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Prognostic Implication of PD-L1 Expression on Osimertinib
Treatment for EGFR-mutated Non-small Cell Lung Cancer

TOSHIHIRO SHIOZAWA !, TAKESHI NUMATAZ2", TOMOHIRO TAMURA3, TAKEO ENDO?,
TAKAYUKI KABURAGI?, YUSUKE YAMAMOTO?*, HIDEYASU YAMADA?, NORIHIRO KIKUCHI®,
KAZUHITO SAITO’, MASAHARU INAGAKI’, KOICHI KURISHIMAS®, YASUNORI FUNAYAMA®,
KUNIHIKO MIYAZAKI'?: NOBUYUKI KOYAMA!!, KINYA FURUKAWA !2,

HIROYUKI NAKAMURA!2, SHINJI KIKUCHI!3, HIDEO ICHIMURA 13,

YUKIO SATO!3, IKUO SEKINE!4, HIROAKI SATOH!® and NOBUYUKI HIZAWA !

!Department of Respiratory Medicine, Faculty of Medicine, University of Tsukuba, Tsukuba, Japan;
2Division of Respiratory Medicine, Mito Medical Center, Mito, Japan;
JRespiratory Center, Ibaraki Prefectural Central Hospital, Kasama, Japan;
“Division of Respiratory Medicine, Hitachi General Hospital, Hitachi, Japan;
SDivision of Respiratory Medicine, Hitachinaka Medical Center, University of Tsukuba, Hitachinaka, Japan;
SDivision of Respiratory Medicine, Kasumigaura Medical Center, Tsuchiura, Japan;
’Divisions of Respiratory Medicine and Thoracic Surgery, Tsuchiura Kyodo General Hospital, Tsuchiura, Japan;
8Division of Respiratory Medicine, Tsukuba Medical Center Hospital, Tsukuba, Japan;
Division of Respiratory Medicine, Tsukuba Gakuen Hospital, Tsukuba, Japan;
"Division of Respiratory Medicine, Ryugasaki Saiseikai Hospital, Ryugasaki, Japan;
" Department of Respiratory Medicine, Saitama Medical Center, Saitama Medical University, Saitama, Japan;
2Divisions of Respiratory Medicine and Thoracic Surgery,
Tokyo Medical University, Ibaraki Medical Center, Ami, Japan;

I3Department of Thoracic Surgery, Faculty of Medicine, University of Tsukuba, Tsukuba, Japan;
"4Department of Medical Oncology, Faculty of Medicine, University of Tsukuba, Tsukuba, Japan;
I3Division of Respiratory Medicine, Mito Kyodo General Hospital-Mito Medical Center,

University of Tsukuba, Mito, Japan

Abstract. Background/Aim: Real-world data on the clinical
outcomes of first-line osimertinib treatment for non-small
cell lung cancer (NSCLC) with epidermal growth factor
receptor (EGFR) mutations is lacking. This study aimed to
reveal the treatment outcomes and prognostic factors of
osimertinib as first-line therapy in clinical practice settings.
Patients and Methods: We retrospectively evaluated clinical
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outcomes of patients with EGFR-mutated NSCLC treated
with osimertinib as first-line therapy across 12 institutions
in Japan between August 2018 and March 2020. Results:
Among 158 enrolled patients, the objective response rate
(ORR) was 68%, and the estimated median progression-free
survival (PFS) was 17.1 months [95% confidence interval
(Cl)=14.5-19.7]. Subgroup analysis showed that PFS in the
group with high programmed death-ligand 1 (PD-LI)
expression was significantly shorter than that in groups with
low or no PD-LI expression (10.1 vs. 16.1 vs. 19.0 months;
p=0.03). Univariate and multivariate analyses demonstrated
that high PD-LI expression was the only independent
adverse prognostic factor of osimertinib outcome related to
PFES (hazard ratio=2.71; 95%CI=1.26-5.84; p=0.01). In
terms of anti-tumor response, there was no statistically
significant correlation between PD-LI expression and the
ORR (67% vs. 76% vs. 65%; p=0.51). No significant
correlation was also found between PD-LI and the incidence
of de novo resistance to osimertinib (p=0.39). Conclusion:
Although PD-LI expression was not associated with either
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the ORR or frequency of de novo resistance, high PD-LI
expression could be an independent adverse prognostic
factor related to PFS in osimertinib treatment.

Molecularly targeted therapies have contributed to an
improvement in the survival of patients with recurrent or
advanced non-small cell lung cancer (NSCLC) harboring
driver oncogenes. Mutations in the epidermal growth factor
receptor (EGFR), which is a driver oncogene in NSCLC, lead
to tumorigenesis and tumor growth via the activated EGFR
signaling pathway (1). Previous phase III studies demonstrated
that EGFR tyrosine kinase inhibitors (EGFR-TKIs) as first-
line therapy for EGFR-mutated NSCLC had better outcomes
than a platinum-based regimen in terms of both progression-
free survival (PFS) and objective response rate (ORR) (2-4).
EGFR-TKIs are thus the current standard first-line agents for
treating patients with EGFR-mutated advanced NSCLC.

First- to third-generation EGFR-TKIs are available in
clinical practice. Of these, osimertinib, categorized as a third-
generation EGFR-TKI, has irreversible anti-tumor activity
against both EGFR-sensitizing and EGFR-resistant T790M
mutations. In the global phase III FLAURA trial involving
patients with untreated EGFR-mutated recurrent or advanced
NSCLC, osimertinib prolonged PFS and overall survival (OS)
compared with the standard of care achieved by first-
generation EGFR-TKIs (5, 6). Thus, osimertinib is regarded as
the most recommended first-line agent in these patients (7).

In clinical practice, osimertinib is indicated for a
heterogeneous population, including patients with decreased
performance status, symptomatic brain or leptomeningeal
metastases, and uncommon mutations. However, as per the
criteria of FLAURA trials, these patient groups are ineligible
for osimertinib treatment. This discrepancy in recommendations
suggests that there is a data gap regarding treatment outcomes
between the results of the FLAURA trial and those noted in
current clinical practice. Therefore, in addition to pivotal clinical
trial data, it is important to collect and analyze post-marketing
clinical data. Although the use of osimertinib as a first-line
agent has increased since its approval, data regarding outcomes
and prognostic factors with this treatment in clinical practice are
still lacking.

To bridge this knowledge gap, we conducted this multi-
institutional, retrospective, observational study to evaluate
the treatment outcomes and prognostic factors of first-line
osimertinib for treatment of patients with recurrent or
advanced EGFR-mutated NSCLC.

Patients and Methods

Data collection. Twelve institutions in Ibaraki Prefecture, Japan
participated in this study. We enrolled patients with recurrent or
advanced NSCLC with EGFR mutations who received osimertinib
as a first-line agent between August 2018 and March 2020. The data
cut-off was May 31, 2020.
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The following clinical data were collected: age, sex, smoking
status (current, former, or never), Eastern Cooperative Oncology
Group performance status (PS), stage at diagnosis according to the
TNM Classification of Malignant Tumors (eighth edition),
histology, type of EGFR mutation, presence of central nervous
system (CNS) metastasis, and programmed death-ligand 1 (PD-L1)
expression status using immunohistochemistry. Based on previous
studies, PD-L1 expression was classified as none, low, and high if
the tumor percentage score (TPS) of PD-L1 was <1%, 1%-49%, and
> 50%, respectively (8, 9).

Statistical analysis. The endpoints in this study were the efficacy
outcomes. The radiological anti-tumor response was evaluated based
on the Response Evaluation Criteria in Solid Tumors (version 1.0.10).
The ORR was defined as the proportion of patients who achieved
anti-tumor response with complete response (CR) or partial response
(PR). The disease control rate (DCR) was defined as the ORR plus
the proportion of patients achieving stable disease (SD).

The definition of de novo resistance was based on a previous
report as those whose best overall response was PD or whose PFS
was less than 6 months (10). PFS was defined as the duration from
the initiation of osimertinib treatment to disease progression or
death from any cause. OS was defined as the duration from the
initiation of osimertinib treatment to death from any cause. If death
did not occur at the cut-off date, patients were censored. If patients
were lost during the observation period, they were censored on the
last day of confirmed survival. Clinical evaluations of PFS and OS
were conducted using the Kaplan—-Meier method. The log-rank test
was used to compare two different survival curves. A Cox
regression model was applied to examine prognostic factors related
to survival. Univariate and multivariate hazard ratios (HRs) were
reported with 95% confidence intervals (Cls). Statistical analysis
was performed using IBM SPSS Statistics for Windows (version
24.0; IBM Corp., Armonk, NY, USA). All tests were two-sided and
judged statistically significant if the calculated p-values were <0.05.

Ethical approval. This study was initiated after the study protocol
was approved by the institutional review board of all institutions
(approval number in Tsukuba University Hospital: R01-385). This
retrospective observational study was conducted in compliance with
the Helsinki Declaration. Individual patient data were anonymized
prior to enrollment.

Informed consent was waived because the present study was a
retrospective, observational research. Opt-out was done on the
website of each institution.

Results

Patient characteristics. Among 161 patients initially enrolled,
three were excluded from the analysis owing to the lack of
data, resulting in a total of 158 eligible patients for the current
study. Table I shows the patient characteristics. The median
age was 73 years (range=39-93 years). Females accounted for
58% of the sample population, and adenocarcinoma was
present in 95% of all cases. The proportions of EGFR
mutation subtypes were 52% exonl9 deletion, 43% exon21
L858R point mutation, and 5% uncommon mutation. Forty-
five patients (28%) had CNS metastases at the time of
diagnosis. The TPS of PD-L1 was none, low, and high in 60
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Table 1. Patient characteristics.

N=158

Age (years) 73 (39-93)
Sex

Male 66

Female 92
Smoking status

Never 83

Former or current 74

Unknown 1
PS

0/1/2/3/4/unknown 50/79/18/7/2/2
Clinical stage

3/4/recurrent/other 15/120/22/1
Histology

Adenocarcinoma 150

Squamous cell carcinoma 5

Other 3
EGFR mutation

Exon 19 del 82

L858R 68

Uncommon 8
CNS metastasis

Yes 45

No 113
PD-L1 expression

None 60

Low 41

High 27

Unknown 30

PS: Performance status; EGFR: epidermal growth factor receptor; CNS:
central nervous system; PD-L1: programmed death-ligand 1.

(38%), 41 (26%), and 27 (17%) patients, respectively. The
remaining 30 patients (19%) had unknown TPS.

Survival. The median follow-up period of the present study
was 12.5 months. The estimated median PFS was 17.1
months (95%CI=14.5-19.7). OS did not reach the median.
We examined the outcomes of osimertinib therapy
according to patient subgroups of age, sex, smoking status,
PS, stage, mutation subtype, CNS metastases, and TPS. No
significant difference in PFS was observed with respect to
age (<70 vs. =70 years, Figure 1A), sex (male vs. female,
Figure 1B), smoking status (never vs. current or former,
Figure 1C), PS (0-1 vs. 2-4, Figure 1D), stage (III or
recurrent vs. IV, Figure 1E), mutation subtype (Exon 19 del
vs. L858R vs. uncommon, Figure 1F), and CNS metastasis
(present vs. absent Figure 1G). However, the high TPS group
had a significantly poorer PFS of 10.1 months compared
with the low and no TPS groups that had a PFS of 16.1 and
19.0 months, respectively (log-rank p=0.03, Figure 1H).
Next, we performed univariate and multivariate analyses
to evaluate prognostic factors associated with PFS. Among

collected patient characteristics, we selected the eight factors
mentioned above. As shown in Table II, only high TPS was
found to be a statistically significant adverse prognostic
factor related to PFS (HR=2.71; 95%CI=1.26-5.84; p=0.01).

Anti-tumor response. At the cut-off date, a response
assessment was obtained for 140 patients. The best overall
responses to osimertinib in the overall population included a
CR of 3% (n=6), PR of 65% (n=102), SD of 14% (n=22),
and PD of 6% (n=10), with an ORR of 68% and a DCR of
82%. We further compared best overall responses to
osimertinib focusing on PD-L1 expression (Figure 2). There
was no statistically significant difference in the ORR among
the high, low, and no TPS groups (67%, 76%, and 65%,
respectively; p=0.51, Figure 2A). DCR was also similar
among the high, low, and no TPS groups (81%, 88%, and
80%, respectively; p=0.57, Figure 2B).

De novo resistance to osimertinib. We further evaluated the
relationship between PD-L1 expression and the incidence of de
novo resistance. We excluded cases whose best overall
response was not evaluable and whose information regarding
PD-L1 expression was not obtained; as a result, 114 cases were
included. As shown in Table III, there was no statistically
significant correlation between PD-L1 expression and the
incidence of de novo resistance to osimertinib (p=0.39).

Discussion

The present study investigated the clinical outcomes and
prognostic factors of osimertinib as a first-line treatment for
advanced or recurrent NSCLC harboring EGFR mutations in
a clinical practice setting. The results showed that the efficacy
of osimertinib in the overall population was favorable, similar
to that in the FLAURA trial. Although there was no
statistically significant difference in the ORR and the
incidence of de novo resistance among the high, low, and no
TPS groups, the PFS of osimertinib in the high TPS group was
inferior to that in the low or no TPS groups. Furthermore,
univariate and multivariate analyses showed that high PD-L1
expression was an independent adverse prognostic factor
associated with PFS in osimertinib treatment.

Compared to the FLAURA study, there were several
differences in baseline patient characteristics in the present
study. Specifically, in our study, there were more elderly
patients and a higher frequency of decreased PS and
presence of CNS metastases, while there was a lower
frequency of never smokers. Racial differences were also
observed. Some clinical factors, such as decreased PS and
the presence of CNS metastasis, are poor prognostic factors
for advanced NSCLC. Therefore, we conducted a subgroup
analysis to evaluate whether these clinical factors affected
the efficacy of osimertinib. The results showed that factors
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Figure 1. Progression-free survival according to age (A), sex (B), smoking status (C), PS (D), stage (E), mutation subtype (F), CNS metastasis (G),
and PD-LI expression levels (H). PS: Performance status; CNS: central nervous system; PD-LI: programmed death-ligand 1; CI: confidence
interval; NR: not reached.
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Table II. Univariate and multivariate analyses of factors related to PFS.

Univariate Multivariate

Variables HR 95%CI p-Value HR 95%CI p-Value
Age

<70 years ref ref

=70 years 0.73 (0.37-1.44) 0.36 1.00 (0.47-2.11) 0.99
Sex

Male ref ref

Female 1.56 (0.79-3.50) 0.20 1.58 (0.064-3.84) 0.32
Smoking

Never ref ref

Current/former 1.06 (0.54-2.07) 0.87 0.98 (0.39-2.45) 0.96
Ps

0-1 ref ref

2-4 1.48 (0.57-3.85) 041 1.67 (0.60-4.63) 0.32
Stage

III or recurrent ref ref

v 0.66 (0.33-1.32) 0.24 0.40 (0.13-1.21) 0.10
Mutation type

Exon 19 del ref ref

L858r 141 (0.62-3.11) 0.42 1.97 (0.86-4.50) 0.10
CNS metastasis

Absent ref ref

Present 1.18 (0.57-2.43) 0.65 1.20 (0.53-2.68) 0.66
TPS

None or low ref ref

High 2.37 (1.16-4.83) 0.02 2.71 (1.26-5.84) 0.01

PFS: Progression-free survival; HR: hazard ratio; CI: confidence interval; PS: performance status; CNS: central nervous system TPS: tumor

proportion score; ref: reference.

other than TPS did not affect the outcome (PFS) of
osimertinib treatment. A previous phase II trial showed that
osimertinib treatment provides a clinical benefit for patients
with EGFR T790M-mutated NSCLC whose PS score has
declined to 2-4 (11). In the FLAURA study, osimertinib
resulted in significantly longer survival than the standard of
care with first-generation EGFR-TKIs, even in patients who
had CNS metastases at diagnosis (12). Together with these
previous reports, the present study indicates that osimertinib
could be administered to such patients in clinical practice.
In the present study, the estimated median PFS of osimertinib
in the high TPS group was 10.1 months (95%CI=7.3-13.0),
which was significantly shorter than that in the low or no TPS
groups. Additionally, the present study showed that high TPS
was an independent adverse factor associated with the PFS of
osimertinib treatment. The subset analysis from the FLAURA
trial examined the clinical outcomes of osimertinib, focusing on
PD-L1 expression (13). Although the PES of osimertinib was
comparable in both PD-L1 positive and negative groups, the
threshold for PD-L1 expression in the tumor cells (TCs) was set
at 1%. Additionally, evaluation for TC=50% of the population
was lacking in a few cases (n=7). A recent study with 71
patients who received first-line osimertinib revealed that

patients with high PD-L1 expression had poorer PES than those
with low or negative PD-L1 (median PFS, 5.0 vs. 17.4 months,
p<0.001) (14). The present study demonstrated results similar
to that study in a larger sample size.

The present study suggested that the patients with high
TPS had a higher risk of acquired resistance to osimertinib,
because there was no statistically significant difference in the
incidence of de novo resistance between the group with high
TPS and the other two groups, despite of the inferior PFS in
the group with high TPS. Accordingly, physicians should be
aware of the acquired resistance to osimertinib for patients
with high PD-L1 expression, even though they initially had
favorable anti-tumor response. There was a discrepancy in the
anti-tumor response and de novo resistance rate between the
previous and present studies. Previous studies reported that
patients with high PD-L1 expression had lower ORR and
more frequent de novo resistance to EGFR-TKIs compared
with the group with low or no PD-L1 expression (14, 15). It
remains controversial whether increased PD-L1 expression
contributed to primary or acquired resistance to osimertinib
treatment. One speculation to the result of the present study
is the association between Yes-associated protein (YAP)
activity and PD-L1 expression on the EGFR signaling
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Figure 2. Best overall response according to tumor proportion score
(TPS). Objective response rate stratified by TPS (A) and disease control
rate stratified by TPS (B). CR: Complete response; PR: partial
response; SD: stable disease.

pathway. Positive association was reported between EGFR
pathway activation and PD-L1 expression in EGFR-mutated
NSCLC (16). Specifically, the activated EGFR signaling
pathway increased PD-L1 expression via IL-6/JAK/STAT3,
or p-ERK1/2/p-c-JUN signaling pathway. Previous studies
also reported that PD-L1 expression was decreased due to the
blockade of the EGFR signaling pathway by EGFR-TKI
administration (17-19). Recent studies reported that YAP,
known to be associated with acquired resistance to EGFR-
TKI therapy, had an important role as a regulator of PD-L1
expression (20-22). Accordingly, in patients with high PD-L1
expression, down-regulation of PD-L1 by osimertinib
administration might lead to YAP-1 activation, resulting in
the induction of acquired resistance to osimertinib treatment.
Resistance to osimertinib is a current unmet need in EGFR-
mutant NSCLC, and the development of novel therapeutic
strategy to overcome it is under investigation (23). Further
basic research to reveal the molecular mechanism of the
correlation between response to osimertinib and PD-L1
expression and clinical validation with a large cohort are
warranted.
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Table III. Relationship between PD-LI1 expression and de-novo
resistance to osimertinib.

TPS
N None Low High p-value
De novo 15 5 (33%) 5 (33%) 5 (33%)
Non-de novo 99 19 (19%) 33 (33%) 47 (48%) 0.39

PD-L1: Programmed death-ligand 1; TPS: tumor proportion score.

This study had some limitations. First, there was a bias
originating from the study’s retrospective nature. Second, OS
was not reached owing to the short observation period.
Third, information regarding TPS was not obtained in
approximately 20% of the participants. Finally, the current
study included only Japanese patients; hence, ethnic
differences may affect the results.

In conclusion, the present study provided clinically
relevant data on the outcomes of first-line osimertinib for
advanced or recurrent NSCLC with EGFR mutations. The
favorable efficacy of osimertinib in this study was similar
to that observed in the FLAURA trial. High TPS could be
an independent adverse prognostic factor for PFS in
osimertinib therapy, though the ORR and incidence of de
novo resistance were similar regardless of PD-L1
expression. For patients with EGFR-mutated advanced
NSCLC with high PD-L1 expression, physicians should be
aware of the risk of acquired resistance to osimertinib, even
though osimertinib initially showed favorable anti-tumor
response.
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