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Abstract

Background The Graded Prognostic Assessment for lung cancer using molecular markers (Lung-molGPA) has not
been validated for use with Japanese non-small cell lung cancer (NSCLC) patients with brain metastasis (BM) and the
factors impacting survival need to be assessed.

Methods We retrospectively analyzed 294 NSCLC patients who were newly diagnosed with BM between 2013 and
2020 and had received radiotherapy for BM initially at the Hokkaido Cancer Center. We evaluated the effect on the
prognosis of Lung-molGPA items, the expression of PD-L1 (classified as high, low, and no expression), and the treat-
ment history. The main outcome was the survival measured from the day of the diagnosis of BM, and log-rank tests
were performed to evaluate the results.

Results The median overall survival (OS) times for adenocarcinoma by groups of GPA scores (0-1.0, 1.5-2.0, 2.5-3.0,
and 3.5-4.0) were 5.5, 14.8, 28.3, and 39.0 months (p <0.0001), respectively. The median survival times for non-
adenocarcinoma by groups of GPA scores (0-1.0, 1.5-2.0, and 2.5-3.0) were 3.2, 11.0, and 16.0 months (p=0.0011),
respectively. In adenocarcinoma patients with gene mutations, osimertinib significantly improved the outcome
(median OS: 34.2 and 17.6 months with and without osimertinib, respectively (p=0.0164)). There was no significant
difference in the OS between patients who were initially treated with tyrosine-kinase inhibitor for BM and those who
initially received radiotherapy (p=0.5337). In patients tested for PD-L1 expression, the median survival times after the
diagnosis of BM were 5.6, 22.5, and 9.3 months for the high-, low- and no-expression groups (p =0.2198), respectively.
Also, in patients with high PD-L1 expressions, those with ICl had survival (median OS, 8.6 months) than those without
(median OS, 3.6 months).

Conclusions We confirmed that Lung-molGPA successfully classified Japanese NSCLC patients with BM by the prog-
nosis. Osimertinib prolonged survival of EGFR-positive NSCLC patients with BM, and ICl was effective in patients with
high PD-L1 expressions.

*Correspondence:

Hidefumi Aoyama

h-aoyama2019@med.hokudai.ac.jp

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-023-02218-3&domain=pdf

Higaki et al. Radiation Oncology (2023) 18:25

Page 2 of 6

[ Keywords DS-GPA, Lung-molGPA, Brain metastasis, Lung cancer, Retrospective study ]

Background

Symptomatic metastatic brain tumors have been
reported to occur in 8—-10% of all cancer patients, with
lung cancer accounting for half of the primary tumors [1,
2]. The incidence of brain metastases (BM) is on the rise
due to the improvement of overall survival time (OS) in
patients with carcinomas caused by advances in the treat-
ment of malignant tumors and the development of diag-
nostic techniques such as high-field MRI that can detect
microscopic lesions [3]. The treatment of BM can be
broadly classified into surgery, radiotherapy, and chemo-
therapy, but the most appropriate treatment is unclear
given the variety of patient backgrounds, including the
number and size of the BM, biological characteristics of
each cancer type, general condition, treatment history,
and prognosis [4].

Diagnosis-specific graded prognostic assessment (DS-
GPA) is a well-established prognostic indicator assess-
ment approach based on clinical data from a group of
patients being treated at multiple centers, mainly in
North America [5]. The target diseases for this assess-
ment are non-small cell lung cancer (NSCLC), small cell
lung cancer, breast cancer, renal cancer, and gastrointes-
tinal tumors [6]. The list has been revised every few years
since it was first reported, and DS-GPA for NSCLC was
redefined as Lung-molGPA in 2017, with an adjustment
for the findings that patients with gene alteration of epi-
dermal growth factor receptor (EGFR) and/or anaplastic
lymphoma kinase (ALK) exhibited favorable prognosis
[7]. In a previous study of patients with BM treated with
radiotherapy, Rice et al. concluded that Lung-molGPA
was the best among several prognostic models [8]. Since
Lung-molGPA was published, there has been remark-
able improvements in the systemic treatment of NSCLC,
including the emergence of new EGEFR tyrosine-kinase
inhibitors (TKI) and immune checkpoint inhibitors (ICI).
Osimertinib, a third-generation EGFR-TKI targeting
NSCLC with EGFR T790M mutations, is now a first-line
treatment for EGFR mutation-positive advanced NSCLC
patients, and it has also been shown to demonstrate
higher effectiveness for BM than the older EGFR-TKIs
including gefitinib or erlotinib [9]. Recent reports have
suggested that the order of treatment by TKI and radi-
otherapy can affect the prognosis [10]. In addition, the
expression of programmed death-ligand 1 (PD-L1) and
the use of ICI could also have some impact on the prog-
nosis for NSCLC patients with BM [11]. Other than for
improvements in systemic agents since its publication,
this index has not been verified in Japanese populations;

this is a barrier, as patients in East Asia are known to
have EGFR mutations significantly more frequently than
those of European descent [12].

The purpose of this study was to validate the robust-
ness of Lung-molGPA with Japanese patients, as well
as to assess the prognostic impact of the expression of
PD-L1 (tumor factor) and the use of osimertinib and ICI
(treatment factor).

Methods

Patients

We performed a retrospective analysis on 294 NSCLC
patients who were newly diagnosed with BM between
2013 and 2020 and who had received radiotherapy for
BM initially at the Hokkaido Cancer Center. Exclusion
criteria were patients with recurrent BM and/or leptome-
ningeal metastases.

Statistics

Survival was measured from the date of diagnosis of BM
to the date of death or last follow-up. We evaluated the
following Lung-molGPA items: age at diagnosis of BM,
Karnofsky Performance Status (KPS), number of BM,
presence of extracranial metastasis, and presence of
EGFR or ALK mutations (in adenocarcinoma cases only).

We also considered the history of TKI use, especially
osimertinib, in the mutation-positive patients. To inves-
tigate the correlation of ICI with survival in patients
tested for PD-L1, the expression of PD-L1 was classified
into three groups: high expression (>50% of cells), low
expression (1-49%), and no expression (< 1%), based on
the classifications of the clinical treatment strategy.

We used the Kaplan—Meier method to estimate over-
all survival, and the log-rank test to compare results. To
assess the prognostic value of Lung-molGPA items and
treatments, univariate analysis, and multiple Cox pro-
portional hazards regression analysis were performed.
All P values were two-tailed, and values smaller than 0.05
were considered statistically significant. To compare mul-
tiple groups by outcome, the Bonferroni correction was
applied. We performed the analysis using JMP Pro (ver-
sion 16.0.0).

Results

Patient characteristics

The detailed patient characteristics are shown in Addi-
tional file 1: Supplementary Table. The median fol-
low-up time after diagnosis of BM for all patients was
13.6 months (IQR 5.5-35.8). The ratio of patients who
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had extracranial metastases for adenocarcinoma was
65.8%. In adenocarcinoma patients, 41.6% were posi-
tive for EGFR and/or ALK mutations. Of all patients, 74
(25.2%) had PD-L1-tests, and the proportions of high,
low, and no expression of PD-L1 were very similar among
adenocarcinoma and non-adenocarcinoma patients.
Most of the patients in whom PD-L1 expression was
tested were diagnosed with BM in 2018 or later.

Figure 1 shows the univariate and multivariate analy-
ses of hazard risks for each item. In the intergroup
comparison, there was a significant difference (p <0.05)
in risk among the groups about KPS and between the
groups with and without extracranial metastasis within
the adenocarcinoma and non-adenocarcinoma groups.
There was also a significant difference in risk between the
groups with and without genetic mutations within the
adenocarcinoma group and in risk between groups about
the number of BM within non-adenocarcinoma.

Lung-molGPA

Figure 2 shows the Kaplan—Meier curves for survival
by diagnosis and Lung-molGPA. The median survival
times for adenocarcinoma groupings by GPA scores of
0-1.0, 1.5-2.0, 2.5-3.0, and 3.5-4.0 were 5.5, 14.8, 28.3,
and 39.0 months (p<0.0001), respectively. The median
survival times of the non-adenocarcinoma groupings by
GPA scores of 0-1.0, 1.5-2.0, and for the 2.5-3.0 Group
3.2,11.0, and 16.0 months (p=0.0011), respectively.
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Tumor factor
We investigated adenocarcinoma patients with gene
mutations for survival time. The median survival time
was 23.7 months (IQR 12.5-40.4) in 91 patients (88
EGFR-positive patients and 3 ALK-positive patients).
Seventy-four patients (62 adenocarcinoma patients
and 12 non-adenocarcinoma patients) had been tested
for PD-L1 expression. The high- (TPS: > 50), low- (TPS:
1-49), and no-expression groups (TPS:<1) included 25,
27, and 22 patients, respectively. The median survival
times after diagnosis of BM were 5.6 months (IQR 3.1-
15.8), 22.5 months (5.2-67.9), and 9.3 months (4.7-35.8)
for the high-, low- and no-expression groups (p=0.2198),
respectively (Fig. 3).

Treatment factor
Figure 4 shows the Kapan-Meier curves for survival by
diagnosis and the use of osimertinib. 33 patients were
treated with osimertinib in 88 EGFR mutation-positive
patients. The median survival for the group without osi-
mertinib was 17.6 months (8.6—39.0), while that for the
group with osimertinib was 34.2 months (22.9-67.9)
(p=0.0164). There was no significant difference in OS
between patients who were initially treated with TKI
for BM and those who initially received radiotherapy
(p=10.5337).

Among the 74 patients tested for PD-L1 expression,
42 patients received ICI treatment. And the numbers
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Fig. 1 Univariate and multivariate analyses. Univariate and multivariate analyses for adenocarcinoma and non-adenocarcinoma regarding the
following items: KPS, age, extracranial metastases, number of brain metastasis, gene mutation, PD-L1 expression, whole brain radiotherapy,
hypo-fractionated stereotactic radiosurgery, surgery, chemotherapy and use of a tyrosine-kinase inhibitor
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Fig. 3 Kaplan-Meier curves for survival from BM diagnosis stratified
by PD-L1 expression
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Fig. 4 Kaplan-Meier curves for survival from BM diagnosis stratified
by the use of Osimertinib

of these patients in the high-, low- and no-expression
groups were 17, 15, and 10, respectively. The types of
ICI used were pembrolizumab (27, 64.3%), nivolumab
(5, 11.9%), atezolizumab (10, 23.8%), and durvalumab (2,
4.8%) (allowing duplication). The median survivals in the
groups treated with and without an ICI were 11.0 months
(5.2-NR) and 9.3 months (3.1-67.9), respectively
(p=0.4535). In the examination of PD-L1 expression and
ICI treatment, ICI improved median survival in patients
with high expression [with ICI, 17 patients, median OS
8.6 months (4.1-NR); without ICI, 8 patients, median OS
3.6 months (2.1-NR)]; however, this difference did not
reach significance (p =0.2113).

Discussion

Validation of the Lung-molGPA in Japanese patients

and tumor factors

In this study, we found that Lung-molGPA can appro-
priately stratify the prognosis of NSCLC patients with
BM, strongly suggesting that Lung-molGPA is applica-
ble to Japanese patients. Similar research has been per-
formed for other racial ancestry patients and others of
Asian ancestry [13, 14], but to the best of our knowledge,
this is the first such study to be performed for Japanese
patients. The proportion of EGFR mutations was mark-
edly higher than in previous studies (235/1521, 15%) [5],
which may be due to a trend specific to Asian ancestry
patient lung cancers [12]. The median overall survival in
each GPA group was not obviously different from those
of previous studies. Adenocarcinoma patients had a
similar survival to that of a recent database (median 5.5
vs. 7 months; median 14.8 vs. 13 months; median 28.3
vs. 25 months; median 39.0 vs. 46 months); the same
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held for non-adenocarcinoma patients (median 3.2 vs.
5 months, median 11.0 vs. 10 months, and median 16.0
vs. 13 months) [5].

Tyrosine-kinase inhibitor

It is generally accepted that there are few effective chem-
otherapies for BM due to the blood—brain barrier, while
EGFR-TKIs, especially osimertinib, can be used for BM
of adenocarcinoma. Previous retrospective studies and
analyses have suggested that osimertinib is effective for
central nervous system lesions in lung cancer and con-
tributes to prolonged OS in non-small cell lung cancers
with BM [9]. Our data support the previous report con-
cerning the effectiveness of osimertinib for BM in EGFR
mutation-positive patients.

The previous study reported that the order of TKI
and radiotherapy affects prognosis in treatment-naive
patients with BM [15]. Although we could not evaluate
the effect fully because this study had the small number
of patients and included some with a history of treat-
ment; we did not confirm a significant difference in sur-
vival between the patients who were initially treated with
TKI and those who initially received radiotherapy.

We know that gene mutation is a favorable prognostic
factor, and the present analysis confirmed this and sug-
gested that the prognosis may be further refined among
patients with genetic mutations.

Programmed death-ligand 1 expression and immune
checkpoint inhibitor use

In this study, PD-L1 expression rates were similar for ade-
nocarcinoma and non-adenocarcinoma, consistent with
statistics from previous large clinical trials [16], and there
were no significant differences in either PD-L1 expres-
sion rates. Among all of the groups, the high expression
group had the poorest prognosis, consistent with a meta-
analysis on PD-L1 and overall survival [17]. This may be
because PD-L1 is essentially a protein that inhibits pro-
grammed cell death [18]. Sperduto et al. [19] showed
that the PD-L1 status correlated with the prognosis in a
large retrospective study, but our results disagree with
this. One reason may be that the number of cases in our
study was not sufficiently large. It is also possible that ICI
was not yet common during the time when the patients
in this study were treated. In other words, a high PD-L1
expression may not be a favorable prognostic factor in
settings where ICI is not commonly used.

Limitations
This study is a single-center, retrospective analysis, and
the target population is subject to selection bias. The
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results do not clearly indicate an optimal treatment
for BM. Also, patients who did not receive radiation
therapy for BM were not included in the study, and this
means that patients who responded well to drug ther-
apy or did not have the opportunity to go to the hos-
pital were not included. In other words, the study may
not adequately reflect the survival of the entire popula-
tion with BM.

Conclusions

Our findings suggest that Lung-molGPA is applicable
to Japanese patients. Osimertinib may be more effective
for NSCLC patients with gene mutation than other TKI
though the prognostic value of PD-L1 status remains to
be investigated in a larger number of patients. Prospec-
tive trials should be scheduled so that Lung-molGPA
can be used to determine treatment strategy.
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