Taniguchi et al. BMC Pulmonary Medicine ~ (2024) 24:407 BMC Pulmona ry Medicine
https://doi.org/10.1186/512890-024-03212-5

Check for
updates

Baseline genetic abnormalities

and effectiveness of osimertinib treatment

in patients with chemotherapy-naive EGFR-
mutated NSCLC based on performance status

Yoshihiko Taniguchi'”, Akihiro Tamiya', Mitsuo Osuga?, Daijiro Harada®, Shun-ichi Isa*, Keiichi Nakamura,
Yasuyuki Mizumori®, Tsutomu Shinohara’, Hidetoshi Yanai, Katsumi Nakatomi®, Masahide Oki'®, Masahide Mori'",
Tomohito Kuwako'?, Koji Yamazaki'®, Atsuhisa Tamura'*, Masahiko Ando'® and Yasuhiro Koh*'®

Abstract

Background/Aim For patients treated with osimertinib as first-line therapy, there have been no studies comparing
both progression-free survival (PFS) and overall survival (OS) according to performance status (PS). Furthermore,

no studies have examined differences in baseline genetic abnormalities between patients with poor and good PS.
Therefore, we aimed to investigate differences in baseline genetic abnormalities and treatment effects between
patients with poor and good PS who received osimertinib as the primary treatment.

Patients and methods This is a secondary analysis of the ELUCIDATOR study, which is a multi-center prospective
observational study in Japan that assessed mechanisms underlying resistance to osimertinib as first-line treatment for
advanced non-small cell lung cancer with epidermal growth factor receptor mutations.

Results There were 153 and 25 patients in the good and poor PS groups, respectively. Multivariate analysis revealed
no significant between-group differences in PFS (hazards ratio [HR]: 0.98, 95% confidence interval [Cl]: 0.52-1.72,
p=0.946). Multivariate analysis of OS revealed that poor PS was a poor prognostic factor (HR: 2.67, 95% Cl: 1.43-4.73,
p=0.003). Regarding baseline genetic abnormalities, there was a significant increase in APC-positive cases (20.0%
vs. 2.2%, p=0.009) and a trend toward more CTNNB1-positive cases in the poor PS group than in the good PS group
(14.3% vs. 2.9%, p=0.062).

Conclusion There was no between-group difference in PFS, although OS was significantly inferior in the poor PS
group. Additionally, there was a significant increase in APC-positive cases and a trend toward more CTNNB1-positive
cases in the poor PS group.
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Introduction

The prevalence of epidermal growth factor receptor
(EGFR) mutations in patients with non-small cell lung
cancer (NSCLC) ranges from approximately 10-30%
[1, 2]. Osimertinib is a third-generation, irreversible,
oral EGFR tyrosine kinase inhibitor (TKI) that selec-
tively inhibits both EGFR-TKI-sensitizing and EGFR
p-Thr790Met (T790M) resistance mutations; further, it
has shown efficacy in patients with NSCLC [3]. Among
patients with treatment-naive advanced EGFR-mutated
NSCLC, osimertinib significantly prolonged overall sur-
vival (OS) compared with a first-generation EGFR-TKI
(4, 5].

However, since existing phase III trials for third-gen-
eration EGFR-TKIs excluded patients with poor per-
formance status (PS) and specific comorbidities, their
results are not directly applicable to real-world settings.
Several studies have indicated that osimertinib could be
beneficial in patients with poor PS and EGFR T790M
mutation-positive NSCLC following the progression
of first- and second-generation EGFR-TKI treatments
[6—8]. Moreover, several studies have evaluated the effec-
tiveness of first-line osimertinib treatment in patients
with poor PS [9-11], with inconsistent findings being
reported. Additionally, no studies have compared both
progression-free survival (PFS) and OS according to PS.

Co-occurring alterations in tumor suppressor genes
(TSGs) affect outcomes among patients with EGFR-
mutated NSCLC. These alterations, including mutations
in tumor protein (TP) 53 and other TSGs, have been
associated with worse outcomes in patients treated with
EGFR-TKIs [12]. Furthermore, no studies have examined
differences in baseline genetic abnormalities between
patients with poor and good PS.

Therefore, this prospective study aimed to assess dif-
ferences in baseline genetic abnormalities and treatment
effects between patients with poor and good PS who
received osimertinib as the primary treatment.

Table 1 Patient characteristics

*P<0.05 Good PS Poor PS P-
(n=153) (n=25) value
Sex: Male - no. (%) 52(34.0) 7(28.0) 0.651
Age (range) 74 (36-91) 76 (55-86) 0435
PS (0/1/2/3) 68/85/0/0 0/0/21/4
Smoking: Yes - no. (%) 65 (42.5) 9 (36.0) 0.663
EGFR (L858R/Del-19) 76/77 7/18 0.053
Brain metastasis: Yes — no. (%) 40 (26.1) 8(32.0) 0.627
Pleural effusion: Yes — no. (%) 63 (41.2) 9(36.0) 0.667
Liver metastasis: Yes — no. (%) 13 (8.5) 4(16.0) 0.266
Bone metastasis: Yes — no. (%) 42 (27.5) 13 (52.0) 0.019*

*P<0.05

PS, performance status; EGFR, epidermal growth factor receptor
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Patients and methods

This study is a secondary analysis of the ELUCIDA-
TOR study, which was a prospective observational study
conducted at multiple centers of the National Hospital
Organization Group in Japan. The ELUCIDATOR study
evaluated resistance-related mutations and alternations
of osimertinib as first-line chemotherapy for advanced
NSCLC harboring EGFR-sensitizing mutations. The eli-
gibility criteria included (i) a definitive diagnosis of non-
squamous NSCLC confirmed through biopsy or cytology,
(ii) the presence of EGFR mutations (exon 19 deletion or
exon 21-point mutation L858R), (iii) osimertinib planned
as first-line chemotherapy, and (iv) ability to provide
blood specimens. Serial plasma samples were collected
at baseline. Progressive disease was assessed according
to the Response Evaluation Criteria in Solid Tumors ver-
sion 1.1. In the present analysis, we used data regarding
patient background, treatment efficacy, survival, baseline
genetic abnormalities, and post-treatment. This study
follows the ethical principles of the Declaration of Hel-
sinki. Written informed consent was obtained from all
patients before the study was performed; in addition, and
the National Hospital Organization Review Board for
Clinical Trial approved this protocol before the start of
the study. This prospective observational study was reg-
istered on December 10, 2018, in the Japanese Register of
Clinical Trials (clinical Trial Number: jJRCTs031180051).

Statistical analyses

Survival curves were estimated using the Kaplan—Meier
method, with between-group comparisons using the log-
rank test. Multivariate analyses were performed using the
Cox proportional hazards model. Between-group differ-
ences in continuous and categorical variables were evalu-
ated using the Wilcoxon rank-sum and Fisher’s exact
tests, respectively. A p-value<0.05 was considered sta-
tistically significant. Statistical analyses were performed
using the JMP statistical software program (14th version,
SAS Institute Inc., Cary, NC) to compare clinical out-
comes according to patient characteristics.

Results

There were 153 and 25 patients in the good (PS 0 and 1)
and poor (PS 2 to 4) PS groups, respectively. There were
no significant between-group differences in sex; age;
smoking history; type of EGFR gene mutation; and pro-
portion of patients with brain metastases, pleural effu-
sion, or liver metastases. Bone metastases were more
common in the poor PS group than in the good PS group
(Table 1).

There was no significant difference in PES between the
good and poor PS groups (19.5, 95% confidence inter-
val [CI] 17.2 to 23.3 months vs. 13.5, 95% CI 5.97 to NE
months, hazards ratio [HR]: 1.09, 95% CI: 0.61-1.82,
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p=0.758). The reasons for discontinuation of treatment
were disease progression (n=11), treatment toxicity
(n=4), and other reasons (n=3) in the poor PS group; and
disease progression (n=74), treatment toxicity (n=26),
and other reasons (n=6) in the good PS group. However,
OS was significantly longer in the good PS group than
in the poor PS group (40.9, 95% CI 32.3 to NE vs. 14.4,
95% CI 9.2 to NE months; HR: 2.51, 95% CI: 1.42-4.22,
p<0.001) (Fig. 1). Multivariate analysis of PFS revealed
that L858R was a poor prognostic factor (HR: 1.59, 95%
confidence interval CI: 1.08-2.35, p=0.019); further, PFS
tended to be shorter in patients with brain (HR: 1.48, 95%
CL 0.96-2.23, p=0.076), liver (HR: 1.88, 95% CIL: 0.97—
3.42, p=0.061), and bone metastases (HR: 1.45, 95% CI:
0.95-2.17, p=0.081); however, there was no significant
between-group difference (HR: 0.98, 95% CI: 0.52-1.72,
p=0.946) (Table 2). Multivariate analysis of OS revealed
that poor PS was a poor prognostic factor (HR: 2.67, 95%
CI: 1.43-4.73, p=0.003); further, OS tended to be shorter
in patients with smoking history (HR: 1.75, 95% CI: 0.96—
3.17, p=0.067) and L858R (HR:1.59, 95% CI: 0.98-2.57,
p=0.060) (Table 3). During the observation period, 76
deaths were identified. Four deaths were treatment-
related: 2 pulmonary embolisms, 1 drug-induced pneu-
monia, and 1 heart failure. The remaining deaths were
tumor related.

The overall response rate was higher in the poor PS
group than in the good PS group (76.0% vs. 53.6%,
p=0.049), with the disease control rates being similar
(88.0% vs. 82.4%, p=0.773).

Regarding genetic abnormalities before osimertinib
treatment, there was a significant increase in APC-posi-
tive cases (20.0% vs. 2.2%, p=0.009) and a trend toward
more CTNNBI1-positive cases (14.3% vs. 2.9%, p=0.062)
in the poor PS group than in the good PS group (Table 4).

Regarding post-treatment with osimertinib therapy,
the proportions of patients who received post-treatment
(28.0% vs. 40.5%), two or more post-treatments (16.0%
vs. 27.5%), platinum-combination chemotherapy (20.0%
vs. 31.4%), and immunotherapy (8.0% vs. 14.4%) were all
lower in the poor PS group than in the good PS group
(Table S1). Comparing the response to post-treatment
in the poor PS and good PS groups, the response rate to
platinum-combination chemotherapy was 29.17% vs. 0%,
and the response rate to ICI was 31.82% vs. 0%.

Discussion

This is the first study to compare both PFS and OS
among patients receiving osimertinib as first-line therapy
between the good and poor PS groups. There was no sig-
nificant between-group difference in PFS; however, OS
was significantly inferior in the poor PS group. Notably,
the response rate was rather favorable in the poor PS
group. Additionally, this was the first study to examine
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Fig. 1 Survival analysis of 178 patients with non-small cell lung carcinoma
treated with osimertinib. (a) Progression-free survival curves of patients
treated with osimertinib stratified according to the PS score. (b) Overall
survival curves of patients treated with osimertinib stratified according to
the PS score. PFS, progression-free survival; OS, overall survival; PS, perfor-
mance status; HR, hazards ratio; Cl, confidence interval

Table 2 Multivariate Cox proportional hazards model analysis of
factors associated with progression-free survival

HR 95% Cl P-value
Sex (Male) 1.20 0.71-2.03 0.498
Age (>75) 1.19 0.81-1.77 0.375
PS(=2) 0.98 0.52-1.72 0.946
Smoking (Yes) 1.12 0.67-1.83 0.671
EGFR (L858R) 1.59 1.08-2.35 0.019*
Brain metastasis 148 0.96-2.23 0.076**
Pleural effusion 1.29 0.87-1.91 0.198
Liver metastasis 1.88 0.97-342 0.061%*
Bone metastasis 145 0.95-2.17 0.081**

*P<0.05, **P<0.10

HR, hazard ratio; Cl, confidence interval; PS, performance status; EGFR,
epidermal growth factor receptor
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Table 3 Multivariate Cox proportional hazards model analysis of
factors associated with overall survival

HR 95% Cl P-value
Sex (Male) 1.31 0.72-2.40 0.382
Age (>75) 142 0.89-2.27 0.138
PS(22) 267 143-4.73 0.003*
Smoking (Yes) 1.75 0.96-3.17 0.067**
EGFR (L858R) 1.59 0.98-2.57 0.060%*
Brain metastasis 1.56 0.92-2.58 0.100
Pleural effusion 1.08 0.66-1.76 0.747
Liver metastasis 142 0.66-2.84 0.354
Bone metastasis 1.40 0.84-2.28 0.195

*P<0.05, **F<0.10

HR, hazard ratio; Cl, confidence interval; PS, performance status; EGFR,
epidermal growth factor receptor

Table 4 Genetic abnormality before osimertinib administration

Good PS PoorPS  P-

(n=153) (n=25) value
TP53 (Yes/No) 56/87 11/13 0.653
EGFR amplification (Yes/No) 56/86 12/12 0.373
MET amplification (Yes/No) 21/122 4/20 0.762
ERBB2 ampilification (Yes/No) 1/142 0/24 1.000
KIT (Yes/No) 2/141 0/24 1.000
MET (Yes/No) 7/136 2/22 0.619
PIK3CA (Yes/No) 6/137 2/22 0323
CTNNB1 (Yes/No) 4/139 3/21 0.062**
APC (Yes/No) 3/139 4/20 0.009*
BRCA (Yes/No) 6/137 0/24 0.595
EGFR Compound mutation (Yes/ 21/119 4/20 0.765

No)
*P<0.05, **P<0.10

PS, performance status; TP, tumor protein; EGFR, epidermal growth factor
receptor; MET, mesenchymal-epithelial transition; APC, adenomatous polyposis
coli

differences in baseline genetic abnormalities before
osimertinib treatment between patients with good and
poor PS. Furthermore, there was a significant increase in
APC-positive cases and a trend toward more CTNNBI1-
positive cases in the poor PS group.

A retrospective study of 61 patients (16 patients with
poor PS) who received first-line osimertinib treatment
reported that poor PS (2-4) negatively impacted PFS;
however, OS was not verified [9]. Moreover, a prospec-
tive observational study on first-line osimertinib therapy
in 16 patients with EGFR-mutated NSCLC who had poor
PS reported that the overall objective response rate and
median PFS were 56.3% and 10.5 months, respectively;
further, the PS score improved in 8 of the 16 patients [10].
Furthermore, a multicenter retrospective study evaluated
patients treated with osimertinib with a PS score of 2—4.
In our study, we observed between-group differences in
OS but not PFS. This suggests that osimertinib can be
used to treat patients with poor PS and that differences in
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OS may have resulted from differences in post-treatment
characteristics.

Among 36 patients with a PS score of 2, the median
PES, 1-year PES, median OS, and 1-year OS were 14.5
months, 65.4%, 18.1 months, and 72.7%, respectively.
Among 20 patients with a PS score of 3—4, the median
PES, 1-year PFS, median OS, and 1-year OS were 3.0
months, 27.1%, 5.0 months, and 46.1%, respectively [11].
In our study, the PFS and OS in the poor PS group were
13.5 and 14.4 months, respectively. The lack of significant
between-group differences in our study could be attrib-
uted to the small sample size; however, this may have
been influenced by the lower post-treatment rate in the
poor PS group.

In patients with EGFR mutation-positive NSCLC,
several genetic abnormalities have been shown to affect
the efficacy of EGFR-TKIs. TP53 mutations, along with
mutations in other TSGs such as RB1, NF1, ARIDI1A,
BRCAL, and PTEN, have been shown to drive poor out-
comes in patients with EGFR/TP53-mutated NSCLC
[12]. Garon et al. identified baseline alterations co-occur-
ring with activating EGFR in 69 genes, most commonly
TP53 (43%), EGFR (other than activating EGFR; 25%),
and PIK3CA (10%). Other genetic alterations included
NF1 (n=30, 7.8%), APC (n=27, 7.0%), BRAF (n=24,
6.2%), CDK6 (n=20, 5.2%), and MET (n=20, 5.2%) [13].
In our study, there was a significant increase in APC-pos-
itive cases and a trend toward more CTNNBI1-positive
cases in the poor PS group. APC mutations, which result
in increased intestinal epithelial cell proliferation and loss
of differentiation, are crucially involved in the oncogen-
esis and progression of colon cancer [14, 15]. Further-
more, methylation of the APC gene promoter has been
found to be higher in lung cancer tissues than in autolo-
gous controls, suggesting its importance in NSCLC car-
cinogenesis [16]. Moreover, APC mutations lead to the
deregulation of the Wnt signaling pathway, promoting
increased cell proliferation and decreased cell differen-
tiation, which can contribute to tumor progression and
metastasis. This disruption can create a more aggressive
tumor phenotype, potentially diminishing the efficacy
of EGFR-TKIs by fostering resistance mechanisms or
by altering the tumor microenvironment [17-19]. How-
ever, there have been no previous reports regarding the
role of APC in EGFR-mutated lung cancer. Aberrant
activation of CTNNB1 contributes to carcinogenesis
and tumor progression. Increased invasive potential of
NSCLC cells in vitro has been reported with CTNNB1
co-mutation in EGFR-mutated lung cancer. This altera-
tion is often detected at advanced stages and is involved
in processes that begin late in tumor progression and
dissemination [20, 21]. In addition, CTNNBI, encoding
beta-catenin, is a key component of the Wnt signaling
pathway. Mutations in CTNNBI lead to the stabilization
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and accumulation of beta-catenin in the cytoplasm and
its subsequent translocation to the nucleus, where it
activates target genes involved in cell proliferation and
survival. This aberrant activation can enhance the inva-
sive and metastatic potential of cancer cells, reducing
the effectiveness of EGFR-TKIs by promoting pathways
that circumvent EGFR inhibition [22-24]. Moreover,
CTNNB1 mutations have been associated with poor
recurrence-free postoperative survival in patients with
EGFR-mutated lung adenocarcinomas [25]. Furthermore,
mutations in PIK3CA and CTNNBI are more common
in advanced-stage tumors than in early-stage tumors,
indicating their functional roles in malignant progression
and metastasis; contrastingly, TP53, RB1, and NKX2-1
alterations appear to occur with comparable frequencies
in early- and advanced-stage tumors [20, 26—29], which
is consistent with our findings.

This study has several limitations. First, this study is a
secondary analysis of a multicenter prospective obser-
vational study that was not designed for this study;
therefore, it may have had insufficient statistical power.
Second, the sample size of the poor PS group was small
and did not allow sufficient comparison with the good
PS group. Third, baseline genetic abnormalities were
not tested in all cases due to an insufficient amount of
ct-DNA.

Conclusion

We observed no significant between-group difference in
PES, although OS was significantly inferior in the poor
PS group. Additionally, there was a significant increase in
APC-positive cases and a trend toward more CTNNBI1-
positive cases in the poor PS group.
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