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ABSTRACT

Introduction: EGFR exon 20 insertion (ex20ins) mutations
account for approximately 10% of EGFR mutations in lung
adenocarcinoma. Patients with ex20ins mutation do not
respond to standard EGFR tyrosine kinase inhibitor therapy.
In this work, we analyzed the characteristics, treatment
patterns, and outcomes in this subgroup of patients with
NSCLC.

Methods: The American Society of Clinical Oncology Can-
cerLinQ Discovery data set was queried to identify patients
with initial diagnosis of NSCLC between the years 1995 and
2018 and with EGFR ex20ins mutations. Data were
extracted on patient demographics, tumor characteristics,
treatments, and outcomes, and compared using chi-square
and analysis of variance. Kaplan-Meier curves were gener-
ated to compare overall survival with log-rank tests. All
analyses were performed using Python 3.6 (Python Soft-
ware Foundation).

Results: A total of 357 patients were eligible. Patient
characteristics include a median age of 68 years comprising
female sex of 54%, White race of 63%, and Black race of
9%. Approximately 62% of total patients had stage 4 dis-
ease, and 30% of all patients had brain metastasis. There
were 54% of patients who were treated with chemotherapy
and 15% with immune checkpoint inhibitors (ICIs). In pa-
tients with brain metastasis, 16% were treated with ICI,
18% with targeted therapy, and 59% with chemotherapy.
The median survival of the entire group was 23.8 months.

Among patients with stage 4 disease (n = 222): 51% were
women, 64% were white, 37% had brain metastasis, 18%
were treated with ICI, 14% had targeted therapy, and 60%
were treated with chemotherapy. Stage 4 patients treated
with targeted therapy had better survival compared with
those who did not receive targeted therapy (20.6 versus
16.1 mo, p = 0.02). Univariate and multivariate analyses
suggested favorable outcomes for patients treated with
immunotherapy.

Conclusions: EGFR ex20ins mutation represents a unique
subset of NSCLC; it is associated with a higher propensity
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for brain metastases and a relatively modest overall sur-
vival. Novel treatment approaches are urgently needed to
improve patient outcomes.

© 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Mortality related to lung cancer has started to decline
in the United States.” This has been attributed to several
factors including improvements in therapeutic options.
Personalized therapy approaches on the basis of driver
mutation status and programmed death-ligand 1
expression is routinely used for the treatment of patients
with stage IV NSCLC, particularly for patients with
adenocarcinoma histologic diagnosis. In lung adenocar-
cinoma, at least nine different targetable molecular ab-
normalities have therapeutic options approved by the
U.S. Food and Drug Administration that provide robust
efficacy results. Mutations in EGFR account for approx-
imately 15% of lung adenocarcinoma in the western
patient population. The most typically occurring EGFR
mutations are exon 19 deletions and exon 21 L858R
substitutions and account for approximately 85% of the
EGFR mutations in NSCLC.” It is well established from
clinical studies that treatment of patients with NSCLC
harboring these common mutations with EGFR tyrosine
kinase inhibitors (TKIs) is associated with improved
outcomes.”™ The approved TKIs, such as erlotinib,
gefitinib, afatinib, dacomitinib, and osimertinib have
been found to be highly effective for the treatment of
patients with NSCLC with EGFR mutations.”””

Exon 20 insertion (ex20ins) is a rare type of mutation
in the EGFR gene located primarily within codon 762 to
codon 774 and accounts for approximately 4% to 10% of
all EGFR mutations in patients with NSCLC.® *° However,
in contrast to the common EGFR mutations, patients
with NSCLC with ex20ins mutations do not respond well
to TKIs.>'°"'* The response rate with first and second-
generation EGFR TKI in this population is less than
10% with a median survival of only approximately 9
months.'*'® Osimertinib is currently under investigation
in an ongoing clinical trial with initial results revealing a
response rate of approximately 25%.'° In 2021, the U.S.
Food and Drug Administration approved two new ther-
apeutic agents for this patient population; the approval
for both amivantamab and mobocertinib is for patients
who develop disease progression after previous
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platinum-based chemotherapy. It is hoped that the entry
of these new agents into the therapeutic arena will
accelerate the pace of progress for this patient
population.

In this work, the International Association for the
Study of Lung Cancer and American Society of Clinical
Oncology (ASCO) CancerLinQ collaborated to analyze the
characteristics, treatment patterns, and outcomes of
patients with NSCLC harboring EGFR ex20ins mutations
using the ASCO CancerLinQ Discovery (CLQD) data set to
serve as benchmarks before the approval of targeted
therapies and to serve as comparators to measure future
progress. We also studied the potential impact of im-
mune checkpoint inhibitor (ICI) therapy for this patient
subset.

Materials and Methods

Data Source

CancerLinQ, developed in 2014 as a subsidiary of
ASCO, is a nonprofit, big-data, and health technology
platform in cancer. It has followed an electronic health
record-agnostic approach to provide a harmonized data
repository with structured and unstructured data
captured from participating oncology organizations and
practices. By March 2020, it included data from 63 or-
ganizations across the United States that use nine
different electronic health record.'” The CLQD was
created as part of an initiative to make deidentified, real-
world data available for research.’® Because the CLQD
database is a secondary source of data, which collected
and included only deidentified data with no patient-
identifiable information, institutional review board
approval and patient consent were not required for this
retrospective analysis.

Study Population

The CLQD data set was queried to identify patients
with initial diagnosis of NSCLC between the years 1995
and 2018. Deidentified patient information was
abstracted from the data files for this work. All patients
that harbored EGFR ex20ins mutation were included in
this analysis.

Study Variables

Patient information related to demographic data
including age, sex, race, year of diagnosis, and geographic
location was extracted. Patients of all stages were
included in this work and grouped into three cohorts on
the basis of American Joint Committee on Cancer staging
system (stage I versus stage II/IlI versus stage 1V). The
treatment variables included in this analysis included
targeted therapy, chemotherapy, and immunotherapy.
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Study Outcomes

Overall survival (0S) was investigated as the primary
outcome in this analysis. Those alive at the last follow-up
were censored. Stage IV patients were analyzed as a
distinct subgroup.

Statistical Analysis

Statistical analysis was conducted using Python version
3.6 (Python Software Foundation). Descriptive statistics
for the overall population and the stage IV group were
reported. Differences between groups were assessed using
the chi-square test for categorical covariates and analysis
of variance for numerical covariates. The univariate asso-
ciation of each covariate with OS was assessed using Cox
proportional hazards models and log-rank tests followed
by multivariate analyses of the covariates in the entire
patient group and the stage 4 group. Kaplan-Meier plots
were produced to compare the survival curves by treat-
ment subgroups along with log-rank p value. Statistical
significance was assessed at the 0.05 level, and all tests
were two-sided unless otherwise noted.

Results

Patient Characteristics

A total of 357 patients with EGFR ex20ins were
identified, with most of the patients diagnosed in 2005
and later. Patient characteristics are outlined in Table 1.
The median age of the group is 68 years with 54% being
women. The White race comprised 63% of the group.
Approximately 62% of total patients had stage 4 disease,
and 30% of all patients had brain metastasis.

Treatment Patterns

Approximately 54% of the patients were treated with
chemotherapy, 15% with ICIs (pembrolizumab, nivolu-
mab, atezolizumab, durvalumab), and 12% with targeted
therapy (erlotinib, gefitinib, afatinib, osimertinib).
Approximately 24% of the patients underwent surgery.
Of the patients who received checkpoint inhibitors,
nearly 90% also received chemotherapy. Targeted ther-
apy was administered to about 6% of the patients who
received checkpoint inhibitors. In the patient group with
brain metastases, 59% received chemotherapy; 16%
were treated with checkpoint inhibitors, and 18% with
targeted therapy.

Overall Survival

The median survival for the entire group is 23.8
months. The univariate analysis for OS revealed patients
treated with ICI, chemotherapy, and targeted therapy
were associated with a numerically lower risk of death
compared with those not treated (Table 2) and surgery
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Table 1. Patient Demographics

n (%),
Variable Name Level N = 357
Sex Female 191 (53.5)
Male 166 (46.5)
Race White 225 (63.0)
Unknown 52 (14.6)
Other Race 36 (10.1)
Black or African 32 (9.0)
American
Asian 11 (3.1)
American Indian or 1(0.3)
Alaska Native
Ethnicity Not Hispanic or Latino 287 (80.4)
Unknown 63 (17.6)
Hispanic or Latino 7 (2.0)
U.S. Region South Region 136 (38.1)
Midwest Region 104 (29.1)
Northeast Region 72 (20.2)
Unknown 45 (12.6)
Death Yes 243 (68.1)
No 114 (31.9)
Immune checkpoint Yes 52 (14.6)
inhibitor
No 305 (85.4)
Chemotherapy Yes 192 (53.8)
No 165 (46.2)
Brain metastasis Yes 107 (30.0)
No 250 (70.0)
Targeted therapy Yes 43 (12.0)
No 314 (88.0)
Surgery Yes 85 (23.8)
No 272 (76.2)
Stage group 4 222 (62.2)
3 72 (20.2)
1 24 (6.7)
2 21 (5.9)
Unknown 18 (5.0)
Age Mean 67.8
Median 68
Minimum 27
Maximum 93
Std 10.9
Missing 0
Follow-up time (mo) Mean 25.4
Median 18.1
Minimum 0.4
Maximum 184.8
Std 27.4
Missing 0.0

Std, standard deviation.

being associated with significantly improved survival
(hazard ratio [HR] = 0.54, 95% confidence interval [CI]:
0.42-0.69, p < 0.001). These results are further
confirmed with multivariable analysis of 0S. On multi-
variable analysis of OS (Table 3), the female sex was
associated with a higher risk of death compared with
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Table 2. Univariable Analysis for Overall Survival

Covariate Level n HR (95% CI) HR p Value

ICI Yes 52 0.76 (0.57-1.02) 0.067
No 305 REF

Chemotherapy Yes 192 0.46 (0.17-1.20) 0.114
No 165 REF

Brain metastasis Yes 107 1.19 (0.95-1.50) 0.133
No 250 REF

Targeted therapy Yes 43 0.75 (0.55-1.04) 0.082
No 314 REF

Surgery Yes 85 0.54 (0.42-0.69) <0.001
No 272 REF

Sex Female 191 1.48 (1.20-1.83) <0.001
Male 166 REF

Race American Indian or Alaska Native 1 6.10 (0.84-44.2) 0.073
Asian 11 0.86 (0.47-1.58) 0.625
Black or African American 32 0.85 (0.59-1.24) 0.406
Other Race 36 1.04 (0.73-1.48) 0.828
Unknown 52 0.84 (0.62-1.14) 0.269
White 225 REF

Ethnicity Hispanic or Latino 7 0.69 (0.33-1.47) 0.342
Unknown 63 0.88 (0.67-1.16) 0.376
Not Hispanic or Latino 287 REF

Region Unknown 45 0.91 (0.65-1.27) 0.572
Northeast Region 72 1.08 (0.81-1.44) 0.592
Midwest Region 104 0.86 (0.67-1.11) 0.257
South Region 136 REF

Stage 3 72 0.68 (0.52-0.88) 0.004
2 21 0.42 (0.27-0.67) <0.001
1 24 0.43 (0.28-0.66) <0.001
Unknown 18 0.63 (0.39-1.02) 0.061
4 222 REF

Bold p-value: statistically significant.

Cl, confidence interval; HR, hazard ratio; ICl, immune checkpoint inhibitor; REF, reference.

male sex (HR = 1.47, 95% CI: 1.18-1.84, p < 0.001).
Black race was associated with a significantly lower risk
of death compared with White race (0.62 , 95% CI: 0.42-
091, p < 0.016). Patients treated with either ICI,
chemotherapy, or targeted therapy exhibited favorable
survival.

Analysis of Stage IV Patients

Among patients with stage 4 disease: 51% were
women, 64% were white, and 37% had brain metastasis.
Approximately 18% of stage 4 patients were treated
with ICI, 14% received targeted therapy and 60% were
treated with chemotherapy. For stage 4 patients, the
median survival was 16.8 months. On Kaplan-Meier
analysis, stage 4 patients who received ICIs had signifi-
cantly better survival versus those who did not (median
0S 29.1 versus 14.7 mo, p = 0.01) (Fig. 1). Stage 4 pa-
tients treated with ICI and chemotherapy had better

survival compared with those treated with chemo-
therapy alone (median OS 29.1 versus 16.5 mo, p = 0.05)
(Fig. 2). Stage 4 patients treated with targeted therapy
had better survival compared with those who did not
receive targeted therapy (median OS 20.6 versus 16.1
mo, p = 0.02) (Fig. 3).

On univariate analysis of survival for stage 4 patients,
no statistically significant differences were seen on the
basis of treatment received (Table 4). However, on
multivariable analysis (Table 5), patients receiving ICI
(HR = 0.65, 95% CI: 0.45-0.95, p = 0.026) and patients
receiving targeted therapy (HR = 0.40, 95% CI: 0.24-
0.65, p < 0.001) exhibited improved survival compared
with those that did not receive these treatments.

Discussion
The discovery of EGFR mutation in lung adenocarci-
noma and subsequent progress in drug development has
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Table 3. Multivariable Analysis for Overall Survival

Covariate Level n HR (95% CI) HR p Value

ICI Yes 52 0.67 (0.49-0.93) 0.018
No 305 REF

Chemotherapy Yes 192 0.59 (0.45-0.77) <0.001
No 165 REF

Brain metastasis Yes 107 1.16 (0.91-1.48) 0.233
No 250 REF

Targeted therapy Yes 43 0.52 (0.36-0.74) <0.001
No 314 REF

Surgery Yes 85 0.56 (0.43-0.74) <0.001
No 272 REF

Sex Female 191 1.47 (1.18-1.84) <0.001
Male 166 REF

Race American Indian or Alaska Native 1 8.34 (1.09-64.14) 0.040
Asian 11 1.09 (0.53-2.21) 0.819
Black 32 0.62 (0.42-0.91) 0.016
Other race 36 1.41 (0.92-2.16) 0.114
Unknown 52 0.84 (0.54-1.29) 0.422
White 225 REF

Ethnicity Hispanic or Latino 7 0.85 (0.37-1.94) 0.692
Unknown 63 1.08 (0.77-1.54) 0.672
Not Hispanic or Latino 287 REF

U.S. Region Unknown 45 0.78 (0.50-1.23) 0.289
Northeast region 72 1.10 (0.81-1.49) 0.556
Midwest region 104 0.62 (0.46-0.85) 0.003
South Region 136 REF

Stage 3 72 0.61 (0.47-0.81) <0.001
2 21 0.45 (0.27-0.75) 0.002
1 24 0.29 (0.18-0.47) <0.001
Unknown 18 0.53 (0.32-0.89) 0.016
4 222 REF

Cl, confidence interval; HR, hazard ratio; ICl, immune checkpoint inhibitor; REF, reference.

resulted in improved survival for a subset of patients
with stage 4 disease. However, robust therapeutic ben-
efits were limited to patients with the common EGFR-
activating mutations. Patients with EGFR ex20ins

represent a distinct subset of lung adenocarcinoma that
does not respond to standard TKIls; this has been
attributed to the restricted size of the adenosine
triphosphate-binding pocket."” Until recently, platinum-
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0 10 20 30 40 50 680
il timeline
Atrisk 39 34 21 12 8 4 3
Censored 0 0 5 8 12 12 13
Events 0 5 13 19 19 23 23
No ICI
At risk 183 107 52 27 15 13 10
Censored 0 0 23 33 38 39 39
Events 0 76 108 123 130 131 134
Median survival Logrank test P-
Stage group Level N time(month) value
ICI (ICl only or
combined with
stage 4 chemotherapy) 39 29.0(19.3,44.3) <0.005
No ICI 183 14.6(10.1,18.4)

Figure 1. Stage 4 patients treated with ICI versus no ICI. ICl, immune checkpoint inhibitors.
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Stage group Level N Median survival time(month) Logrank test P-value
stage 4 Chemotherapy only 98 16.5(10.1,20.3) 0.01
ICI+Chemotherapy 36 29.1(16.3,44.3)

Figure 2. Stage 4 patients treated with ICI plus Chemo versus Chemo only. Chemo, chemotherapy; ICl, immune checkpoint

inhibitors.

based chemotherapy has remained the mainstay of
treatment for this patient subset. The role of ICI for this
patient population has not been sufficiently delineated
and several novel TKIs specific to ex20ins are currently
under development.

Our analysis of the ASCO CancerLinQ database pro-
vides interesting insights into the overall outcomes for
the EGFR ex20ins patient population and outcomes with
various systemic therapy outcomes. The overall median
survival for stage 4 patients at approximately 16 months
is much lower than the outcomes reported for the com-
mon EGFR mutation and other driver mutations such as
ALK gene rearrangement.”””" Because these data were
obtained at a period during which amivantamab and
mobocertinib were not available, they could serve as a
benchmark to measure future progress with novel

approaches. Another observation is the proportion of
patients with brain metastasis in patients with EGFR
ex20ins-mutated patients is higher than that in patients
without driver mutations and comparable to those in
patients with common EGFR mutation. We also found
intriguing observations related to the role of ICI, which is
in contrast with previous reports. In patients with the
common EGFR mutation, the role of ICI has been disap-
pointing with a response rate less than 5%.”” Conse-
quently, checkpoint inhibitors are not recommended as
monotherapy even in the post-TKI acquired resistance
setting. However, post hoc analysis of the IMPower 150
study suggested potential benefits for the combination of
chemotherapy, bevacizumab and atezolizumab in the
EGFR-mutated patient population.”® A recent trial of
nivolumab in combination with chemotherapy failed to

10 m

—— Targeted therapy

0.8 1 No targeted therapy
0.6 1
04 A
0.2
T T T T T T
] 10 20 30 40 50 B0
Targeted therapy Bmeling
Atrisk 30 24 15 9 B 4 3
Censored 0 0 1 2 5 6 6
Events 0 3 14 19 19 20 21
No targeted therapy
At risk 192 117 58 30 17 13 10
Censored 0 o 27 39 45 45 45
Events 0 75 107 123 130 134 136
Stage group Level N Median survival time(month) Logrank test P-value
stage 4 Targeted therapy 30 20.6(16.8,43.3) 0.03
No targeted therapy 192 16.1(11.2,19.3)

Figure 3. Stage 4 patients treated with targeted therapy.
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Table 4. Univariate Analysis for Overall Survival in Stage 4 Patients

Covariate Level n HR (95% CI) HR p Value

ICI Yes 39 0.78 (0.55-1.11) 0.163
No 183 REF

Chemotherapy Yes 134 1.28 (0.39-4.21) 0.682
No 88 REF

Brain metastasis Yes 81 0.89 (0.68-1.17) 0.410
No 141 REF

Targeted therapy Yes 30 1.05 (0.71-1.54) 0.816
No 192 REF

Surgery Yes 33 1.06 (0.73-1.53) 0.771
No 189 REF

Sex Female 114 1 (0.77-1.3) 0.982
Male 108 REF

Race American Indian or Alaska Native 1 6.54 (0.89-48.02) 0.065
Asian 6 2.02 (0.89-4.61) 0.094
Black or African American 20 1.23 (0.77-1.97) 0.391
Other Race 24 0.97 (0.63-1.5) 0.889
Unknown 30 0.86 (0.58-1.29) 0.473
White 141 REF

Ethnicity Hispanic or Latino 5 0.54 (0.22-1.32) 0.178
Unknown 38 1.09 (0.76-1.54) 0.646
Not Hispanic or Latino 179 REF

Region Unknown 25 1.14 (0.73-1.78) 0.570
Northeast Region 39 1.37 (0.94-2) 0.103
Midwest Region 66 1.4 (1.01-1.92) 0.040
South Region 92 REF

Cl, confidence interval; HR, hazard ratio; ICl, immune checkpoint inhibitor; REF, reference.

Table 5. Multivariable Analysis for Overall Survival in Stage 4 Patients

Covariate Level n HR (95% ClI) HR p Value

ICI Yes 39 0.65 (0.45-0.95) 0.026
No 183 REF

Chemotherapy Yes 134 0.54 (0.38-0.76) <0.001
No 88 REF

Brain metastasis Yes 81 1.15 (0.85-1.56) 0.351
No 141 REF

Targeted therapy Yes 30 0.40 (0.24-0.65) <0.001
No 192 REF

Surgery Yes 33 0.52 (0.35-0.78) 0.001
No 189 REF

Sex Female 114 1.46 (1.09-1.95) 0.012
Male 108 REF

Race American Indian or Alaska Native 1 6.53 (0.82-52.11) 0.076
Asian 6 0.98 (0.38-2.52) 0.973
Black or African American 20 0.55 (0.34-0.92) 0.021
Other race 24 1.14 (0.66-1.98) 0.632
Unknown 30 0.75 (0.43-1.29) 0.292
White 141 REF

Ethnicity Hispanic or Latino 5 1.28 (0.43-3.80) 0.659
Unknown 38 1.31 (0.84-2.07) 0.238
Not Hispanic or Latino 179 REF

Region Unknown 25 0.75 (0.42-1.32) 0.320
Northeast region 39 1.09 (0.72-1.64) 0.697
Midwest region 66 0.66 (0.43-0.99) 0.046
South region 92 REF

Cl, confidence interval; HR, hazard ratio; ICl, immune checkpoint inhibitor; REF, reference.
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exhibit improved outcomes over chemotherapy alone for
patients with EGFR mutation.”* Our analysis noted a
favorable effect with the combination of immunotherapy
with chemotherapy for patients with EGFR ex20ins.
However, our results could be strongly biased by patient
selection. It is entirely possible that patients with more
indolent disease received more lines of therapy that
included immunotherapy compared with those with
aggressive disease biology.

The finding related to improved outcomes with the
targeted therapies used for the patient population in this
database is relatively modest and consistent with pre-
vious reports; a recent study by ECOG-ACRIN (EA5162)
and the POSITION20 trial found modest anticancer ac-
tivity with osimertinib.”>*® This trial is now being
expanded to include more patients to substantiate the
early findings. A number of newer targeted therapies
specific to ex20ins have noted a higher response rate of
nearly 40% with acceptable tolerability profiles. Ami-
vantamab and mobocertinib have noted response rates
of 40% and 25% respectively and are presently in clin-
ical use. However, the median progression-free survival
with these two agents is relatively modest at approxi-
mately 7 months.?”*%

Our analysis is not without limitations; molecular
testing is still underperformed, and it is likely that not all
patients with EGFR ex20ins were captured for the period
included in this analysis. It is also possible that centers
that used targeted testing panels that did not include
EGFR ex20ins would not have detected the mutation. The
database includes retrospectively collected data from the
medical records of multiple facilities in the country and is
limited in the information it provides. As with any post
hoc analysis, we do not know the specific reasons that
guided various treatment choices adopted for patients;
this limits our ability to attribute outcomes to the specific
intervention. Because of these limitations, as with any
real-world data sets, we were unable to perform analyses
at a more granular level for treatment efficacy using many
possible confounding factors. The smaller size of the
cohort and missing information for many patients limited
our ability to analyze for outcomes such as progression-
free survival and response. In addition, this database,
being based in the United States, may not fully describe
the characteristics of this disease in other patient pop-
ulations in the rest of the world. Despite these limitations,
for smaller subsets of lung adenocarcinoma, population-
level data such as from the ASCO CancerLinQ database
may provide the best information to guide research and
patient care. We also note that the number of patients in
the EGFR ex20ins included in this analysis makes this one
of the largest data sets.

In summary, EGFR ex20ins mutation represents a
distinct clinical challenge in patients with NSCLC; novel

JTO Clinical and Research Reports Vol. 5 No. 6

treatment options are urgently needed to improve pa-
tient outcomes.
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