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Abstract

Background: When epidermal growth factor receptor (EGFR) gene mutation-positive non-small cell lung cancer
(NSCLC) acquires resistance to the initial tyrosine kinase inhibitor (TKI) treatment, reassessing the tumor DNA by
re-biopsy is essential for further treatment selection. However, the process of TKI-sensitive tumor re-progression
and whether re-biopsy is possible in all cases of acquired resistance to EGFR-TKI remain unclear.

Methods: We retrospectively analyzed data from 69 consecutive patients with EGFR gene mutation-positive advanced
NSCLC who had been treated with EGFR-TKI and exhibited disease relapse after initial disease remission. The relapsing
lesions were identified at the time of RECIST-progressive disease (PD) and clinical-PD (when the attending physician
judged the patient as clinically relapsing and stopped EGFR-TKI therapy). We determined the potential re-biopsy
methods for each relapsing lesion and evaluated their feasibility according to difficulty and invasiveness criteria as
follows: category A, accessible by conventional biopsy techniques; category B, difficult (but possible) to biopsy
and accessible with invasive methods; and category C, extremely difficult to biopsy or inaccessible without using
highly invasive methods, including surgical biopsy.

Results: The total feasibility rate of re-biopsy (category A or B) was 68% at RECIST-PD and 84% at clinical-PD, and
the most common accessible relapsing lesions were primary tumors at RECIST-PD and pleural effusion at clinical-
PD. All relapsing lesions at primary sites (categories A and B) were assessed as having the potential for re-biopsy.
However, re-biopsy for metastasis was assessed as difficult in a substantial proportion of the study population
(42 and 20% category C at RECIST-PD and clinical-PD, respectively).

Conclusions: Re-biopsy of relapsing disease is feasible in many cases, although it may present difficulties in cases
with, e.g., metastatic relapsing lesions. To facilitate treatment strategies in NSCLC patients with relapse after EGFR-
TKI therapy, re-biopsy should be standardized with the use of simpler and more reliable methods.
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Background
Lung cancer is the leading cause of cancer death globally.
Up to 85% of lung cancers are non-small cell lung cancer
(NSCLC), and they occur most frequently in an advanced
stage of adenocarcinoma [1]. Epidermal growth factor re-
ceptor (EGFR)-activating mutation is one of the most com-
mon oncogenic driver mutations, especially in eastern Asia
(including Japan). EGFR tyrosine kinase inhibitor (EGFR-
TKI) is a first-line treatment option for patients with ad-
vanced NSCLC harboring EGFR mutations [2, 3], and
many patients show clinical remission or disease control
following treatment. However, after the initial response,
most patients eventually experience disease progression.
Recent studies have reported on the mechanisms of

drug resistance to EGFR-TKIs [4], and the most com-
monly identified is an additional single base substitu-
tion, T790 M, of the EGFR gene. Several rare resistant
mutations, such as MET gene amplification or PTEN
gene deletion, have also been identified [5]. Based on
these resistant mechanisms, new and irreversible
EGFR-TKIs have been found to be clinically effective in
inhibiting the growth of NSCLC tumors with resistance
to earlier EGFR-TKIs [6].
To facilitate new aspects of disease understanding and

management, reassessing the tumor tissue at the time of
disease progression is necessary to identify the muta-
tional status of the acquired resistance [7]. To estimate
the feasibility of re-biopsy in each patient, the possibility
of obtaining sufficient tissue samples from relapsing le-
sions that re-grow or newly appear at the time of disease
progression should be evaluated. However, in the clinical
setting, re-biopsy can prove challenging in certain in-
stances. Although recent reports have addressed the im-
portance of re-biopsy, the mechanisms underlying the
development of relapsing lesions and the possibility of
re-biopsy of lesions in patients with resistance to EGFR-
TKI remain unclear.
In the current study, we retrospectively investigated

the patterns of disease progression and the feasibility of
re-biopsy of targeted relapsing tumor lesions following
the development of EGFR-TKI resistance in patients
with NSCLC.

Methods
Patients
A total of 171 patients with NSCLC and EGFR gene mu-
tation began EGFR-TKI treatment from 2008 to 2014 at
our institute. Among these, 69 patients showed disease
remission and subsequent disease re-progression, despite
continuing EGFR-TKI treatment. The feasibility of re-
biopsy for relapsing disease was evaluated in all 69
patients. Approval for this study was granted by the
institutional review board (Fujita-HM16–283).

Evaluation
Data were collected from patients’ medical records and
a radiological image database, and two separate time
points of relapsing disease were determined. The Re-
sponse Evaluation Criteria In Solid Tumors (RECIST)-
progressive disease (PD) time point was determined
based on RECIST ver. 1.1 [8]. The clinical progressive
disease (clinical-PD) time point was determined when
the attending physician judged the lung cancer lesions to
have progressed and the patient ceased EGFR-TKI ther-
apy. The PD lesion (the lesion that led to the judgment
of disease progression) was identified in the radiological
images from both the RECIST-PD and clinical-PD time
points. The size and site of PD lesions were investigated,
and each lesion was evaluated for the feasibility of re-
biopsy (accessibility and invasiveness of assumed biopsy
methods) according to the criteria described below and
in Table 1. When more than two lesions were identified
as relapsing in a patient, all lesions were subsequently
evaluated. Among these lesions, the most easily access-
ible lesion for biopsy was considered the “dominant
lesion” and included in further analyses.

Criteria for the feasibility of re-biopsy
Two pulmonologists (S.U. and K.I., with 10 and 25 years
of experience in thoracic imaging, respectively) evaluated
whether re-biopsy was feasible by reviewing the images
from both the RECIST-PD and clinical-PD time points.
The modality of re-biopsy (trans-bronchial lung biopsy
[TBB], CT-guided needle biopsy [CTNB], or surgical bi-
opsy) was selected virtually, according to the size and lo-
cation of the lesions. The technical difficulty of the
selected modality and the invasiveness to patients were
assessed for each PD lesion and categorized into one of
three categories: category A, accessible with conven-
tional techniques; category B, difficult (but possible) to
biopsy and accessible with invasive methods; and cat-
egory C, extremely difficult to biopsy or inaccessible
without using highly invasive methods. In this study, no
PD lesion was identified for which an endobronchial
bronchoscopic re-biopsy would be most suitable.
The feasibility of TBB re-biopsy for intra-pulmonary le-

sions was estimated according to the lesion size and com-
puted tomography (CT) bronchus sign, which was
determined by the relationship between the target lesion
and the nearest bronchus, as described by Minezawa et al.
[9]. Lesions with a positive CT bronchus sign (bronchus
leading to the target lesion could be identified in a thin-
slice chest CT) and diameter ≥ 2 cm were categorized as
category A (represented in Fig. 1a-c), as we previously re-
ported that the diagnostic yield with TBB when using
endobronchial ultrasound with a guide sheath system for
these lesions could be more than 80% [9]. Lesions that
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Table 1 Criteria to evaluate the feasibility of biopsy for the progressive lesions

Feasibility of biopsy Criteria

Category A
Accessible using conventional techniques

Lung nodules of long diameter≥ 2 cm and positive CT bronchus signa for TBB
Pulmonary infiltration (lymphangitis) for TBLB

Intrapulmonary lesions of long diameter≥ 1 cm and ≤5 cm distant from the thoracic wall
for CTNB

Hilar or mediastinal lymph node (#2, 4, 7, 8, 10, 11, 12) enlargement with a long diameter
≥ 1 cm for EBUS-TBNA (EUS-FNA)

Pleural effusion with a mean thickness≥ 1 cm on chest CT image for thoracentesis

Peripheral lymph node or cutaneous lesions of long diameter≥ 2 cm for needle biopsy
Bone metastasis with invasion to surrounding soft tissue for CTNB

Category B
Invasive or difficult (but possible) to biopsy

Lung nodules of long diameter 1≤ and <2 cm with positive CT bronchus sign for TBB

Intrapulmonary lesions of long diameter < 1 cm and ≤5 cm distant from the thoracic wall, or
lesions of long diameter≥ 1 cm and >5 cm distant from the thoracic wall for CTNB
Hilar or mediastinal lymph node #2, 4, 7, 8, 10, 11, 12) enlargement of long diameter < 1 cm
for EBUS-TBNA (EUS-FNA)

Pleural effusion with mean thickness < 1 cm on chest CT image for thoracentesis

Intra-abdominal lesions (including hepatic or adrenal metastases) of long diameter≥ 2 cm
for CTNB
Peripheral lymph node or cutaneous lesions of long diameter < 2 cm for needle biopsy

Category C
Extremely difficult to biopsy or highly invasive

Lung nodules of long diameter < 1 cm or negative CT bronchus for TBB
Intrapulmonary lesions of long diameter < 1 cm and >5 cm distant from the thoracic wall for CTNB
Mediastinal lymph node accessible only by surgical mediastinoscopy or thoracoscopy
Intra-osseous lesions (bone metastasis)
Intracranial lesions and meningeal carcinomatosis
Any lesions anatomically accessible only by surgical procedures

aCT bronchus sign defined according to the relationship between the target lesion and nearest bronchus [9]
TBB transbronchial biopsy, TBLB transbronchial lung biopsy, CTNB CT-guided needle biopsy, EBUS-TBNA endobronchial ultrasound guided transbronchial needle
aspiration, EUS-FNA endoscopic ultrasound fine needle aspiration, US ultrasound

A

F G H I

B C D E

Fig. 1 Representative cases for the assessment of re-biopsy feasibilityProgressive or relapsing sites were evaluated for the feasibility of re-biopsy
according to the criteria shown in Table 1. a Lung nodule (long diameter≥ 2 cm) with a responsive bronchus leading to the center of the lesion
(category A for trans-bronchial biopsy [TBB]). b Lung nodule adjacent to the nearest bronchus (category A for TBB). c Lung nodule not reaching a
responsive bronchus but accessible by CT-guided needle biopsy (CTNB) (long diameter < 1 cm and ≤5 cm distant from the thoracic wall category
B for CTNB). d Diffuse pulmonary infiltration presenting a lymphangitic distribution (category A for trans-bronchial lung biopsy [TBLB]). e Small
pulmonary metastases (not feasible or extremely difficult for TBB or CTNB; category C). f Brain metastases (surgical resection required; category C).
g Solitary pleural metastasis (long diameter≤ 1 cm; category B for CTNB). h Para-aortic lymph node metastasis, front and adjacent to the abdominal
aorta (CTNB is highly unsafe; category C). i Bone metastasis with extra-osseous invasion (category A for CTNB)
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had a negative CT bronchus sign or were <1 cm in diam-
eter were categorized as category C for TBB (Fig. 1e).
The feasibility of using CTNB for pulmonary lesions

was determined according to the lesion’s size and
distance from the chest wall. As previously reported, the
diagnostic yield of CTNB for lesions with a diameter
< 1 cm would be significantly decreased [10]. Thus,
lesions that had a diameter ≥ 1 cm and were ≤5 cm
distant from the chest wall were categorized as category A
(Fig. 1g). In addition, as CTNB for lesions distant from the
chest wall might be possible but difficult and might have a
greater risk of pneumothorax complication, lesions that
were located >5 cm from the nearest chest wall were cate-
gorized as category B for CTNB.
The feasibility of endobronchial ultrasound-guided trans-

bronchial needle aspiration (EBUS-TBNA) for mediastinal
or hilar lymph nodes was determined by their size and loca-
tion (lymph node station). Enlarged lymph nodes (long
diameter ≥ 1 cm) at #2, #4, #7, #8, #10, #11, or #12 stations
were categorized as category A for EBUS-TBNA (#8 for
endoscopic ultrasound-fine needle aspiration (EUS-FNA)).
However, lymph nodes that were unreachable by EBUS-
TBNA or EUS-FNA (#3, #5, #6, #9 stations) were catego-
rized as category C, as surgical mediastinoscopy or thoraco-
scopy would be required to biopsy these lymph nodes.
Pleural effusion showing a mean thickness ≥ 1 cm on chest
CT images was categorized as category A based on a previ-
ous report indicating that effusions thicker than 1 cm on
radiography are sufficiently large for sampling by thoracent-
esis [11]. Peripheral metastatic lesions (peripheral lymph
nodes or cutaneous metastases) were also categorized into
category A for needle biopsy. Intracranial lesions (brain me-
tastases) were classified into category C, as biopsies on
brain metastases typically require surgical procedures
(Fig. 1e). Lumbar punctures for malignant meningitis were
also categorized as category C because of the associated
low sensitivity of disease diagnosis [12, 13]. CTNB for
intra-osseous lesions was categorized as category C because
such samples require processing by decalcification, which
may damage the DNA for further analyses. However, bone
metastases accompanied by invasion of the surrounding
soft tissue were categorized as category A (Fig. 1i). Other
metastatic lesions accessible only by surgical procedures
were also categorized as category C (Fig. 1h).
According to these criteria, we evaluated all relapsing

lesions of the 69 patients with EGFR-TKI-resistant
NSCLC and determined the feasibility of re-biopsy for
each, according to categories A, B, or C. If a patient had
two or more relapsing lesions with different feasibility
categories, the highest category (A > B > C) was applied.

Statistical analysis
Statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),

a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) (http://
www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statme-
dEN.html) [14]. Progression-free survival, overall sur-
vival, and the time interval between the RECIST-PD
and clinical-PD were estimated using the Kaplan–
Meier method. McNemar’s chi-squared test was used
to evaluate the differences in feasibility between the
two PD time points. Values of p < 0.05 were consid-
ered statistically significant.

Results
During the study period, 69 NSCLC patients were iden-
tified as having acquired resistance to EGFR-TKI therapy
after previous tumor shrinkage. Patient characteristics
are shown in Table 2. The median age was 66 years
(range 40–88), and 62% of the patients were women. All
cases were, pathologically, adenocarcinomas, except for
one pleomorphic carcinoma, and all were EGFR-
mutation positive. The median progression-free survival
was 13.9 months (95% confidence interval [CI], 5.5–
22.6 months), and the median overall survival was
20.0 months (95% CI, 7.9–32.1 months). We analyzed
the relapse sites and feasibility of re-biopsy in each case.

Relapse or relapsing sites after EGFR-TKI treatment failure
We analyzed all relapsing lesions in each patient at the
RECIST-PD and clinical-PD time points and selected the
most easily accessible lesion for re-biopsy as the estimated
target site (Fig. 2). The most common estimated re-biopsy
target site was the re-grown primary lung tumor at the
time of RECIST-PD. The second most common site was
intra-pulmonary metastasis, and the third was brain me-
tastasis. At the clinical-PD time point, the most common
lesion was pleural effusion, followed by primary lung le-
sion, intra-pulmonary metastasis, and brain metastasis.
The median time interval between the RECIST-PD and
the clinical-PD was 38 days (95%CI, 12–82 days).

Feasibility of re-biopsy of relapsed lesions
The feasibility of re-biopsy of the most accessible relaps-
ing lesion (lesions with the highest category; A > B > C
[Table 1]) was assessed for each patient at RECIST-PD
and clinical-PD (Fig. 2). At both the RECIST-PD and
clinical-PD time points, relapsing lesions were frequently
distributed in intrapulmonary lesions, including both
primary and metastatic lesions. Among the intrapulmon-
ary relapsing lesions, all those at primary sites were eval-
uated as category A (accessible with conventional
techniques), whereas those at metastatic sites were eval-
uated as A, B (accessible with invasive methods or diffi-
cult [but possible] to biopsy), or C (inaccessible without
highly invasive methods or extremely difficult to biopsy)
(Table 1). All cases with pleural effusion, which was the
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most frequent relapse site at the clinical-PD time point,
were categorized as category A. Brain metastases, which
were the third and fourth most common relapse sites at
the RESIST-PD and clinical-PD time points, respectively,
were categorized as category C. Most bone metastases
were evaluated as category C. Relapses with abdominal
lesions, including liver and adrenal metastases, were
evaluated as category B. Mediastinal lymph node re-
lapses were accessible by EBUS-TBNA; thus, all such
cases were categorized as category A.

Comparison of re-biopsy feasibility between RESIST-PD
and clinical-PD
The total feasibility of re-biopsy is shown in Fig. 3a. At the
RECIST-PD time point, the re-biopsy feasibility for the

category A, B, and C relapse sites was 55, 13, and 32, re-
spectively. At the clinical-PD time point, the feasibility of
categories A, B, and C was 74, 10 and 16%, respectively.
The total feasibility rate of re-biopsy (category A or B) at
the clinical-PD was 84% and was significantly higher than
that at the RECIST-PD, which was 68% (p = 0.0389). As
expected, these data indicated that the feasibility of re-
biopsy might increase with disease progression.
Notably, the relapsing lesion type with the highest

feasibility category was metastatic lesions (77% of cases
at RECIST-PD and 80% at clinical-PD). This finding in-
dicates that re-biopsy samples can be obtained mainly
from metastatic lesions in the clinical setting. Further-
more, the estimated biopsy feasibility from metastatic le-
sions was lower than that from regrowth lesions at
primary sites. As shown in Fig. 3b, the feasibility of re-
biopsy for primary lesions was evaluated as category A
in all cases at both the RECIST-PD and clinical-PD time
points. However, the feasibility of re-biopsy for meta-
static lesions was evaluated as 42/17/42% for categories
A/B/C, respectively, at RECIST-PD, and as 66/13/20%
for categories A/B/C, respectively, at clinical-PD. This
finding suggests that the feasibility of re-biopsy for re-
lapsing lesions in metastatic disease varies among pa-
tients and that re-biopsy becomes less complex as
progressive or relapsing lesions develop over the clinical
course. However, our data also indicate the difficulty and
invasiveness of performing re-biopsy in some patients,
even at the clinical-PD time point.

Discussion
In treatment strategies based on recent developments in
mutation research in NSCLC, re-biopsy has become es-
sential for investigating the tolerance mechanism of a
progressed tumor after the initial TKI therapy [15]. At
present, however, re-biopsy is performed only in selected
cases in which disease lesions are easily accessible using
conventional methods of biopsy [16, 17]. It is not clear
whether re-biopsy could be applied as a standard
technique in all cases of disease progression after
chemotherapy. Few reports have evaluated the feasibility
of re-biopsy at the time of PD in the clinical setting
[18, 19]. In this study, data from all patients with re-
lapsing disease after EGFR-TKI therapy at our insti-
tute were evaluated for the feasibility of re-biopsy by
determining definite feasibility criteria for re-biopsy.
We found a total feasibility of re-biopsy of 68% at the
RECIST-PD time point and 84% at the clinical-PD
time point. Although these percentages are relatively
high, our study clearly indicates that a certain number
of patients exist in whom re-biopsy at the time of PD
would be extremely difficult or overly invasive. This
finding may represent a critical disadvantage for the

Table 2 Patient characteristics

Total number of patients 69

Age (years)

Median (range) 66 (40–88)

Gender

Male 26 (38%)

Female 43 (62%)

ECOG performance status (at the start of EGFR-TKIa)

0 34 (49%)

1 17 (25%)

2 17 (25%)

≥ 3 1 (1%)

Pathologic diagnosis

Adenocarcinoma 68 (99%)

Pleomorphic carcinoma 1 (1%)

Stagea (at initial diagnosis)

I 4 (6%)

II 4 (6%)

III 9 (13%)

IV 52 (75%)

EGFR mutation

Exon 19 deletion 33 (48%)

Exon 21 L858R 31 (45%)

Other 5 (7%)

EGFR-TKI treatment

Gefitinib 57 (83%)

Erlotinib 12 (17%)

Line of EGFR-TKI therapy

First line 37 (53%)

Second line 19 (29%)

Third line or greater 13 (18%)
aStaging procedures were carried out using the 7th edition of the American
Joint Committee on Cancer (AJCC) Cancer Staging Manual
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affected patients. The development of a robust and
non-invasive re-biopsy method is therefore of
importance [20, 21].
Our study also demonstrated that the feasibility of re-

biopsy depends on the anatomical site and the size of the
relapsed lesion. Re-biopsy is less complex if the tumor

relapses as a pleural effusion or does so in a primary
tumor growth of a certain size. Yoon et al. (2012) reported
ineligible factors for biopsy by CT-guided lung biopsy that
depended on the anatomical situation of the lesion, such
as adjacency to a large central bronchus or vessels and
miliary or diffuse distribution [22]. In cases with

Fig. 2 Distribution of dominant (most accessible) relapse sites and feasibility of re-biopsy of each lesion at RECIST-PD and clinical-PD In the 69 patients
analyzed, the most common estimated re-biopsy target site at RECIST-PD was the re-grown primary tumor (lung), the second most common was
intra-pulmonary metastasis, and the third was brain metastasis. At clinical-PD, the most frequent lesion was pleural effusion followed by primary lung
lesions, intra-pulmonary metastases and brain metastases. The feasibility of re-biopsy was evaluated according to the criteria presented in Table 1

A

B

Fig. 3 a Total proportion of re-biopsy feasibility at RECIST-PD and clinical-PD Re-biopsy feasibility may increase with disease progression. At RECIST-PD,
55, 13, and 32% of lesions were category A, B, and C, respectively. At clinical-PD, 74, 10, and 16% were category A, B, and C, respectively. b Comparison
of re-biopsy feasibility at primary and metastatic lesions Re-biopsy for primary lesions was evaluated as category A in all cases, both at RECIST-PD and
clinical-PD. However, the feasibility of re-biopsy of relapsed lesions in metastatic disease varies among patients and re-biopsy becomes less complex as
progressive or relapsed lesions develop in the clinical course. Re-biopsy may be highly invasive or complex (category C) in some patients
with metastatic relapse, even at clinical-PD
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intracranial metastases, re-biopsy would be highly invasive
and often impossible for older or disabled patients. It is
also difficult to obtain high-quality DNA samples from
intraosseous lesions because biopsy specimens from such
lesions require processing by decalcification. Thus, if an
intracranial or intraosseous lesion was the only relapsing
site at PD, the re-biopsy feasibility was categorized as cat-
egory C in our study. As previously reported, the anatom-
ical site of the relapsing lesion is one of the major
limitations to re-biopsy [23]. The retrospective study of
Kawamura et al. [19] on the re-biopsy of PD cases in the
clinical setting indicated that a patient’s disease condition
can influence the physician’s decision to perform a re-
biopsy [19]. Thus, our theoretically evaluated results
should be interpreted carefully in accordance with patient
factors in routine clinical settings.
Our study demonstrated that the feasibility of re-biopsy

at clinical-PD was significantly increased compared with
that at RESIST-PD, indicating that the feasibility of re-
biopsy may increase over the patient’s clinical course. The
timing of re-biopsy is a crucial consideration in the man-
agement of patients with EGFR-TKI. Our data might
therefore be useful information for oncologists who are
treating patients with lung cancer.
We also showed that the distribution of the estimated

target site for re-biopsy varied between the RECIST-PD
and clinical-PD time points, such that the frequency of
mediastinal lymph nodes and pulmonary effusion in-
creased and the frequency of intracranial and intraosseous
lesions decreased at clinical-PD (Figs. 2 and 3). This
finding indicates that along with disease progression, re-
lapsing lesions became more diffuse and that re-biopsy
could be performed more easily. Treatment options
after EGFR-TKI therapy include treatment continu-
ation with the same EGFR-TKI (“beyond-PD” treat-
ment) [24, 25], switching to cytotoxic chemotherapy
[26–29] or to immunotherapy (with anti-PD-1 or
anti-PD-L1 antibodies, for example) [30] or the
administration of third-generation EGFR-TKI agents
such as osimertinib for relapsing tumors harboring a
T790 M-resistant mutation [3, 31]. As the selection
of an appropriate therapy based on molecular or
immunohistological analyses at the turning point of
disease progression is of critical importance, clinicians
may occasionally wait for apparent disease progres-
sion before selecting the most easily accessible re-
biopsy sites. Thus, the re-biopsy feasibility analyses at
RECIST-PD and clinical-PD presented in this study
might be beneficial for the management of tumors
harboring EGFR mutations.
This study has several limitations. First, it is a retro-

spective analysis based on image data that were acquired
in a routine clinical setting. Therefore, a certain degree
of time lag between the estimated PD and the actual PD

may have existed. If asymptomatic metastatic lesions
were present, detection by imaging may have been de-
layed. However, in most cases, body CT imaging had
been obtained at least every 6 months, and brain CT or
MRI had been obtained at intervals of at least 1 year.
Second, the feasibility of re-biopsy was estimated virtu-
ally by analyzing the size and position of relapsing le-
sions, mainly from the radiological findings. Although
our analyses were partly based on those used in a previ-
ous study [10], the success rate of re-biopsy may depend
on various conditions, including the technical skill avail-
able to perform each biopsy method at a given institu-
tion or the patient’s condition and consent for re-biopsy.
In addition, not all biopsy specimens might be suitable
for mutation or immunohistological analyses. Previous
reports have shown that the technical success rate for
re-biopsy using CT-guided needle biopsy was 100% in
cases selected by rigorous imaging criteria, but that the
success rate for mutation analysis in the acquired speci-
men was approximately 80% [23]. Another report
showed that the success rate for re-biopsy using any
method was 82%, with 25.6% producing insufficient
tumor cells for mutation analyses [32]. Considering
these factors, the actual possibility of re-biopsy may be
lower in the clinical setting than has been estimated.
Following the approval of osimertinib in Japan, we
treated 31 patients with relapsing disease after first-line
EGFR-TKI therapy at our institute. Twenty-four patients
(77.4%) underwent re-biopsy (6 patients at the RECIST-
PD and 18 patients at the clinical-PD). All lesions for re-
biopsy were evaluated as category A according to our in-
terpretation (Table 1). Seven patients (22.6%) did not
undergo re-biopsy because the relapsed lesion was evalu-
ated as category C in 5 patients (2 were meningeal le-
sions and 3 were brain metastases), and the general
condition of the remaining 2 patients was too deterio-
rated for re-biopsy. Among all of the samples obtained
by re-biopsy, 82.5% were eligible for molecular analysis.
Despite the small scale of our data, our study results
suggest that the analysis of image data is comparable to
real-world data, although it is important to consider the
biopsy sample quality and patient condition in a real-
world re-biopsy. Therefore, to interpret the feasibility of
re-biopsy more precisely, a prospective study is needed.
In addition, the development of more robust and reliable
and less invasive methods for mutation analyses would
be of significant benefit.

Conclusions
The feasibility of re-biopsy for relapsing disease
among NSCLC patients with acquired resistance to
EGFR-TKI was evaluated. Although re-biopsy for re-
lapsing disease may be feasible in many cases, pro-
spective data are required on the outcomes of the
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procedures in terms of molecular data. Re-biopsy
might be highly invasive or extremely difficult in cer-
tain patients, especially at the RECIST-PD time point.
To facilitate an appropriate treatment strategy for
NSCLC patients, the standardization of re-biopsy by
reliable methods is essential.
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