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[55,100 deaths (25%)], and the second leading
cause of cancer deaths after colon/rectum cancer
among women [22,400 deaths (14%)] in Japan.!

Although there have been recent advances in the
development of molecular-targeted agents and
immunotherapy for lung cancer, these agents are
effective only in patients with targeted molecular
biological characteristics. Cytotoxic chemotherapy,
molecular-targeted therapy [epidermal growth
factor receptor (EGFR), anaplastic lymphoma
kinase (ALK), and ROS proto-oncogene 1
(ROS1) inhibitors], and immune checkpoint
inhibitors [anti-programmed cell death protein-1
(PD-1) antibody] have been approved as first-line
treatment for advanced nonsquamous non-small
cell lung cancer INSCLC) patients in Japan.

Molecular biomarker testing is necessary to guide
the selection of optimal first-line treatment with
demonstrated effectiveness against the molecular
defects relevant to each individual patient. Some
molecular biomarker tests were available in daily
clinical practice in Japan. Specifically, the follow-
ing molecular biomarker tests were used in Japan
in conjunction with laboratory-developed tests
for the detection of several markers: the cobas®
EGFR Mutation Test (Roche Diagnostics,
Indianapolis, IN, USA) for the detection of EGFR
mutations as a companion diagnostic test with
EGFR-tyrosine kinase inhibitors (EGFR-TKIs),
the Vysis ALK Break Apart FISH Probe Kit
(Abbott Laboratories, Chicago, IL, USA), and
the Histofine ALK iAEP kit (Nichirei Bioscience,
Tokyo, Japan) for the detection of ALK as com-
panion diagnostic tests with ALK inhibitors, the
OncoGuide AmoyDx ROS1 gene fusions detec-
tion kit (Amoy Diagnostics Co Ltd., Xiamen,
China) for the detection of ROSI as a companion
diagnostic test with ROS1 inhibitors, and the pro-
grammed death-ligand 1 (PD-L1) IHC 22C3
pharmDx and PD-L1 IHC 28-8 pharmDx (Dako,
Carpinteria, CA, USA) for the detection of
PD-L1 as companion diagnostic tests with anti-
PD-1 monoclonal antibodies.

The 2018 Guideline for Treatment of Lung
Cancer of The Japan Lung Cancer Society recom-
mends testing patients with nonsquamous NSCLC
for multiple biomarkers, including EGFR gene
mutation, ALK fusion, ROS1 fusion, PD-L1
expression, and BRAF gene mutation.? However,
these biomarker tests cannot be performed in some
patients with advanced NSCLC because tissue

samples are insufficient for performing multiple
biomarker tests.? Furthermore, tissue samples do
not always contain sufficient tumor cells for the
detection of such biomarkers. If biomarker tests
are performed sequentially, some patients might
have to wait to start first-line treatment until all the
biomarker test results are available.

The number of patients who receive personalized
first-line treatment based on the results of bio-
marker analysis in the real clinical setting in Japan
is unknown. The present study aimed to deter-
mine the proportion of nonsquamous NSCLC
patients for whom first-line treatment was selected
based on biomarker testing results by investigat-
ing biomarker testing status before starting first-
line treatment.

Methods

Study design

In this retrospective, multicenter, observational
study, data were collected from the clinical
records of patients with locally advanced or meta-
static nonsquamous NSCLC in Japan. Subjects
were asked for consent and data were collected
from January 2018 to May 2018. The last patient’s
last visit was in May 2018, and the database was
locked in July 2018.

The following data were collected from patients’
clinical records: patients’ clinical background,
sample collection, biomarker testing, and selec-
tion of first-line treatment. To avoid selection
bias at the time of enrollment, patients who were
eligible for this study were enrolled in a consecu-
tive and sequential manner.

The study protocol was approved by the ethical
review board and the institutional review board of
each participating medical center, the names of
which are presented, with approval numbers, in
online supplementary Table 1. The study adhered
to the guidelines set forth by the Declaration of
Helsinki, and study patients provided written
informed consent at study enrollment. In cases
when patients could not be contacted owing to
their death, change of residence, or other cause,
patients were enrolled in this study by an appro-
priate method that was deemed equivalent to
obtaining consent from the patients, in accord-
ance with the decisions of the institutional review
board at each center.
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Patients

Patients aged =20years at the time of informed
consent, with locally advanced or metastatic non-
squamous NSCLC, who did not have an indica-
tion for radical surgery or radiotherapy, with an
Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0-1, and who started
first-line treatment between 1 August 2017 and
31 December 2017, were included in this study.
Patients with postoperative recurrence, those
enrolled in clinical trials of an unapproved drug as
first-line therapy for advanced NSCLC, and those
otherwise considered unsuitable to participate in
this study by the investigators at the study sites
were excluded.

Endpoints

The primary endpoint was the proportion of
patients with confirmed biomarker status for first-
line treatment decision. According to the 2016
Guideline for Treatment of Lung Cancer of The
Japan Lung Cancer Society,* the primary end-
point was defined as the proportion of patients
who met criteria A, B, or C, as follows: (A)
patients who tested positive for at least EGFR,
ALK, or ROS1 gene alteration prior to starting
first-line treatment; (B) patients who tested nega-
tive for all EGFR, ALK, and ROS1 gene altera-
tions and had a PD-L1 tumor proportion score
(TPS) =50% prior to starting first-line treatment;
or (C) patients who tested negative for all EGFR,
ALK, and ROS1 gene alterations and had a
PD-L1 TPS <50% prior to starting first-line
treatment. The secondary endpoints were the
proportion of patients who underwent each bio-
marker test, the proportion of patients who tested
positive for each biomarker, the combination and
order of biomarker tests performed, selection of
first-line treatment, and time to initiation of first-
line treatment. In this study, the driver mutations,
that is, those that confer a growth advantage on
the cancer cell,> specifically assessed were those
for EGFR, ALK, and ROS]1.

Statistical analysis

Sample size based on statistical power was not cal-
culated because this was a descriptive study. This
study aimed to enroll 200 patients from 10 to 15
sites in Japan, as this was considered the number
of cases that could be collected during the study
period. Although the width of a confidence inter-
val (CI) depends on a true value of the primary

Table 1. Patient characteristics.

n=202
Sex Male 126 (62.4)
Age, years Median (range) 70.0 (32-89)
Smoking status Current smoker 30 (14.9)
Never smoker 67 (33.2)
Past smoker 105 (52.0)
ECOG PS 0 63 (31.2)
1 139 (68.8)
Clinical stage 1A 7 (3.5)
B 21(10.4)
I11C 6 (3.0)
IVA 82 (40.6)
IVB 85 (42.1)
Missing 1(0.5)
Histological type Adenocarcinoma 183 (90.6)
Othera 19 (9.4)

Data are presented as n (%) unless otherwise stated.

aLarge cell carcinoma: three patients; neuroendocrine tumor of the lung: two

patients; NSCLC not otherwise specified: 14 patients.

ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC,

non-small cell lung cancer.

endpoint, this sample size would yield a CI of a
width of <15% for any value of a plausible range
of the primary endpoint. Descriptive statistics
were used for baseline demographic and clinical
characteristics, with 7 (%) for categorical variables
and median (range) for continuous variables. All
endpoints were summarized descriptively. Base
SAS® Version 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for statistical analysis.

Results

Patients

A total of 202 patients were enrolled from 11
medical centers in Japan. Patients had a median
age of 70 (range, 32—89) years and 62.4% were
male (Table 1). Most patients (68.8%) had an
ECOG PS of 1 and were classified as having ade-
nocarcinoma histological type (90.6%).
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Proportion of patients with confirmed biomarker status (EGFR
mutation, ALK fusion, ROS1 fusion, and PD-L1 expression) for
first-line treatment decision

79.7% (161/202)
[95% Cl, 74.2%-85.2%]

Patients with at least one positive EGFR, ALK, or ROS1 gene alteration prior to starting first-line treatment

n Patients who tested negative for all EGFR, ALK, and ROS1 gene alterations and had a PD-L1 TPS >50%
prior to starting first-line treatment

Patients who tested negative for all EGFR, ALK, and ROS1 gene alterations and had a PD-L1 TPS <50%
prior to starting first-line treatment

E Patients who did not meet the above criteria

Figure 1. Proportion of patients with confirmed biomarker status (EGFR mutation, ALK fusion, ROST fusion,

and PD-L1 expression] for first-line treatment decision.

ALK, anaplastic lymphoma kinase; Cl, confidence interval; EGFR, epidermal growth factor receptor; PD-L1, programmed
death-ligand 1; ROS1, ROS proto-oncogene 1; TPS, tumor proportion score.

Table 2. Details of 41 patients who did not meet criteria for the primary endpoint.

Reasons Details
Unidentified driver mutation? status 29 ROST test not performed: 23
Other: 6
Confirmed driver mutation-negative but PD-L1 4 =
test not performed
Unidentified driver mutation and PD-L1 status 6 All testing was not performed: 2
ROST and PD-L1 were not performed: 3
ALK and PD-L1 were not performed: 1
All biomarker testing was performed but some 2 Invalid ROST result: 1

testing results were invalid.

Invalid PD-L1 result: 1

aDriver mutations: EGFR, ALK, ROST.

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1; ROS1,

ROS proto-oncogene 1.

Endpoints

The proportion of patients with confirmed bio-
marker status for first-line treatment decision
(primary endpoint) was 79.7% (95% CI, 74.2—
85.2%) (Figure 1). The proportions of patients
who met criteria A, B, and C were 45.5%, 17.8%,
and 16.3%, respectively. Of 202 patients, 41
(20.3%) did not meet the criteria for the primary
endpoint (Table 2).

The proportions of patients who underwent bio-
marker testing for EGFR, ALK, ROSI1, and
PD-L1 were 97.5%, 88.1%, 67.3%, and 87.1%,
respectively (Figure 2). A total of 206 EGFR tests
were performed, among which 118 (57.3%) tis-
sue samples were used for testing. A total of 212
ALK tests were performed, among which 164
(77.4%) tissue samples were used for testing. A

total of 158 ROS1 tests were performed, among
which 101 (63.9%) tissue samples were used for
testing. A total of 204 PD-L1 tests were per-
formed, among which 170 (83.3%) tissue sam-
ples were used for testing. Nontissue samples
used included cytology samples and cell blocks.
The proportions of patients who tested positive
for EGFR, ALK, and ROSI were 38.1%, 8.4%,
and 1.5%, respectively (Figure 2). The propor-
tions of patients with PD-L1 TPS <1%, 1-49%,
and =50% were 33.0%, 24.4%, and 40.3%,
respectively. The driver mutations for EGFR,
ALK, and ROS1 were mutually exclusive.

Among 76 patients who were driver mutation-pos-
itive and underwent PD-L.1 testing, 38.2% (29/76),
32.9% (25/76), and 25.0% (19/76) had a PD-L1
TPS <1%, 1-49%, and =50%, respectively; 3.9%
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[Testing rate] Performed M Not performed
EGFR test (n=202) ALK test (n=202)
0% 25% 50%  75% 100% 0% 25% 50%  75% 100%

97.5% (197/202) I 88.1% (178/202) .
| 1

ROS1 test (n=202)
0% 25%

67.3% (136/202) -

PD-L1 test (n=202)

50%  75%  100% 0% 25%  50%  75%  100%

87.1% (176/202) .

Reason for not performing biomarker testing

EGFR (n=5)
VA

ALK (n=24)
VA

ROS1 (n=66)
n (%)

PD-L1 (n=26)
n (%)

Insufficient amount of samples were obtained 0(0.0) 3(12.5) 4(6.1) 11 (42.3)
The result of the prior biomarker testing was positive 0(0.0) 11 (45.8) 24 (36.4) 8(30.8)
Administration of cytotoxic agent was determined before obtaining the result(s) due
to the fast progression of the disease 3(60.0) 3(125) 5(7.6) 207)
Medical history of ILD or any evidence of active ILD 1(20.0) 1(4.2) 1(1.5) 0(0.0)
Contraindications for biomarker-specific agents or similar complications / medical
history was found (other than ILD) 1(20.0) 0(0.0) 2(30) 0(0.0)
Physician/hospital policies 0(0.0) 6 (25.0) 29 (43.9) 5(19.2)
Other 0(0.0) 0(0.0) 1(1.5) 0(0.0)
[Positive rate] M Positive Negative M Invalid 3.7% 2.3%
(5/136) (4/176)
38.1% 8.4% 1.5% 40.3%
(75/197) i (15/178) (2/136) (71/176)
TPS
EGFR ALK ROS1 PD-L1 B
(n=197) (n=178) (n=136) (n=176)
33.0%
e S e (58/176)
61.9% 91.6% 94.9% 24.4%
(122/197) (163/178) (129/136) (43/176)

Figure 2. Testing rate and positive rate for each biomarker.
ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; ILD, interstitial lung disease; PD-L1,
programmed death-ligand 1; ROS1, ROS proto-oncogene 1; TPS, tumor proportion score.

(3/76) had invalid test results. Among 70 patients
who were driver mutation-negative and under-
went PD-L1 testing, 28.6% (20/70), 18.6%
(13/70), and 51.4% (36/70) had a PD-L1 TPS
<1%, 1-49%, and =50%, respectively; 1.4%
(1/70) had invalid test results.

The patterns of biomarker testing performed are
shown in Table 3. The most common testing
pattern was concurrent testing of EGFR, ALK,
ROS1, and PD-L1 (64/202, 31.7%), followed by
concurrent testing of EGFR, ALK, and PD-L1
(37/202, 18.3%).

The selection of first-line treatment by biomarker
status is shown in Table 4. Among the 75 patients
who tested positive for EGFR, 93.3% (70/75)
received first-line treatment with an EGFR-TKI.
Among the 15 patients who tested positive for
ALK, 93.3% (14/15) received first-line treatment
with an ALK inhibitor. The patients who tested
positive for ROS1 (100%) received first-line treat-
ment with a ROSI1 inhibitor. Among the 36
patients who were driver mutation-negative and
had a PD-L1 TPS =50%, 80.6% (29/36) received

first-line treatment with an anti-PD-1 mono-
clonal antibody. All 33 patients (100%) who
were driver mutation-negative and had a PD-L1
TPS <50% received first-line treatment with
chemotherapy.

The median time from the date of confirmed
diagnosis to initiation of first-line treatment was
19.0 (range, 0-232) days (z=202). The median
time between ordering the first biomarker test
and receiving the last biomarker test result was
11.0 (range, 2—67) days (n=197).

Discussion

Previous studies have investigated multiple bio-
marker testing rates and treatment patterns in
NSCLC patients.5° However, to the best of our
knowledge, the present study is the first to focus
on the proportion of advanced nonsquamous
NSCLC patients with confirmed biomarker sta-
tus for first-line treatment decision.

The proportion of patients with confirmed bio-
marker status for first-line treatment decision was
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Table 3. Patterns of biomarker testing performed.

Number of biomarker n (%) Pattern of biomarker testing n (%)

tests performed performed

4 119 (58.9) EGFR/ALK/ROS1/PD-L1 64 (31.7)
EGFR/ALK/ROST = PD-L1 15 (7.4)
EGFR/ALK/PD-L1 = ROST 11 (5.4)
EGFR = ALK/PD-L1/R0OST 6 (3.0
Other (a total of 13 patterns) 23 (11.4)

3 57 (28.2) EGFR/ALK/PD-L1 37(18.3)
EGFR/ALK/ROST 7 (3.5)
Other (a total of eight patterns] 13 (6.4)

2 16 (7.9 EGFR/PD-L1 5(2.5)
Other (a total of five patterns) 11 (5.4)

1 8 (4.0) EGFR 6 (3.0)
PD-L1 2(1.0)

0 2(1.0) - 2(1.0)

Arrow (=) indicates sequential order of tests. Virgule (/) indicates concurrent testing.
ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1; ROS1,

ROS proto-oncogene 1.

79.7% (161/202). Regarding the testing rate for
individual biomarkers, the testing rate was high-
est for EGFR (97.5%), followed by ALK (88.1%)
and PD-L1 (87.1%), and was lowest for ROS1
(67.3%). The main reasons for no biomarker test-
ing were physician or hospital policies regarding
ROS1 testing (29/66 patients) and ALK testing
(6/24 patients), and insufficient sample amount
for PD-L1 testing (11/26 patients). ‘Physician/
hospital policies’ was a relatively frequent reason
for a lack of ROSI and ALK testing. We consider
that a possible explanation for this is the relatively
low frequency of these mutations. In Japanese
lung adenocarcinoma cases, the frequency of
ALK mutation was reported to be 3.9% and
that for ROS1 mutation, 1.2%.1° Of note, ROS1
testing (companion diagnostics for ROS1 test-
ing; ROS1 fusion gene detection kit, Amoy
Diagnostics, Xiamen, China) was launched in
Japan in June 2017. Because the patients enrolled
in this study initiated first-line treatment between
August and December 2017, it is possible that the
recently approved ROS]I testing method was not
widely performed at the time of the study. This
may explain the low rate of ROS1 testing in the

present study. Another potential reason for this is
that, in some centers, testing for ROSI is con-
ducted only if the results for EGFR and ALK
testing are negative, as these tests are mutually
exclusive. If we consider an additional 15
patients who were treated with an anti-PD-1
monoclonal antibody based on PD-L1 test
results (Table 4) without undergoing ROS1 test-
ing, the proportion of patients increases to
87.1% [(161 +15=176)/202]. The most com-
mon testing pattern was concurrent testing of
EGFR, ALK, ROS1, and PD-L1 (31.7%) fol-
lowed by concurrent testing of EGFR, ALK, and
PD-L1 (18.3%). The median time from diagno-
sis to initiation of first-line treatment was 19 days,
and the median turnaround time for overall bio-
marker testing was 11days. Finally, among the
161 patients with confirmed biomarker status,
148 (91.9%) received appropriate biomarker-
based treatment.

In the PIvOTAL study,® a multinational retro-
spective study of molecular testing and treatment
patterns in patients with advanced NSCLC,
among the 129 Japanese patients included, the

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

J Shimizu, K Masago et al.

Table 4. First-line treatment by biomarker status.

EGFR-TKI ALK inhibitor ROS1 inhibitor Anti-PD-1 mAb Chemotherapy
EGFR (+) 702 0 0 1 4
(n=75) (93.3%) (1.3%) (5.3%)
ALK (+) 0 0 0 !
(n=15) (93.3%) (6.7%)
ROST (+) 0 0 2 0 0
(n=2) (100.0%)
All driver mutation-negative 0 0 0 29 7
and PD-L1 =50% (80.6%) (19.4%)
(n=36)
All driver mutation-negative 0 0 0 0 33
and PD-L1 <50% (100.0%)
(n=33)
Otherec 0 0 0 18 26
(n=41) (36.6%) (63.4%)

Grey shading: Confirmed biomarker status and received biomarker-based treatment.

Percentages are based on each row total.

aA total of 64 patients were treated with EGFR-TKI monotherapy and six patients were treated with EGFR-TKI plus antivascular endothelial growth

factor monoclonal antibody.

PAlL 15 patients had PD-L1 tumor proportion score =50% but unknown ROST status.
cPatients who did not meet any of the criteria described above.

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; mAb, monoclonal antibody; PD-1, programmed cell death protein-1;
PD-L1, programmed death-ligand 1; ROS1, ROS proto-oncogene 1; TKI, tyrosine kinase inhibitor.

molecular testing rate was 81% for EGFR muta-
tion and 19% for ALK rearrangement (versus
97.5% and 88.1%, respectively, in the present
study). A possible reason for the higher ALK test-
ing rate in the present study is that there is a
greater awareness among clinicians and institu-
tions of the current evidence-based guidelines on
the subject and the overall importance of molecu-
lar testing in order to adequately select the best
targeted therapy for patients. It should be noted
that the PIVOTAL study was performed between
2011 and 2013, and that ALK inhibitors were
first approved in Japan in 2012. Therefore, clini-
cians may have believed ALK testing to be unnec-
essary or they may not have been aware of this
test before the approval of ALK inhibitors.

Consistent with the results of the present study,
another previous multinational retrospective
chart review conducted in the US and European
countries that evaluated trends in NSCLC bio-
marker testing rates found that the majority of
patients underwent EGFR and ALK testing.? In
the present study, the testing rate was highest for
EGFR compared with that for ALK, PD-L1, and
ROS1. These results are consistent with those of

the PIVOTAL study, which showed that in all
countries included in the study, the EGFR testing
rate was higher than those of other molecular
tests. The proportions of patients in Japan who
tested positive for EGFR and ALK in the
PIvVOTAL study were 42% and 8%, respectively;
these values were consistent with those in the pre-
sent study (38.1% and 8.4%, respectively).

The selection of first-line treatment with an
EGFR-TKI, ALK inhibitor, and ROS1 inhibitor
was performed in 93.3%, 93.3%, and 100% of
patients who tested positive for the respective bio-
marker in the present study. These values were
consistent with those reported in a previous retro-
spective study, which found that 96.8% (n=61)
of patients presenting with an actionable ALK,
EGFR, or ROS1 mutation were prescribed an
appropriate targeted therapy.® Ideally, the pro-
portion of patients with confirmed biomarker sta-
tus for first-line treatment decision would be
100%. However, this survey revealed that, in 20%
of patients, the first-line treatment was selected
even though their biomarker status was not con-
firmed. The biomarker testing rate was consid-
ered unsatisfactory; in particular, the ROSI
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testing rate was low in the present study. To
improve this rate in the real-world clinical setting
in Japan, awareness of ROSI testing should be
increased among physicians because the low
ROS1 testing rate was due to physician/hospital
policies. In addition, an adequate amount of tis-
sue samples should be obtained for multiple bio-
marker testing, given that the low PD-L1 testing
rate in this study was attributed to an insufficient
amount of samples obtained.

A single-center study by Yu and colleagues evalu-
ated single-gene testing versus multiple biomarker
testing rates using Oncomine Dx Target Test for
advanced NSCLC.?” The Oncomine Dx Target
Test is a next-generation sequencing (NGS)
panel for NSCLC testing, which could facilitate
access to multiple biomarker testing using small
tissue samples. In general, NGS can detect a
number of gene alterations concurrently using a
single sample. In contrast, the biomarker testing
methods used in the present study require a sam-
ple each. Thus, the use of NGS methods might
be useful in terms of saving tissue samples, or in
instances in which tissue samples are too small for
multiple biomarker tests. Therefore, the detec-
tion of gene alterations using NGS might lead to
an increased proportion of patients with con-
firmed biomarker status at the time of selecting
the first-line therapy.

The present study has some limitations, such as
the relatively small sample size of 202, the brief
study period of 5 months, the retrospective study
design, and the descriptive nature of the findings.
The timing of the study was another limitation as
ROS1 was not widely performed at the time the
patients were diagnosed and first treated.
Furthermore, reimbursement for ROSI1 testing
became available in Japan on 1 June 2017, and this
may have contributed to the low ROS1 testing rate
in the present study. Another limitation related to
the timing of the study is that the present findings
may become less relevant as new approaches, such
as multiplex testing and NGS, become more
widely used. In addition, this study has limited
generalizability in terms of extrapolating the results
to the wider Japanese population because the
investigational sites were specialized centers and
the results may not reflect the approaches to bio-
marker testing at nonspecialist centers. Finally, as
this study focused on the proportion of patients for
whom first-line treatment was selected based on
biomarker testing results, we did not collect treat-
ment efficacy outcome data.

In conclusion, compared with other biomarkers
[ALK (88.1%), PD-L1 (87.1%), and ROSI1
(67.3%)], the highest testing rate was that for
EGFR (97.5%). As a result, the proportion of
nonsquamous NSCLC patients with confirmed
biomarker status for first-line treatment decision
was 79.7%. We consider that this proportion is
still insufficient and in need of improvement. To
increase the proportion of NSCLC patients with
confirmed biomarker status, it is important to
conduct genetic testing, even to detect genetic
mutations with a lower mutation rate. In addi-
tion, it is necessary to collect sufficiently large
tumor specimens to conduct multiple biomarker
tests. Furthermore, to clarify the optimal strategy
of biomarker testing for NSCLC patients in real
clinical practice, it is necessary that future studies
apply recently developed biomarker testing meth-
ods, such as NGS.
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