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Abstract

Background: Studies on the application of targeted therapies for patients with non-
small cell lung cancer (NSCLC) who harbor rare genetic mutations are ongoing. In
the present study, we investigated the real-world data of NSCLC patients who harbor
rare mutations.

Methods: We retrospectively analyzed patients with advanced or metastatic non-
squamous NSCLC aged >20 years with confirmed rare mutations (BRAF, ROS1, MET,
RET, HER2, FGFR, and NTRK) from January 2015 to September 2020 at nine tertiary
hospitals. In addition, we validated the lung cancer PCR panel kit in patients with
confirmed mutations by NGS.

Results: Among 118 patients included, 88 received platinum-based chemotherapy
as first-line chemotherapy. The progression-free survival of patients with BRAF,
ERBB2, MET, RET, and ROS1 mutations was 10.9 months (95% confidence interval
[CI]: 1.3-20.5), 5.3 months (95% CI: 3.0-7.5), 7.2 months (95% CI: 3.6-10.9),
11.4 months (95% CI: 9.2-13.6), and 10.0 months (95% CI: 3.7-16.4) respectively
(p = 0.041). The median overall survival (OS) was not reached in patients with
ROSI mutations; however, in BRAF, ERBB2, MET, and RET mutant patients,
median OS was 14.1 months (95% CI: 10.1-14.1), 34.5 months (95% CI: 13.2-36.9),
22.7 months (95% CI: 1.7-24.0), and 29.8 months (95% CI: 28.9-61.3), respectively
(p = 0.006). Of the 27 tissue samples, 26 (96.3%) showed the same PCR panel kit
result with NGS.
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Conclusions: First-line platinum-based chemotherapy showed durable benefit in
patients with advanced or metastatic nonsquamous NSCLC harboring rare genetic
mutation other than EGFR or ALK.
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INTRODUCTION

In the treatment of non-small cell lung cancer (NSCLC),
several targetable oncogenes such as EGFR mutation, ALK
translocation, ROS1 rearrangement, and BRAF mutations
have been identified to date. In particular, about 60% of
patients with lung adenocarcinoma have genetic mutations
that can be targeted by specific targeted agents.' The EGFR
mutation is found in 15%-20%, while the ALK translocation
is found in 3%-7% of patients with lung adenocarcinoma.?
Many studies have shown that tyrosine kinase inhibitors,
which target EGFR or ALK mutations, have remarkable
effectiveness in the treatment of lung adenocarcinoma.’
Therefore, studies on the application of targeted therapies
for patients with rare genetic mutations and also to find
novel oncogenes that are potential therapeutic targets in
NSCLC are ongoing. Consequently, in the latest treatment
trend for patients with NSCLC who harbor ROS1, BRAF,
NTRK1/2/3, MET, and RET mutations, the preferred first-
line therapy was changed to targeted therapy for advanced
or metastatic disease.*> Unlike systemic chemotherapy,
targeted therapy is even recommended or selected by physi-
cians for patients with poor performance status and for
elderly patients in hospitals. Therefore, it is now crucial to
investigate other rare mutations in addition to EGFR and
ALK in NSCLC patients.® As per the guidelines, testing for
EGFR, ALK, ROSI, and BRAF mutations is mandatory in
newly diagnosed patients with metastatic NSCLC in most
countries, and it has evolved to test RET, MET, HER2, and
KRAS if possible.* To date, next generation sequencing
(NGS) is used for testing rare mutations such as RET, MET,
HER2, and KRAS, albeit it has the disadvantage of being
time-consuming, burdensome, and expensive.” Therefore, in
the present study, we investigated the therapeutic response
of conventional chemotherapy for patients with advanced or
metastatic NSCLC with rare mutations in Korea, and we
examined and validated lung cancer polymerase chain reac-
tion (PCR) panel kit that confirms the various genetic muta-
tions of NSCLC at once.

METHODS
Study design and patients

In this retrospective multicenter cohort study, we included
patients aged over 20 years who were diagnosed or treated
for nonsquamous NSCLC from January 2015 to September
2020 at nine tertiary hospitals in Korea. The patients had

advanced or metastatic stage cancer with EGFR/ALK-
negative and positive for any other mutations; BRAF, ROSI,
¢-MET, RET, HER2, FGFR, and NTRK by NGS or the PCR
method. Patient characteristics, date of diagnosis, diagnostic
methods, histological type, mutation type, presence of cere-
bral metastasis, types of chemotherapy regimens, response
to chemotherapy, and survival status of patients were col-
lected. We tested the lung cancer PCR panel kit in patients
with confirmed mutations by NGS and had previously
agreed to secondary use of remaining tissue samples. The
results of the PCR panel were collected.

Pan lung cancer PCR panel kit

The 9-in-1 Lung Cancer PCR Panel (AmoyDx, Xiamen,
China) is a quantitative real-time PCR assay for detection of
167 hot spot alterations in EGFR, ALK, ROS1, KRAS, BRAF,
HER2, RET, MET, NTRKI1, NTRK2, and NTRK3. This kit
contains a detection system of RNA gene fusion and DNA
gene mutations. The RNA gene fusion detection includes
two processes: (1) Reverse transcription: extracted RNA
from formalin-fixed paraffin-embedded tissue or fresh
tumor tissue is employed in this step. Reverse transcription
of target RNA enables complementary DNA (cDNA) syn-
thesis with the action of reverse transcriptase and specific
primers. (2) PCR amplification: the specific primers are
designed for amplification of cDNA, and ALK, ROSI, RET,
MET, NTRK1, NTRK2, and NTRK3 variant amplicon is
detected by fluorescent probes; the DNA gene mutation
detection system uses specific primers and fluorescent pro-
bes to detect gene mutations. During amplification, the tar-
get mutant DNA is matched with the bases at the 3’ end of
the primer, and amplified efficiently. Subsequently, the
mutant amplicon is detected by fluorescent-labeled probes.
If the wild-type DNA cannot be matched with specific
primers, amplification does not occur. It is designed for
detection of hotspot mutations in EGFR, HER2, KRAS, and
BRAF genes. The turnaround time of the lung cancer panel
PCR kit is 7-8 h.

Statistical analysis

Variables are presented as either the mean with standard
deviation or median with an interquartile range (IQR), as
appropriate. Survival analyses were performed using the
Kaplan-Meier method and the log-rank test. All p-values
were two-tailed, and statistical significance was set at a
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p < 0.05. Statistical Package for the Social Sciences (version
25.0; IBM Corp.) and MedCalc (version 20.0; MedCalc Soft-
ware Inc.) were used for all statistical analyses.

RESULTS

In the present study, we analyzed the data of 118 patients
diagnosed with advanced or metastatic nonsquamous
NSCLC and harboring rare mutations confirmed by PCR or
NGS were analyzed. The median age was 61 years, the pro-
portion of male patients was 44.1%, and 39% of patients had
a smoking history (Table 1). Seventeen patients (14.4%) had
cerebral metastasis at initial diagnosis. Among the
118 included patients, 46 (39%) had ROSI, 27 (22.9%) had
RET, 14 (11.9%) had MET, 14 (11.9%) had ERBB2,
10 (8.5%) had BRAF, five (4.2%) had FGFR and two (1.7%)
had NTRK mutations. Eighty-one patients (68.6%) were
diagnosed by NGS, while 37 (37%) were diagnosed by RT-
PCR. All the patients diagnosed by RT-PCR had ROSI
mutations. A total of 107 patients received palliative chemo-
therapy, and 88 received platinum-based chemotherapy as
first-line chemotherapy. Among them, 58 patients received
platinum-pemetrexed. Thirteen patients received crizotinib

TABLE 1 Patient characteristics

Total (n = 118)

Age, median (IQR) 61 (54-71.25)

Male sex, n (%) 52 (44.1)
Ever smoking, #n (%) 46 (39)
Histopathological type, n (%)
Adenocarcinoma 112 (94.9)
Others 6 (5.1)
Mutation type, n (%)
ROSI 46 (39)
RET 27 (22.9)
MET 14 (11.9)
ERBB2 14 (11.9)
BRAF 10 (8.5)
FGFR 5(4.2)
NTRK 2(17)
Diagnostic method, 7 (%)
NGS 81 (68.6)
PCR 37 (31.4)
Brain metastasis at diagnosis, n (%) 17 (14.4)
Palliative first-line chemotherapy n =107
Platinum based therapy, n (%) 88 (82.2)
Platinum + pemetrexed 58 (54.2)
Platinum + others 30 (28.4)
Crizotinib, n (%) 3(12.1)
Others, n (%) 6 (5.6)

Abbreviations: IQR, interquartile range; NGS, next-generation sequencing; PCR,
polymerase chain reaction.

as first-line chemotherapy and all patients had ROS 1 muta-
tion. Table S1 shows the baseline characteristics of patients
stratified by mutation type. In patients with the ERBB2
mutation, the median age was 48 years, which was younger
than that of other mutations; however, in patients with the
MET mutation, the median age was 71.5 years, which was
older than that of other mutations (p < 0.001). No signifi-
cant difference was observed in terms of sex, state of cere-
bral metastasis, and PD-L1 expression at the initial
diagnosis between mutation types, but there was a higher
proportion of female patients with the ERBB2 muta-
tion (78.6%).

Median progression-free survival (PES) and overall sur-
vival (OS) were compared in patients with the ROSI, RET,
MET, ERBB2, and BRAF mutations who received palliative
first-line platinum-based chemotherapy. The median follow-
up duration was 15.8 months (IQR 7.5-27.8). The median
PES and OS of five mutations treated with first-line plati-
num base chemotherapy was 9.6 months (95% confidence
interval [CI]: 7.7-11.5) and 36.9 months (95% CI: 11.3-
62.6). The median PFS of patients with BRAF, ERBB2, MET,
RET, ROSI mutations was 10.9 months (95% CI: 1.3-20.5),
5.3 months (95% CI: 3.0-7.5), 7.2 months (95% CI: 3.6—
10.9), 11.4 months (95% CI: 9.2-13.6), and 10.0 months
(95% CI: 3.7-16.4), respectively (p = 0.041) (Figure 1).
Patients with the ROSI mutation did not attain the median
OS; however, in patients with BRAF, ERBB2, MET, and RET
mutations, median OS was 14.1 months (95% CIL: 10.1-
14.1), 34.5 months (95% CI: 13.2-36.9), 22.7 months (95%
CI: 1.7-24.0), and 29.8 months (95% CI: 28.9-61.3), respec-
tively (p = 0.006) (Figure 2). The median PES of patients
with ROS1 who received first-line platinum-based chemo-
therapy or crizotinib was 10.0 months (95% CI: 3.7-16.4)
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FIGURE 1 Progression-free survival of patients harboring BRAF,
ERBB2, MET, RET or ROSI treated with palliative first-line platinum-based
chemotherapy. The median PFS of patients with each mutation was

10.9 months (95% CI: 1.3-20.5) in BRAF, 5.3 months (95% CI: 3.0-7.5) in
ERBB2, 7.2 months (95% CI: 3.6-10.9) in MET, 11.4 months in RET (95%
CI: 9.2-13.6), and 10.0 months (95% CI: 3.7-16.4) in ROSI (p = 0.041).
PFS, progression-free survival
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FIGURE 2 Overall survival of patients harboring BRAF, ERBB2, MET,
RET, or ROSI who were treated with palliative first-line platinum-based
chemotherapy. The median OS was not reached in patients with ROSI
mutations. In patients with BRAF, ERBB2, MET, and RET mutations,
median OS was 14.1, 34.5, 22.7, and 29.8 months, respectively (p = 0.006).
OS, overall survival

TABLE 2 Response to first-line platinum-based chemotherapy

ORR (CR + PR) DCR (CR + PR 4 SD)

BRAF 0% (n = 0/8) 75% (n = 6/8)

ERBB2 53.8% (n = 7/13) 76.9% (n = 10/13)
MET 25% (n = 3/12) 66.7% (n = 8/12)
RET 52% (n = 13/25) 80% (n = 20/25)
ROSI 30.4% (n = 7/23) 82.6% (n = 19/23)
Total 37.0% (30/81) 77.8% (n = 63/81)

Abbreviations: CR, complete response; DCR, disease control rate; ORR, objective
response rate; PR, partial response; SD, stable disease.

versus not reached, respectively (p = 0.399) (Figure S1). The
total objective response rate for first-line platinum-based
chemotherapy was 37.0% (95% CI: 26.6-48.5) and the dis-
ease control rate was 77.8% (95% CI: 67.2-86.3) (Table 2).

In total, the tumor samples of 35 patients were tested
with the lung cancer PCR panel kit and among them, the
samples of eight patients were substandard because of con-
centrations that were too low or because the samples had
been collected too long ago (Table S2). Of the 27 samples,
26 showed the same result with NGS (96.3%). One tumor
sample with ERBB2 mutations did not show the result
despite a sufficient concentration.

DISCUSSION

For patients who lacked targetable genetic alteration like
EGFR and ALK mutations, platinum-based chemotherapy
was the recommended first-line chemotherapy before the
introduction of pembrolizumab.® Likewise, patients with
rare mutations other than EGFR and ALK, who do not have

options for available targeted drugs, were commonly treated
with platinum-based chemotherapy in clinics. However, to
date, few studies have reported the efficacy of this treatment
in these patients. In this study, we evaluated the PFS and OS
of patients with five rare mutations who received platinum-
based chemotherapy, and apart from patients with an
ERBB?2 alteration, the patients with the BRAF, MET, RET,
and ROSI alteration had a median PFS of more than
6 months. In a previous retrospective study of 104 patients
treated with pemetrexed-based chemotherapy including
79.1% of pemetrexed-platinum combination, the median
PFS was reported to be 19 months in RET, 23 months in
ROS1, 19 months in ALK, and 6 months in patients with the
KRAS mutation.” In another clinical study comparing
crizotinib and platinum-pemetrexed in ROSI, the median
PES of patients on platinum-pemetrexed was 8.6 months."°
Patients with V600E BRAF and non-V600E BRAF muta-
tions who received platinum-based chemotherapy showed
4.1 and 8.9 months of median PFS, respectively, in one
observational study."' The total objective response rate
(ORR) was comparable to the reported value of a systematic
meta-analysis of first-line platinum-pemetrexed chemother-
apy in advanced NSCLC."* Therefore, studies on rare muta-
tions including our cohort showed some durable benefit of
platinum-based chemotherapy, so this regimen can be con-
sidered first for patients with advanced or metastatic NSCLC
harboring rare mutations but who do not have options of
available targeted drugs.

As many recent studies showed that targeted drugs have
a better survival outcome than conventional chemotherapy,
or showed good outcome for patients treated after
platinum-based chemotherapy failure, the updated National
Comprehensive Cancer Network guideline recommends
performing molecular diagnostic studies of EGFR, KRAS,
ALK, ROS1, BRAF, NTRK, MET, and RET. In case of insuf-
ficient tissue, molecular biomarker analysis should be per-
formed even if the biopsy is repeated.'® In the present study,
there was a significant difference in median OS between
patients with the ROSI mutation and those with other muta-
tions. All the ROS-1 mutant patients were alive during the
entire follow-up period and among them, 47.8% with the
ROSI mutation were sequentially treated with crizotinib
after platinum-based chemotherapy failure. Therefore, the
increased OS of ROS1-mutant patients can be explained by
the effect of crizotinib. In a previous study of
50 ROS1-positive patients, crizotinib showed good anti-
tumor activity with an ORR of 72% and a median PFS of
19.2 months.'* Recently, new targeted drugs such as
ceritinib and entreactinib have been studied,'” because
crizotinib resistance often occurs, making the treatment of
ROS1-positive lung cancer more difficult. Entrectinib is
known to penetrate and remain in the central nervous sys-
tem, so has good effect on intracranial metastasis."®

RET mutations are identified in 1%-2% of NSCLC and
are mainly found in young, nonsmoker patients with adeno-
carcinoma and are known to be at a high risk of cerebral
metastasis.'” In the present study, 27 patients with RET
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mutation who had been treated with first-line platinum-
based chemotherapy showed 11.4 months of median PFS
and 52% of ORR. Cerebral metastasis at initial diagnosis was
reported in 11.1% but increased to 29.6% during treatment.
The antitumor effects of selpercatinib and pralsetinib were
demonstrated in RET fusion-positive NSCLC. In a previ-
ous study of selpercatinib, the ORR was 64% and 85% in
patients with RET mutation who had previously been
treated with  platinum-based chemotherapy and
treatment-naive patients, respectively.'® In a study of
pralsetinib, the ORR was 61% and 70% in patients who
had previously been treated with platinum-based chemo-
therapy and treatment-naive patients, respectively.'® Both
targeted drugs also have an antitumor effect on intracra-
nial tumors because they cross the blood-brain barrier.*
Therefore, these targeted drugs could be a good option for
patients with cerebral metastasis from the initial diagnosis
or during chemotherapy. ERBB2 (human epidermal
growth factor receptor 2, HER2) is reported in 3% of non-
squamous NSCLC and is associated with female sex, non-
smoker, and young age. In the present cohort, patients
with the ERBB2 mutation were youngest, had the highest
proportion of females, and showed poor PFS than patients
with other mutations. A study of 91 which previously
treated HER2-mutant NSCLC patients confirmed the anti-
tumor activity of trastuzumab plus deruxtecan. The ORR
was 55%, the median PFS and OS were 8.2 and
17.8 months, respectively.’! Ado-trastuzumab showed
44% of partial response in a group of 18 patients with an
average of two previous treatments.

We performed a lung cancer PCR panel kit in 35 patients
who had remaining samples after NGS testing. Except for
eight cases with sample quality problems, the concordance
of PCR panel results with NGS was 96.3%. In one case diag-
nosed with ERBB2 mutation in NGS but negative on the
PCR panel, NGS was additionally performed with the same
sample, and G776delinsCV mutation was confirmed. The
PCR panel does not cover this gene, and also it is not identi-
fied in COSMIC.* It is not a functionally validated gene but
may have oncogenic potential. Of the eight samples with a
quality problem, three were obtained more than 2 years ago.
There can be a problem with DNA/RNA degradation
acquired more than 2 years prior.”* The concentration of
five samples was smaller than recommended because of
exhaustion of the tumor part in the sample. NGS is used to
verify the results of RT-PCR and vice-versa.”® The sensitivity
of RT-PCR is higher than that of NGS in detecting target
genes, and the amount of tissue required for RT-PCR is
smaller than that required for NGS. In addition, NGS is a
high-cost test and not suitable as a screening test and takes a
longer time than PCR. The lung cancer PCR panel kit is a
test that can make up for these shortcomings. It costs less
than NGS, and most laboratories have RT-PCR workflow;
therefore, the test is less burdensome and proceeds quickly
despite its high specificity and sensitivity. Therefore, the
PCR panel kit can be performed preferentially in patients
requiring mutation testing. This kit has previously been

validated by Matsumoto et al. It showed a higher success
rate and short turnaround time than NGS.*®

We retrospectively collected cases with rare mutations
from nine centers; nevertheless, the number was still small,
and the follow-up duration was short, so there was a limit to
compare the characteristics of each mutation. In addition, the
PCR panel kit was validated by collecting only the remaining
tissues of the patients who agreed to their secondary use. Con-
sequently, PCR detection was not done for all patients and
some of the tissue qualities were low. Nevertheless, the present
study shows the real-world data of patients with advanced
NSCLC with rare mutations in Korea. Although various
targeted therapies for NSCLC patients with rare mutations are
being studied and approved, only a few of the drugs are actu-
ally used in clinical practice, and most of the patients were
treated with conventional chemotherapy during enrollment.
This is a meaningful study showing the durable benefit of
platinum-based chemotherapy and the importance of develop-
ing novel biomarkers and introducing targeted drugs in
patients with advanced NSCLC and rare mutations.

In conclusion, first-line platinum-based chemotherapy
showed durable benefit in patients with advanced or meta-
static nonsquamous NSCLC harboring rare genetic muta-
tions other than EGFR or ALK.
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