of TKIs.15–20

For example, a favorable clinical response has been previ-
ously observed with the combination of platinum-doublet
and pemetrexed, or with the combination of docetaxel and
ramucirumab.19, 20

The mechanism of tyrosine kinase inhibition by
gefitinib, erlotinib, and afatinib is different. Therefore, an
indication of an EGFR TKI different from that initially used
may be another alternative option for the treatment of resis-
tant tumors.21 In cases resistant to gefitinib, erlotinib used
as second-line treatment has been shown to be moderately
effective, although less effective than chemotherapy.19, 22, 23

In previous studies, the response rate to afatinib was 8.2%,
and the impact of afatinib on overall survival was reported
to be significantly different from placebo in patients with
progressive tumors after treatment with first-generation
TKIs.24, 25 However, patients with poor ECOG PS were not
included in these previous clinical trials, and thus the results
may be incomparable to those observed in the real-world
clinical setting.23–25 Here, we report the results observed in
the real-world clinical setting. From our findings, ECOG PS
was an independent factor for PFS in the multivariate

T A B L E 2 Patient characteristics during second-line therapy

Factor Group Chemotherapy group (%) TKI group p-value
Number of patients n = 28 n = 11

Median age 70.0 68.0 0.65

Second-line treatment Afatinib 0 (0.0) 5 (45.5) <0.001

Erlotinib 0 (0.0) 6 (54.5)

Platinum-based chemotherapy 17 (60.7) 0 (0.0)

Nonplatinum based chemotherapy 11 (39.3) 0 (0.0)

Osimertinib approved Before 15 (53.6) 4 (36.4) 0.48

After 13 (46.4) 7 (63.6)

ECOG PS 0 13 (46.4) 2 (18.2) 0.288

1 5 (17.9) 3 (27.3)

2 8 (28.6) 4 (36.4)

3 1 (3.6) 2 (18.2)

4 1 (3.6) 0 (0.0)

Liver metastasis Positive 6 (21.4) 1 (9.1) 0.649

Negative 22 (78.6) 10 (90.9)

Carcinomatous pleurisy Positive 13 (46.4) 4 (36.4) 0.725

Negative 15 (53.6) 7 (63.6)

Bone metastasis Positive 13 (46.4) 3 (27.3) 0.471

Negative 15 (53.6) 8 (72.7)

Brain metastasis Positive 4 (14.3) 5 (45.5) 0.085

Negative 24 (85.7) 6 (54.5)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; TKI, tyrosine kinase inhibitor.
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F I G U R E 2 Progression-free survival (PFS) and overall survival (OS) in each group of patients. The median PFS was 5.4 months in the chemotherapy
group and 3.4 months in the tyrosine kinase inhibitor (TKI) group. The median survival time was 16.1 months in the chemotherapy group and 12.8 months
in the TKI group. CI, confidence interval; MST, median survival time; PFS, progression-free survival; OS, overall survival

T A B L E 3 Multivariate analyses for progression-free and overall survival

n

Progression-free survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value

Age

<75 31 Ref 0.81 Ref 0.049

≧75 8 1.13 (0.41–3.10) 2.81 (1.00–7.84)

ECOG PS at first-line

0–1 33 Ref 0.58 Ref 0.89

2–4 6 0.72 (0.22–2.35) 0.92 (0.28–3.03)

ECOG PS at second-line

0–1 23 Ref 0.0027 Ref 0.015

2–4 16 5.05 (1.75–14.53) 3.19 (1.25–8.18)

Second-line treatment

TKIs 11 Ref 0.90 Ref 0.57

Chemotherapy 28 1.06 (0.42–2.65) 0.74 (0.26–2.12)

Liver metastasis

Negative 36 Ref 0.13 Ref 0.33

Positive 3 3.45 (0.70–16.87) 0.44 (0.08–2.35)

Bone metastasis

Negative 27 Ref 0.47 Ref 0.050

Positive 12 5.45 (1.83–16.28) 3.06 (1.00–9.36)

Brain metastasis

Negative 32 Ref 0.0024 Ref 0.28

Positive 7 5.36 (1.81–15.81) 1.89 (0.60–6.00)

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; TKIs, tyrosine kinase inhibitors.
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analysis. A poor ECOG PS may influence the selection of
EGFR TKI for a second-line treatment because the fre-
quency of adverse effects is less using TKIs. However, con-
ducting a similar prospective study is challenging because it
would be against the interests of, and possibly detrimental
to, patients with poor ECOG PS. A study conducted using
real-world data before the launch of osimertinib revealed
that there was no difference in OS between second-line
treatments and that ECOG PS was a prognostic factor.26

ECOG PS improved in T790M-positive lung cancer patients
after treatment with osimertinib.27 However, real-world data
showed that the median OS (9 months) of patients with
ECOG PS ≥2 patients treated with osimertinib as second-
line therapy was shorter than patients with ECOG PS 0
or 1.28

Clinical trials are currently underway to assess the effi-
cacy of novel molecular-targeted drugs or immune check-
point inhibitors in EGFR-mutated lung adenocarcinoma
patients with T790M-negative or with an unknown muta-
tion.29 These studies may provide new strategies for treating
patients with EGFR mutation-associated NSCLC with
T790M-negative or unidentified mutations.

The inclusion of patients from a single-institution, the
retrospective nature of our study, and the small number of
cases are limitations of our current study. Another limita-
tion of our study is the inclusion of cases in which the
T790M test was not performed (53.8%) because the
patients died before osimertinib was available in Japan.
Future studies should validate the results reported here in a
larger population and in patients from multiple
institutions.

In conclusion, the present results showed no significant
difference in PFS and OS between the chemotherapy and
TKI groups for second-line treatment in EGFR-mutated
NSCLC patients with T790M-negative mutation that
received EGFR tyrosine kinase inhibitors as first-line
treatment.
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