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Abstract

Introduction: Success of next generation sequencing (NGS) analysis is becom-
ing indispensable in the treatment of advanced lung cancer. However, the advan-
tages and disadvantages of each sampling method in the NGS analysis have not
yet been clarified.

Methods: We compared the success rates of NGS analysis, and DNA and RNA
yields for transbronchial biopsy (TBB), endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA), computed tomography (CT)-guided
biopsy, fluid sample, and surgical biopsy for NGS analysis in patients through the
lung cancer genomic screening project for individualized medicine (LC-SCRUM)-
Asia, a nationwide NGS screening project. In case, sufficient samples could not be
collected by TBB and EBUS-TBNA, re-biopsy (genome re-biopsy) was performed.
Results: A total of 223 patients were enrolled and success rates of NGS analysis
were not different between samples obtained through TBB, EBUS-TBNA, and
CT-guided biopsy; however, success rates for fluid samples and surgical biopsy
samples were significantly higher than those of other methods. The risk of ge-
nome re-biopsy was higher with TBB for centrally located lesions. CT-guided bi-
opsy yielded more samples but had a lower success rate for analysis of RNA-based
NGS than TBB.

Conclusions: TBB is the mainstay of sampling methods, but for centrally located
lesions, EBUS-TBNA may be a better strategy. For CT-guided biopsy, the suc-
cess rate of RNA-based NGS analysis is low. Fluid samples are expected to yield
successful results as surgical biopsy samples, but the latter are better for sample
preservation. Determining the optimal method for genome biopsy for each case
is important.
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1 | INTRODUCTION

Technological innovation in next generation sequencing
(NGS) has led to dramatic advances in cancer genome
research, and the accumulation of information on can-
cer genomes is increasing.'™* The identification of targe-
table driver mutations and the development and clinical
application of molecular-targeted therapies for non-small
cell lung cancer (NSCLC) is progressing rapidly, and the
number of targetable driver mutations are steadily in-
creasing when compared with that for other solid tu-
mors.>”’ Starting with EGFR mutations,®® clinical trials
of molecular-targeted drugs against ALK fusion genes,'**
ROS1I fusion genes,12 BRAF mutations,13 MET exon 14
skipping mutations,'*!* and RET fusion genes'®'” have
been conducted over the last 10 years. The identification of
new targetable driver mutations and the development of
corresponding drugs is expected to continue.’ Obtaining
accurate and rapid information on the cancer genome
through NGS analysis before the introduction of systemic
treatment has become essential in treating NSCLC.

The Lung Cancer Genomic Screening Project for indi-
vidualized Medicine (LC-SCRUM) was launched in Japan
in 2013 as a nationwide genomic screening project for lung
cancer.”** More than 200 institutions in Japan have par-
ticipated, and in the 7 years since the project began, more
than 10,000 patients with lung cancer have been registered.
Since 2019, the screening platform has been expanded to
East Asia, and the scale of screening has been expanded as
LC-SCRUM-Asia. NGS-based genomic screening has been
implemented since 2015, and the project also serves as the
basis for the NGS database in lung cancer in Japan.*’ NGS
analysis of tumor tissue in patients with advanced lung
cancer relies on obtaining bronchoscopic microspecimens
for diagnosis because invasive procedures, such as surgery,
are difficult to perform before treatment.!*??? Therefore,
successful NGS analysis may be the first hurdle in the in-
troduction of successful treatment. We realized improved
success rate of NGS analysis in LC-SCRUM-Asia by im-
proving bronchoscopy and sampling methods.'®

In this study, we compared the sampling methods
for NGS analysis in untreated advanced lung cancer and
examined the improvement strategies of the sampling
method with the aim of further improving the success rate
of NGS analysis with no failure.

2 | MATERIALS AND METHODS

2.1 | Patients and clinical characteristics

LC-SCRUM-Asia, which was previously named LC-
SCRUM-Japan, is a prospective, nationwide, clinical, and

.. 2745
Cancer Medicine -WI LEYJ—

Open Access,

genomic screening program for lung cancer (UMIN ID:
UMIN000010234). All patients provided written informed
consent for the enrolment in the LC-SCRUM-Asia program.
We retrospectively reviewed the records of all patients who
were enrolled in LC-SCRUM-Japan at our institution. Since
January 2019, our institute has improved and standardized
sampling methods for NGS,"® and this study included all
patients enrolled in LC-SCRUM-Japan from our hospital
between January 2019 and December 2020.

Based on location, the primary lung tumor was cate-
gorized as central or peripheral using chest computed to-
mography (CT) imaging before treatment initiation. The
criteria for categorization as central and peripheral were
as follows® central location was defined as within 2 cm
of the proximal bronchial tree based on the Radiation
Therapy Oncology Group (RTOG) criteria** or within
2 cm of the heart, trachea, pericardium, or vertebral bod-
ies, but 1 cm away from the spinal canal based on a mod-
ification of the MD Anderson Cancer Center definition.?
In addition, tumor localization and maximum diameter of
the primary lesion in the lung were evaluated in the right
and left upper or lower lobes, respectively.

2.2 | Sampling methods for NGS analysis
in LC-SCRUM Asia

In LC-SCRUM Asia, fresh frozen specimens obtained by
each method were submitted. A total of 100 ml of body
fluid specimens are also permitted. NGS analysis proceeds
after the presence of tumor cells is confirmed. Sampling
methods for NGS analysis, called “genome biopsy,” are
being performed at our institution since January 2019
as follows: first, surgical biopsy specimens are preferen-
tially submitted in collaboration with pathologists and
surgeons; second, during sampling using transbron-
chial biopsy (TBB), standard biopsy forceps (FB-231D.A;
Olympus) with a 5.0-mm cup opening were used?®; third,
during sampling using endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA), when-
ever possible, biopsies were performed using a 19-gauge
needle at least twice; fourth, for CT-guided biopsy, two
samples were submitted; fifth, before and after sampling
with transbronchial biopsy for NGS analysis, specimens
were also collected for pathological analysis to confirm
that the freshly obtained samples contained tumor cells
(Figure 1A); finally, all samples were submitted follow-
ing specimen evaluation by pathologists. In TBB, EBUS-
TBNA and CT-guided biopsy sampling methods, we used
rapid on-site evaluation (ROSE) of tumor cells.”’

For specimens collected through bronchoscopy, if the
presence of viable tumor cells cannot be confirmed in both
samples collected before and after the frozen samples to be
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submitted, or if viable tumor cell content is <10% (Figure 1B),
NGS analysis is not expected to succeed, and the specimen
will not be submitted (tissue confirmation). In these cases, a
second biopsy, which is called “genome re-biopsy,” was per-
formed by changing the sampling method as necessary.

2.3 | DNA and RNA extraction, NGS
reports from LC-SCRUM Asia and
definition of analysis success or failure

DNA and RNA samples were extracted from fresh frozen
specimens or from body fluids and analyzed using the
Oncomine Comprehensive Assay v3 (OCA v3; Thermo
Fisher Scientific), a targeted NGS assay, at the laborato-
ries of SRL Incorporated. DNA/RNA were extracted and
purified with a nucleic acid extraction kit (AllPrep DNA/
RNA Mini Kit; Qiagen) according to the manufacturer’s

protocol. DNA/RNA concentrations were quantified by
the Qubit fluorometric assay (Thermo Fisher Scientific).*
The minimum concentrations were defined as 1.67 ng/
pl of DNA and 2.5 ng/pl of RNA. When the concentra-
tion was under the aforementioned levels, NGS analyses
were not performed. The yields of DNA/RNA were re-
ported to each institution.'’ A target region containing
161 genes was amplified using multiplex PCR for DNA
and RNA, and somatic mutations in the region were de-
tected. Hotspot mutations (single nucleotide variants,
deletions, and insertions) and copy number variations
were detected in DNA-based sequences, and fusion gene
alterations were detected in RNA-based sequences. The
secretariat of LC-SCRUM-Asia reported the concentra-
tion of extracted DNA and RNA and the results of NGS
analysis. Of the multiple somatic mutations analyzed
using the OCA v3. panel, 20 mutations, which have been
reported to be associated with the pathogenesis of lung
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FIGURE 1 (A) Transbronchial biopsy (TBB) procedure. Five serial biopsies are performed, with the first and last samples subjected

to histopathologic analysis and HE staining to identify tumor cells. The second to fourth biopsies were submitted to next generation

sequencing (NGS) analysis as fresh frozen specimens. The frequency of biopsy varies from three to six times. (B) A representative
confirmation slide showing images of TBB samples. Re-biopsy was performed when the tumor nuclei content (TNC) was <10% for both pre-
and post-confirmation slides. (C) Classification of sampling methods for submitted specimens. A total of 223 samples were biopsied by five
methods: transbronchial biopsy (TBB), endobronchial ultrasound with real-time guided transbronchial needle aspiration (EBUS-TBNA),
surgical biopsy, fluid sample, and computed tomography (CT)-guided biopsy. The success rate of NGS analysis is shown as a percentage,
where “Total” is the percentage of success for both DNA-based and RNA-based NGS, “DNA” indicates the success rate of DNA-based

NGS, and “RNA” indicates the success rate of RNA-based NGS. The

dashed line represents the number of samples for re-genome biopsy.

(D) Comparison of DNA and RNA yields (pug/ul) among sampling methods. *p <0.05; **p <0.05. LC-SCRUM-Asia, lung cancer genomic
screening project for individualized medicinel; TNC, tumor nuclei content
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cancer and have the corresponding therapeutic agents,
including unapproved drugs, were reported to each at-
tending physician. These mutations included RET, ALK,
and ROS]1 fusion genes; FGFR 1-4 mutations, amplifica-
tions, and fusions; MET and ERBB2 mutations and am-
plifications; AKTI, BRAF, HRAS, KRAS, NRAS, EGFR,
and PIK3CA mutations; and NTRK1-3 fusion genes and
NRG1 fusion gene. When the amounts of extracted DNA
and RNA did not meet the criteria for NGS analysis, the
amount of nucleic acid was reported insufficient. In this
study, we defined analysis failure when NGS analysis was
not accomplished for reasons including insufficient DNA
or RNA sample volumes. DNA- and RNA-based NGS
analysis was determined to have succeeded and failed
separately, and only the cases in which both were suc-
cessful were evaluated as successful cases in this study.

2.4 | Comparison of success
rates of NGS analysis before and after
introduction of the improved strategies

We compared the success rate of NGS analysis, the
method of collecting submitted samples, and the yields of
DNA and RNA before and after the introduction of the
improvement strategies based on the electronic medical
records and the secretariat reports.

2.5 | Assessment of tumor nuclei,
necrosis tissue contents, and sample size in
confirmation slides

Two pathologists independently evaluated tumor cell and
necrosis tissue contents of confirmation slides of pre- and
post-submitted samples and assessed tumor nuclei content
(TNC) (%) and proportion of necrotic tissue area (%)%
The mean values of tumor nuclei content (%) and necrotic
tissue area (%) at the pre- and post-slides were used for
each case. Sample sizes of specimens obtained by TBB or
CT-guided biopsy in confirmation slides were measured
using the free software ImageJ (Free soft, Image Processing
and Analysis, http://rsb.info.nih.gov/ij).”® Regarding TBB
samples, the average of the areas of samples in pre- and
post-slides was used as the area of the samples. For CT-
guided biopsy, the average of the areas of the two samples
collected was used as the area of the samples.

2.6 | Statistical analysis

Continuous variables were analyzed using Student's ¢-
test, and dichotomous variables were analyzed using y* or

. 2747
Cancer Medicine _ “WI LEYJ—

Fisher's exact test, as appropriate. All p-values were two-
sided, with p < 0.05 considered statistically significant. To
compare success rates between sampling methods, suc-
cess rate analysis was performed with Fisher's exact test.
Pairwise comparisons were determined using Fisher's
exact test with Holm's adjusted p-values. For compar-
ing yields of DNA or RNA obtained from each sampling
method, the Kruskal-Wallis and Steel-Dwass tests were
used. Logistic regression analysis was used for multivari-
ate analysis of factors related with genome re-biopsy and
NGS success rate in TBB samples; p < 0.05 was consid-
ered statistically significant. Statistical analyses were per-
formed using EZR software ver 1.29 (Saitama Medical
Center, Jichi Medical University, Saitama, J apan).30

3 | RESULTS

3.1 | Patient characteristics

A total of 223 patients from our institution were enrolled in
LC-SCRUM-Asia. The clinical characteristics of the patients
are summarized in Table 1. The median age was 67 years
(range, 25-90 years). One hundred and twenty-five patients
(56.0%) were male, the majority (70.9%) had adenocarci-
noma, including combined adenocarcinoma with squa-
mous cell carcinoma or small cell carcinoma, and nearly half
(47.5%) of the patients had the clinical stage of IVB, while
the rest were almost equivalent in stage IIIA or B (24.7%)
and IVA (27.8%). The targetable driver mutations reported
by LC-SCRUM-Asia were detected in 120 (53.8%) out of 223
patients. The details of the reported mutations are shown
in Table 1. During the course of this study, there were no
insurance applicable drugs in Japan for RET fusion genes,
EGFR Ex.20 insertion mutations, and KRAS G12C muta-
tion. However, all four patients with RET fusion genes, one
patient with EGFR Ex.20 insertion mutation, and two pa-
tients with KRAS G12C mutation were successfully enrolled
in the clinical trials for corresponding driver mutations.

3.2 | Comparison of the sampling
methods for NGS analysis in LC-
SCRUM Asia

The details of the sampling method for 223 patients are
shown in Figure 1C. Among the specimens of the 110 pa-
tients in the TBB group, 14 required genome re-biopsy. Of
the specimens of the 42 patients in the EBUS-TBNA group,
three required genome re-biopsy. Of the final specimens
submitted, including re-biopsy specimens, 99 (44.3%), 46
(20.6%), 46 (20.6%), 17 (7.6%), and 15 (6.9%) were obtained
through TBB, EBUS-TBNA, surgical biopsy, CT-guided
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TABLE 1 Patients’ characteristics

Enrolled patients
(n =223)

Age-median (range)

Median 67 (25-90)
Sex, n (%)

Male 125

Female 98
Histology, n (%)

Ad including

Ad+SCLC 158
Ad+Sq

Sq 36

NSCLC 29
Stage-n. (%)

IITIA,B 55

IVA 62

IVB 106
Targetable driver mutations

EGFR [53]

Ex.19 deletion 27

L858R 21

T790M 2

L861Q 1

Ex.20 insertion 2
ALK fusion

EML4-ALK 9
ROS1 fusion [5]

CD74-ROS1 1

SDC4-ROS1 2

SLC34A2-ROS1 2
BRAF V600E 1
MET (8]

Ex.14 skipping 5

Amplification 3
RET fusion

KIF5B-RET 4
HER2 Ex.20 ins 2
KRAS [24]

G12A 2

G12C 10

G12D 9

G12v 2

Q61H 1
NRAS (2]

Q61K 1

Q61L 1

(%)
[total]

(56.0)
(44.0)

(70.9)

(16.1)
(13.0)

(24.7)
(27.8)
(47.5)

[23.8]
(12.1)
(9.4)
0.9)
(0.5)
(0.9)

(4.0)
[2.2]
(0.4)
(0.9)
(0.9)
(0.4)
[3.5]
2.2)
(1.3)

(1.8)
(0.9)
[10.8]
(0.9)
(4.5)
(4.1)
(0.9)
(0.4)
[0.8]
(0.4)
(0.4)

TABLE 1 (Continued)

Enrolled patients (%)
(n =223) [total]
PIK3CA (4] [1.8]
E545K 2 0.9)
H1047R 2 0.9)
NRG1-CD74 fusion 1 (0.4)
FGFR1 amplification 4 (1.8)
FGFR3-TACC3 fusion 3 (1.3)

Abbreviations: Ad, adenocarcinoma; Sq, squamous cell carcinoma.

biopsy, and fluid specimens, respectively. The median yields
of DNA and RNA obtained from each sampling method were
80 (10-33) ng/pl and 20 (10-28) ng/pl from TBB, 10 (10-340)
ng/pl and 20 (10-870) ng/pl from EBUS-TBNA, 220 (10-400)
ng/pl and 80 (10-630) ng/pl from surgical biopsy, 80 (10-
170) ng/pl and 10 (10-110) ng/pl from CT-guided biopsy,
and 270 (20-370) ng/ul and 220 (10-620) ng/pl from fluid
samples, respectively. The median total amount of DNA and
RNA extracted was as follows; DNA/RNA; 4.0/ 1.0 pg from
TBB, 5.0/1.0 pg from EBUS-TBNA, 11.0/4.0 pg from surgical
biopsy, 4.0/0.5 pg from CT-guided biopsy, and 13.5/11.0 pg
from fluid samples. Success rates for DNA-based, RNA-
based, or integrated NGS analysis are shown in Figure 1C.
There was a significant difference in the success rate of
DNA-based NGS analysis (p = 0.013) between the sampling
methods, but no significant difference was observed in RNA-
based and integrated NGS analysis (Table S1). However, the
success rate of RNA-based NGS analysis tended to be lower
in CT-guided biopsy samples than in TBB, fluid, and surgical
biopsy samples. In integrated NGS analysis, success rates of
TBB and CT-guided biopsy samples tend to be lower than
that of fluid and surgical biopsy samples (Table S1).

For groups that succeeded in DNA- or RNA-based NGS
analysis, significantly higher DNA and RNA yields were
obtained from the samples (Figure S1). A comparison of
each sampling method revealed no difference in DNA and
RNA yields between TBB, EBUS-TBNA, and CT-guided
biopsy sample groups; however, DNA and RNA yields
tended to be significantly lower in these groups than in
fluid and surgical biopsy sample groups (Figure 1D).
Yields of DNA and RNA and success rate of NGS analysis
were not significantly different between the fluid and sur-
gical biopsy sample groups (Figure 1D) (Table S2).

3.3 | Clinical factors associated with the
risk of re-genome biopsy and NGS analysis
success in TBB samples

The clinical characteristics of 110 patients who had
genome biopsy with TBB and 99 patients who finally



KUNIMASA ET AL.

underwent NGS analysis with TBB samples after genome
re-biopsy are shown in Table 2. We examined the clini-
cal risk factors associated with re-genome biopsy in 14 pa-
tients, who required a second genome biopsy, out of 110
patients. Results from univariate analysis revealed that
only tumor location (peripheral or central) (p = 0.015)
was significantly correlated with the risk of re-genome
biopsy (Table S3; Figure S2). Univariate analysis of the
relationship between success rate of NGS analysis in TBB
samples and clinical factors revealed that maximum diam-
eter of tumor (ORR, 0.96; 95% CI, 0.924-0.998; p = 0.040)
and tissue confirmation (ORR, 11.9; 95% CI, 3.480-40.60;
p <0.001) are significantly correlated with NGS success
rate. After multivariate analysis, only tissue confirmation
remained a significant factor (Table 3).

3.4 | Comparison of the yields of

DNA and RNA, and the success rates of
NGS analysis between TBB and CT-guided
biopsy samples

We evaluated and compared clinical and imaging fea-
tures and pathological features, such as TNC, necrosis
tissue content, and tissue area, of the confirmation slide,
in patients who submitted TBB (n = 99) and CT-guided
biopsy (n = 17) samples (Table 4). The lesions that were
subjected to CT-guided biopsy were located in the pe-
riphery and tended to have a larger maximum diameter
than lesions that were subjected to TBB (median 49.8 vs.
40.3 mm, p = 0.076). Histopathological analysis of the
confirmation slide revealed that in CT-guided biopsy
samples, the tumor area was significantly larger (median
5.6 vs. 1.7 mm?, p <0.001) and TNC was higher (median
70% vs. 50%, p <0.05) than in TBB samples. The yields
of DNA and RNA were not different, but the concentra-
tions of DNA and RNA per unit area were significantly
lower in CT-guided biopsy samples than in TBB samples
(p < 0.001, respectively). These analyses indicate that CT-
guided biopsy tends to yield less DNA and RNA than TBB,
even though CT-guided biopsy yields larger samples con-
taining more tumor cells than TBB.

4 | DISCUSSION

In this study, we compared sampling methods for lung
cancer genome analysis through LC-SCRUM-Asia, the
first nationwide lung cancer genome screening project in
Japan. Although our results revealed that surgical biopsy
is the best method to obtain samples for successful NGS
analysis, fluid samples showed comparably high NGS suc-
cess rates. For TBB specimens, it was found that tissue
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TABLE 2 Clinical characteristics of patients who underwent
genome biopsy with TBB

Final TBB
patients (n = 99)

Age-median, (range)

Median 67 (32-90)
Sex, n (%)
Male 58 (58.6)
Female 41 (41.4)
Histology, n (%)
Ad including
Ad + SCLC 75(75.8)
Ad + Sq
Sq 16 (16.1)
NSCLC 8(8.1)
Stage, n (%)
IIIA,B 20(20.2)
IVA 32(32.3)
IVB 47 (47.5)
Tumor location 1
Central 34 (34.3)
Peripheral 65 (65.7)
Tumor location 2
Right
Upper and Middle 29 (29.3)
Lower 24 (24.2)
Left
Upper 24 (24.2)
Lower 22 (22.3)
Re-biopsy for genome analysis 0(0)

Maximum diameter of tumor (mm)

Median (range) 40.3 (14.7-102.3)
Tumor nuclei content (%)

Median (range) 50 (10-90)
Necrosis tissue content (%)

Median (range) 10 (0-90)
Unconfirmed specimens 16 (16.2)

confirmation by assessing tumor cells from pre- and post-
submitted samples is a meaningful approach to increase
NGS success rate when using fresh frozen TBB specimens.
Thus, choosing TBB, EBUS-TBNA, or CT-guided biopsy
for each case depends on the localization of the tumor.
NGS analysis on TBB samples should be performed on
at least two or three biopsy specimens with 5.0-mm diam-
eter forceps when using fresh frozen specimens. Although
this study was performed at LC-SCRUM-Asia and the pro-
tocol calls for submission of fresh frozen specimens, tissue
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TABLE 3 Analysis of clinical and pathological factors for the success of NGS analysis in TBB samples

Univariate

Variables n =99 (%) ORR (95% CI)
Age, years

<64 (35.4) 1

>64 (64.6) 1.020 (0.343-3.050)
Sex

Male (58.6) 1

Female (41.4) 0.717 (0.242-2.130)
Histology

Adenocarcinoma (75.8) 1

Others (24.2) 0.158 (0.019-1.25)
Tumor location 1

Peripheral (65.7) 1

Central (34.3) 0.747 (0.239-2.330)
Tumor location 2

Right upper/lower (53.5) 1

Left upper/lower (46.5) 0.772 (0.477-1.250)

Maximum diameter of tumor (mm) (range)
40.3 (14.7-102.3) (100)

Tumor nuclei content (%) (range)

0.96 (0.924-0.998)

50 (10-90) (100) 2.020 (0.702-5.790)
Necrosis tissue content. (%) (range)

10 (0-90) (100) 0.204 (0.025-1.640)
Tissue confirmation

Confirmed (83.8) 1

Unconfirmed (16.2) 11.9 (3.480-40.60)

confirmation can increase the likelihood of success even
with fresh specimens that are difficult to assess for tumor
cell content before sample submission. In addition, indi-
rectly assessing the presence of tumor cells by performing
ROSE at each biopsy may be important in assisting tissue
confirmation; however, in cases where the tumor is cen-
trally located, even if tumor cells are confirmed by ROSE,
the volume of the tumor may not be sufficient and the risk
of re-genome biopsy may increase significantly. In such
cases, it is desirable to consider using EBUS-TBNA instead
of TBB.

For peripherally located lesions, CT-guided biopsy may
be easier and more reliable than TBB for sampling. Of the
14 patients who underwent re-genome biopsy, two under-
went CT-guided biopsy. CT-guided biopsy can obtain sig-
nificantly larger samples than TBB, but the success rate
of NGS analysis is similar. RNA-based NGS also tends to
be inferior to TBB. In the case of CT-guided biopsy, it can-
not be assumed that submitting samples more than twice
used in this study improves the success rate of NGS anal-
ysis, considering the size of the samples collected and the

Multivariate
P ORR (95% CI) P
Reference
0.968
Reference
0.549
Reference 1 Reference
0.081 0.218 (0.020-2.36) 0.210
Reference
0.616
Reference
0.291
0.040 0.98 (0.934-0.1.03) 0.358
0.192 1.380(0.401-4.73) 0.611
0.135 0.390 (0.038-4.02) 0.429
Reference 1 Reference
<0.001 11.1 (2.960-41.80) <0.001

amount of nucleic acid yields obtained from the samples.
In the case of CT-guided biopsy, this protocol may require
some additional effort, such as immediate nucleic acid ex-
traction after sampling.

Our findings suggest that fluid samples are the best
choice for NGS analysis because of their ease of collec-
tion and the success rate of NGS. The LC-SCRUM-Asia
protocol requires submission of 100 ml of fluid samples
prior to treatment; if malignant tumor cells are identi-
fied, NGS analysis of the pellet from fluid samples will
proceed. Although studies have reported NGS analysis
of malignant pleural effusion (MPE),*'"** their NGS suc-
cessrates are not as high as ours. The reasons for this may
be that cell blocks made from MPE are used for analy-
sis,* supernatants of MPE are used for analysis,**** and
the amount of samples collected is not clearly defined.
Our results suggest that the use of fresh fluid samples
for NGS analysis is useful for the rapid and simple iden-
tification of genome profiles of advanced staged NSCLC.
Another study in LC-SCRUM-Asia reported NGS suc-
cess rates as high as 98.7% in the analysis of cytology
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TABLE 4 Comparison of clinical characteristics of patients who underwent genome biopsy TBB and CT-guided biopsy

Final TBB patients Final CT-guided patients
(n=99) (n=17) p
Age-median, (range)
Median 67 (32-90) 69 (36-82) 0.401
Sex, n (%)
Male 58 (58.6) 8 (47.1) 0.432
Female 41 (41.4) 9(52.9)
Histology, n (%)
Ad including 0.094
Ad + SCLC 75(75.8) 8 (47.1)
Ad + Sq
Sq 16 (16.1) 7(41.2)
NSCLC 8(8.1) 2(11.7)
Stage-n. (%)
I1IA,B 20(20.2) 5(29.4) 0.394
IVA 32(32.3) 2(11.7)
IVB 47 (47.5) 10 (58.9)
Tumor location 1, n (%)
Central 34 (34.3) 0(0) <0.05
Peripheral 65 (65.7) 17 (100)
Tumor location 2, n (%)
Right 0.7
Upper and Middle 29 (29.3) 4(23.5)
Lower 24 (24.2) 4(23.5)
Left
Upper 24 (24.2) 3(17.7)
Lower 22 (22.3) 6 (35.3)
Maximum diameter of tumor(mm)
Median (range) 40.3 (14.7-102.3) 49.8 (24.6-85.6) 0.076
Tumor nuclei content (%)
Median (range) 50 (10-90) 70 (20-80) <0.05
Necrosis tissue content (%)
Median (range) 10 (0-90) 5(0-90) 0.086
Tissue area (mm?)
Median (range) 1.7 (0.2-3.6) 5.6 (0.6-11.5) <0.001
DNA(ng/pl)
Median (range) 0.08 (0.01-0.33) 0.08 (0.01-0.17) 0.382
RNA(pg/pl)
Median (range) 0.02 (0.01-0.28) 0.01 (0.01-0.11) 0.11
DNA/Tissue are (pg/pul/mm? x 1072
Median (range) 1.53(0.12-16.7) 0.68 (0.25-1.10) <0.001
RNA/Tissue are (pg/pl/mm? x 10~2)
Median (range) 0.42 (0.09-14.8) 0.14 (0.05-2.65) <0.001
NGS success rate 82/99 (82.8) 12/17 (70.6) 0.312
DNA-based NGS 88/99 (88.9) 16/17 (94.1) 1.000

RNA-based NGS 90/99 (90.9) 13/17 (76.5) 0.098
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samples from transbronchial brushing samples during
TBB." The use of fluid samples for NGS analysis seems
promising. However, the advantage of surgical biopsy
samples is that they can be frozen or stored as paraffin-
embedded samples for future analysis. When a new gene
panel is approved in the future, it can be reanalyzed, and
when a new biomarker utilizing NGS emerges, the pres-
ence of a surgical biopsy specimen will ensure sufficient
tissue volume to support such analysis. This is a signifi-
cant advantage over other sampling methods. A second
NGS analysis was reported to identify a targetable driver
mutation missed in the first NGS analysis.**"® If surgi-
cal biopsy is possible, it should be prioritized. The con-
struction of biobank using surgical biopsy samples is an
important material source in future cancer research and
medical care.’”?*

Sampling methods other than TBB are more likely to
result in biopsies from metastatic sites. In these cases,
the question is whether the profile of the gene muta-
tion in the primary tumor is the same as that in meta-
static and primary tumors. In a comprehensive analysis
of advanced colorectal cancer and an evaluation of the
concordance rate of a few driver mutations between
primary and metastatic lesions, a concordance rate of
approximately 95% was found when focusing on KRAS
and BRAF hot point mutations.*® Application of evo-
lutionary and population-genetic approaches to inter-
pret genomic data has shown that tumor progression is
not necessarily sequential but can occur in a punctu-
ated manner.*>*! As far as searching for hot point mu-
tations of strong driver mutations associated with the
root of cancer development is concerned, it is expected
that even the genome profile of metastatic lesions suf-
ficiently reflects targetable driver mutations at the pri-
mary site. However, as more information on multiple
genetic mutations and clinical application of whole
exome sequence data becomes available, discordance
rates will increase, and a discussion will be required on
whether genomic analysis should be performed from
primary or metastatic sites.*>**

Our study has a few limitations. First, the exact
amount of tumor collected by each sampling method is
unclear; an amount is specified only for fluid samples.
Undoubtedly, a larger volume of specimens can be ob-
tained with surgical biopsy than with other methods,
but sufficient tissue volume for NGS analysis has not
been evaluated. In TBB, since the number of times the
sample are collected is not strictly determined and the
number varies depending on the amount of sample as-
certained with the naked eye during examination. In
EBUS-TBNA and CT-guided biopsy, sampling frequency
is determined to be approximately two times. However,
in TBB, the optimal sampling frequency cannot be

identified in this study, and the optimal TBB sampling
method cannot be proposed for NGS analysis because it
depends on the results of ROSE during the test. Second,
because this study was conducted in a relatively small
number of patients at a single institution, no general
conclusion can be drawn from the results. The method
of sedation used in bronchoscopy, whether to use an
echo-guide, and how to select a sampling method are
not specified in the prior protocol. It is not an exact
comparison of the sampling method. Third, adverse
events associated with each sampling method were not
investigated in this study. Although there were no fatal
adverse events related to each method, it is essential to
select the sampling method by considering complica-
tions and adverse events associated with each method,
including the time required to introduce treatment after
each sampling.

In conclusion, we compared sampling methods
for the successful pre-treatment NGS analysis in LC-
SCRUM-Asia in patients with advanced lung cancer.
First, it is important to discern which sampling method
is the best from the image and patient condition to
avoid the re-genome biopsy. If obtaining the sufficient
amount of sample by TBB for NGS analysis is difficult,
other methods should be considered. Our results sug-
gest that EBUS-TBNA may be preferable to TBB for
centrally located lesions. CT-guided biopsy is recom-
mended for peripheral samples; however, the problem
is that the amount of nucleic acids recovered and the
success rate of NGS analysis are not good for the size of
the sample. The use of fluid samples is less invasive and
has a high success rate. Although surgical biopsy may
be applicable to fewer patients, they are most desirable
in terms of tissue preservation and success rates, but the
high degree of invasion is a concern. NGS analysis is
indispensable in the treatment of advanced lung cancer.
How quickly and accurately a patient can be analyzed
before treatment is the key to success. In patients with
advanced lung cancer, it is important to deliver treat-
ment as soon as possible. Moreover, to avoid the risk of
re-genome biopsy, it is important to carefully consider
which sampling method is best in advance. The special
attitude as a genome biopsy for the success of the NGS
analysis is required instead of the biopsy for the diagno-
sis until now.

ACKNOWLEDGMENTS

The authors thank all patients and their families, who
kindly agreed to participate in LC-SCRUM Asia, and
M. Higuchi (Osaka International Cancer Institute), Y.
Kuwamura (Osaka International Cancer Institute), and Y.
Murata (National Cancer Center Hospital East) for their
great help with LC-SCRUM Asia.



KUNIMASA ET AL.

CONFLICT OF INTEREST

Dr. Kunimasa reports grants from the Japan Society
for the Promotion of Science (Grant no. JP19K176974),
Takeda Science Foundation, The Osaka Medical Research
Foundation for Intractable Diseases, and honoraria for
lecture from AstraZeneca, Chugai Pharma and Novartis.
Dr. Matsumoto reports grants from MSD, Merck, Chugai
Pharma, Novartis, Lilly, honoraria for lecture from
Novartis pharma, Dr. Nishino reports a grant from Nippon
Boehringer Ingelheim and honoraria for lecture from Chugai
Pharma, AstraZeneca, Nippon Boehringer Ingelheim, Eli
Lilly Japan, Roche Diagnostics, Novartis, Pfizer Merk; Dr.
Tamiya reports grants from Ono Pharmaceutical, Bristol-
Myers Squibb, Boehringer Ingelheim and honoraria for
lecture from Taiho Pharmaceutical, Eli Lilly, Asahi Kasei
Pharmaceutical, MSD, Boehringer Ingelheim, AstraZeneca,
Chugai Pharmaceutical, Ono Pharmaceutical, Bristol-Myers
Squibb; Dr. Goto reports grants from AstraZeneca, Bristol-
Myers Squibb, Chugai, and Ono, during the conduct of the
study; grants from AbbVie, Astellas, Boehringer Ingelheim,
Daiichisankyo, Eisai, Kyowa Hakko Kirin, Ignyta, Janssen,
Life Technologies, Lilly, Loxo Oncology, Merck Serono,
MSD, Novartis, Oxonc, Pfizer, SRL, Sumitomo Dainippon,
Sysmex Corporation, RIKEN GENESIS, Roche, Taiho,
Takeda, honoraria for lecture from AbbVie, AstraZeneca,
Boehringer Ingelheim, Bristol-Myers Squibb, Chugai,
Daiichisankyo, Life Technologies, Lilly, Ono, Merck Serono,
MSD, Nippon Kayaku, Novartis, Pfizer, RIKEN GENESIS,
Roche, SRL, Taiho, Takeda, outside the submitted work.
Dr. Kumagai reports grants from Ono Pharmaceutical,
MSD K.K., Chugai Pharceutical Co. Ltd ~ AstraZeneca K.K.
Takeda Pharmaceutical Companey Limited. Regeneron
Pharmaceuticals, Inc. Merck Serono Co., Ltd. Pfizer Japan
Inc. Taiho Pharmaceutical Co.,Ltd. Nippon Boehringer
Ingelheim Co., Ltd. Eli Lilly Japan K.K. Novartis Pharma K.K.
AbbVie GK., Delta-Fly Pharma, Inc. The Osaka Foundation
for The Prevention of Cancer and Life style-related Diseases
(Public Interest Incorporated Foundation), and personal
fees from Ono Pharmaceutical, AstraZeneca K. K., Taiho
Pharmaceutical Co. Ltd.,, MSD K.KX., TEIJIN PHARMA
LIMITED, Novartis Pharma K.XK. Nippon Boehringer
Ingelheim Co., Ltd. Eli Lilly Japan K.K. Pfizer Inc., Chugai
Pharceutical Co. Ltd., Bristol-Myers Squibb K.K.

AUTHOR CONTRIBUTIONS

Kei Kunimasa: Conceptualization, = Methodology,
Investigation, Writing - original draft, Shingo Matsumoto:
Conceptualization, Investigation, Methodology,

Supervision, Kazumi Nishino: Data collection, Care for
patients, Keiichiro Honma: Data collection, Served as
pathological specialist, Noboru Maeda, Hanako Kuhara,
Motohiro Tamiya, Takako Inoue, Takahisa Kawamura,
Toru Kimura, and Tomohiro Maniwa: Data cellection,

.. 2753
Cancer Medicine -WI LEYJ—

Open Access,

Jiro Okami: Supervision, Koichi Goto: Conceptualization,
Investigation, and Supervision, Toru Kumagai: Supervision.

DATA AVAILABILITY STATEMENT
All data in the present study are available via the corre-
sponding author (K.K, kei.kunimasa@oici.jp).

ETHICS STATEMENT

The Lung Cancer Genomic Screening Project for
Individualized Medicine in Asia is in the UMIN Clinical
Trial Registry (UMIN 000036871). This study was ap-
proved by the Institutional Review Board at Osaka
International Cancer Institute (#19018-3). Informed con-
sents were obtained from the all cases who were enrolled
in LC-SCRUM Asia at our institute.

ORCID

Kei Kunimasa 2 https://orcid.org/0000-0002-5241-3486

REFERENCES

1. Hoadley KA, Yau C, Hinoue T, et al. Cell-of-origin patterns
dominate the molecular classification of 10,000 tumors from 33
types of cancer. Cell. 2018;173:291-304.¢€6.

2. Bailey MH, Tokheim C, Porta-Pardo E, et al. Comprehensive
characterization of cancer driver genes and mutations. Cell.
2018;173:371-385.e18.

3. Alexandrov LB, Kim J, Haradhvala NJ, et al. The reper-
toire of mutational signatures in human cancer. Nature.
2020;578:94-101.

. Pan-cancer analysis of whole genomes. Nature. 2020;578:82-93.

5. Middleton G, Fletcher P, Popat S, et al. The National Lung
Matrix Trial of personalized therapy in lung cancer. Nature.
2020;583:807-812.

6. Carlisle JW, Ramalingam SS. A banner year for immunother-
apy and targeted therapy. Nat Rev Clin Oncol. 2019;16:79-80.

7. Aggarwal C, Rolfo CD, Oxnard GR, Gray JE, Sholl LM, Gandara
DR. Strategies for the successful implementation of plasma-
based NSCLC genotyping in clinical practice. Nat Rev Clin
Oncol. 2021;18:56-62.

8. Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or carboplatin-
paclitaxel in pulmonary adenocarcinoma. N Engl J Med.
2009;361:947-957.

9. Ramalingam SS GJ, Ohe Y, et al. Osimertinib vs comparator
EGFR-TKI as first-line treatment for EGFRm advanced NSCLC
(FLAURA): Final overall survival analysis. ESMO Congress
2019. Barcelona, Spain, 2019.

10. Shaw AT, Kim DW, Nakagawa K, et al. Crizotinib versus che-
motherapy in advanced ALK-positive lung cancer. N Engl J
Med. 2013;368:2385-2394.

11. Peters S, Camidge DR, Shaw AT, et al. Alectinib versus
Crizotinib in untreated ALK-positive non-small-cell lung can-
cer. N Engl J Med. 2017;377:829-838.

12. Shaw AT, Ou SH, Bang YJ, et al. Crizotinib in ROS1-rearranged
non-small-cell lung cancer. N Engl J Med. 2014;371:1963-1971.

13. Hyman DM, Puzanov I, Subbiah V, et al. Vemurafenib in multi-
ple nonmelanoma cancers with BRAF V600 mutations. N Engl
J Med. 2015;373:726-736.


https://orcid.org/0000-0002-5241-3486
https://orcid.org/0000-0002-5241-3486

2754 . e
—I—Wl LEY_Cancer Medicine _

14.
15.
16.

17.

18.

19.
20.

21.
22.

23.
24.
25.
26.
27.

28.

29.

30.

31.

KUNIMASA ET AL.

Paik PK, Felip E, Veillon R, et al. Tepotinib in non-small-cell
lung cancer with MET exon 14 skipping mutations. N Engl J
Med. 2020;383:931-943.

Wolf J, Seto T, Han JY, et al. Capmatinib in MET exon
14-mutated or MET-amplified non-small-cell lung cancer. N
Engl J Med. 2020;383:944-957.

Drilon A, Oxnard GR, Tan DSW, et al. Efficacy of Selpercatinib
in RET fusion-positive non-small-cell lung cancer. N Engl J
Med. 2020;383:813-824.

Yoh K, Seto T, Satouchi M, et al. Vandetanib in patients with
previously treated RET-rearranged advanced non-small-cell
lung cancer (LURET): an open-label, multicentre phase 2 trial.
Lancet Respir Med. 2017;5:42-50.

Kunimasa K, Matsumoto S, Nishino K, et al. Improvement
strategies for successful next-generation sequencing analysis of
lung cancer. Future Oncol. 2020;16:1597-1606.

Furuya N, Matsumoto S, Kakinuma K, et al. Suitability
of transbronchial brushing cytology specimens for next-
generation sequencing in peripheral lung cancer. Cancer Sci.
2020;112:380-387.

Shibata Y, Matsumoto S, Yoh K, Goto K. Evaluation of
variant frequency in SARS-CoV-2 infection-related genes
utilizing lung cancer genomic database. Lung Cancer.
2020;152:199-201.

Kage H, Kohsaka S, Shinozaki-Ushiku A, et al. Small lung
tumor biopsy samples are feasible for high quality targeted next
generation sequencing. Cancer Sci. 2019;110:2652-2657.
Roy-Chowdhuri S. Molecular testing of residual cytology
samples: rethink, reclaim, repurpose. Cancer Cytopathol.
2019;127:15-17.

Park HS, Harder EM, Mancini BR, Decker RH. Central ver-
sus peripheral tumor location: influence on survival, local
control, and toxicity following stereotactic body radiother-
apy for primary non-small-cell lung cancer. J Thorac Oncol.
2015;10:832-837.

Timmerman R, Paulus R, Galvin J, et al. Stereotactic body ra-
diation therapy for inoperable early stage lung cancer. Jama.
2010;303:1070-1076.

Chang JY, Balter PA, Dong L, et al. Stereotactic body radiation
therapy in centrally and superiorly located stage I or isolated re-
current non-small-cell lung cancer. Int J Radiat Oncol Biol Phys.
2008;72:967-971.

Kunimasa K, Tachihara M, Tamura D, et al. Diagnostic util-
ity of additional conventional techniques after endobron-
chial ultrasonography guidance during transbronchial biopsy.
Respirology. 2016;21:1100-1105.

Sauter JL, ChenY, Alex D, et al. Results from the 2019 American
Society of Cytopathology survey on rapid onsite evaluation
(ROSE)-part 2: subjective views among the cytopathology com-
munity. J Am Soc Cytopathol. 2020;9:570-578.

Mikubo M, Seto K, Kitamura A, et al. Calculating the tumor nu-
clei content for comprehensive cancer panel testing. J Thorac
Oncol. 2020;15:130-137.

Janke LJ, Ward JM, Vogel P. Classification, scoring, and quantifi-
cation of cell death in tissue sections. Vet Pathol. 2019;56:33-38.
Kanda Y. Investigation of the freely available easy-to-use soft-
ware 'EZR' for medical statistics. Bone Marrow Transplant.
2013;48:452-458.

Yu Y, Qian J, Shen L, Ji W, Lu S. Distinct profile of cell-free
DNA in malignant pleural effusion of non-small cell lung

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

cancer and its impact on clinical genetic testing. Int J Med Sci.
2021;18:1510-1518.

LiJ, Li X, Wang W, Shao Y, Zhang Y, Song Z. Gene alterations
in paired supernatants and precipitates from malignant pleural
effusions of non-squamous non-small cell lung cancer. Transl
Oncol. 2020;13:100784.

Liu L, Shao D, Deng Q, et al. Next generation sequencing-based
molecular profiling of lung adenocarcinoma using pleural effu-
sion specimens. J Thorac Dis. 2018;10:2631-2637.

Tong L, Ding N, Tong X, et al. Tumor-derived DNA from pleural
effusion supernatant as a promising alternative to tumor tissue
in genomic profiling of advanced lung cancer. Theranostics.
2019;9:5532-5541.

Coleman N, Woolf D, Welsh L, et al. EGFR exon 20 insertion
(A763_Y764insFQEA) mutant NSCLC is not identified by
Roche Cobas version 2 tissue testing but has durable intracra-
nial and extracranial response to Osimertinib. J Thorac Oncol.
2020;15:e162-e165.

Kunimasa K, Nishino K, Kukita Y, et al. Late recurrence of lung
adenocarcinoma harboring EGFR exon 20 insertion (A763_
Y764insFQEA) mutation successfully treated with osimertinib.
Cancer Genet. 2021;256-257:57-61.

Kim SY, Kim SM, Lim S, et al. Modeling clinical responses to
targeted therapies by patient-derived organoids of advanced
lung adenocarcinoma. Clin Cancer Res. 2021;27:4397-4409.

Hu Y, Sui X, Song F, et al. Lung cancer organoids analyzed on
microwell arrays predict drug responses of patients within a
week. Nat Commun. 2021;12:2581.

Bhullar DS, Barriuso J, Mullamitha S, Saunders MP, O'Dwyer
ST, Aziz O. Biomarker concordance between primary colorectal
cancer and its metastases. EBioMedicine. 2019;40:363-374.
Zahir N, Sun R, Gallahan D, Gatenby RA, Curtis C.
Characterizing the ecological and evolutionary dynamics of
cancer. Nat Genet. 2020;52:759-767.

McGranahan N, Swanton C. Clonal heterogeneity and tumor
evolution: past, present, and the future. Cell. 2017;168:613-628.
Brannon AR, Vakiani E, Sylvester BE, et al. Comparative se-
quencing analysis reveals high genomic concordance between
matched primary and metastatic colorectal cancer lesions.
Genome Biol. 2014;15:454.

Lee SY, Haq F, Kim D, et al. Comparative genomic analysis of
primary and synchronous metastatic colorectal cancers. PLoS
One. 2014;9:¢90459.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Kunimasa K, Matsumoto
S, Nishino K, et al. Comparison of sampling
methods for next generation sequencing for
patients with lung cancer. Cancer Med.
2022;11:2744-2754. doi: 10.1002/cam4.4632



https://doi.org/10.1002/cam4.4632

	Comparison of sampling methods for next generation sequencing for patients with lung cancer
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patients and clinical characteristics
	2.2|Sampling methods for NGS analysis in LC-­SCRUM Asia
	2.3|DNA and RNA extraction, NGS reports from LC-­SCRUM Asia and definition of analysis success or failure
	2.4|Comparison of success rates of NGS analysis before and after introduction of the improved strategies
	2.5|Assessment of tumor nuclei, necrosis tissue contents, and sample size in confirmation slides
	2.6|Statistical analysis

	3|RESULTS
	3.1|Patient characteristics
	3.2|Comparison of the sampling methods for NGS analysis in LC-­SCRUM Asia
	3.3|Clinical factors associated with the risk of re-­genome biopsy and NGS analysis success in TBB samples
	3.4|Comparison of the yields of DNA and RNA, and the success rates of NGS analysis between TBB and CT-­guided biopsy samples

	4|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	References


