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Abstract. Brain metastasis (BM) in patients with non‑small 
cell lung cancer (NSCLC) is usually associated with a poor 
prognosis. A 55‑year‑old Japanese man visited Tokyo Dental 
College Ichikawa General Hospital with complaints of 
motor aphasia and fatigue. Enhanced magnetic resonance 
imaging of the brain revealed multiple tumors. The patient's 
medical history included lung cancer surgery performed at 
another hospital 3 months prior to his visit to our hospital. 
Total resection of the left frontal tumor revealed BM from 
lung adenocarcinoma. Stereotactic radiosurgery (SRS) was 
performed for the remaining three BMs. At 9 months after 
SRS, another new BM was discovered, and SRS was again 
performed. More than 13 years have elapsed since the last SRS 
was performed, and the patient has remained relapse‑free. To 
the best of our knowledge, this is the first case report describing 
a patient with NSCLC with multiple BMs who has remained 
relapse‑free for >13 years with no neurological dysfunction, 
including cognitive deficit.

Introduction

The brain is a common metastatic site for non‑small cell 
lung cancer (NSCLC). In patients surgically treated for 
early‑stage (stage I/II) NSCLC, the 5‑year risk of developing 
brain metastasis (BM) is 10% (1). In advanced‑stage NSCLC 
(stage IIIB/IV), BM occurs in 36% of the patients throughout 
the course of their disease (2). BM in patients with NSCLC 
is usually associated with a poor prognosis, with a median 
survival time (MST) of 7 months (3).

Although whole brain radiation therapy (WBRT) has 
historically been performed as a standard therapy for multiple 
BMs (4), cognitive dysfunction may develop as a side effect 
of WBRT (5). At present, not only WBRT, but also stereo‑
tactic radiosurgery (SRS), surgical resection, drug therapy, 
and combinations of these modalities, have been performed 
according to the clinical background of each patient (5‑11).

We herein present a rare case of a patient with multiple 
BMs from NSCLC who was treated using a combination of 
resection and SRS and has remained relapse‑free for >13 years 
without cognitive dysfunction.

Case report

In October 2005, a 55‑year‑old Japanese man visited the 
Department of Neurosurgery of Tokyo Dental College 
Ichikawa General Hospital (Ichikawa, Japan) with complaints 
of motor aphasia and fatigue. Enhanced brain MRI examina‑
tion revealed multiple brain tumors (Fig. 1A). A 3‑cm tumor 
was identified in the left frontal lobe, with an enhance‑
ment effect in the periphery, accompanied by edema of the 
surrounding tissue. A nodule 4 mm in diameter was observed 
in the right parietal lobe. The Eastern Cooperative Oncology 
Group performance status (ECOG PS) score was 1, and the 
Karnofsky performance score (KPS) was  70. The patient 
had a history of lung cancer, hypertension and smoking 
(35 pack‑years), and was working as a civil service employee.

According to information obtained from the previous 
doctor, the patient had undergone lung surgery 3 months before 
visiting our hospital (July 2005). The primary lung tumor was 
4 cm in diameter and was located in segment 2 of the right 
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upper lobe (Fig. 2A); the carcinoembryonic antigen (CEA) 
level was 12.8 ng/ml (reference range, 0‑5 ng/ml). A right 
upper lobectomy with lymph node dissection was performed, 
and the tumor was diagnosed as lung adenocarcinoma and 
pathologically classified as T2N2Mx according to the 6th 
edition of the TNM classification (12). The patient declined 
adjuvant chemotherapy.

It was considered likely that these brain tumors were 
metastases from the NSCLC. Brain MRI, which is usually 
performed, had not been performed prior to lung surgery; thus, 
it was unknown whether any BMs existed prior to surgery.

To reduce the risk of cognitive dysfunction as a side effect 
of WBRT, surgical resection of the 3‑cm brain tumor in the 
left frontal lobe was performed, while the remaining small 
nodule was treated with SRS.

In December 2005, the left frontal lobe tumor was completely 
removed at our hospital. On histological examination, the brain 
tumor was an adenocarcinoma exhibiting papillary, acinar 

and solid growth patterns (Fig. 3A‑D), while the primary lung 
tumor had been diagnosed as an adenocarcinoma exhibiting 
acinar and solid growth patterns based on information obtained 
from the previous doctor, and no neoplastic lesions were found 
in organs other than the lungs. Hence, the brain tumors were 
diagnosed as metastatic lesions from lung cancer. Furthermore, 
immunohistochemistry (IHC) performed later revealed that 
the tumor cells were positive for cytokeratin (CK)7, thyroid 
transcription factor‑1 (TTF‑1) and napsin A, whereas CK20 
was negative (Fig. 3E‑H), which were findings characteristic of 
metastasis from lung adenocarcinoma. The brain tumor did not 
harbor any mutations in the EGFR gene.

In January 2006, the 4‑mm nodule in the right parietal lobe 
increased to a diameter of 8.5 mm, and a second new 8.5‑mm 
nodule was observed in the same lobe (Fig. 1B). An 8‑mm 
nodule was also observed in the left occipital lobe (Fig. 1C). 
SRS using Leksell Gamma Knife was performed for the three 
BMs at a peripheral dose of 20 Gy (50%).

Figure 1. Findings on enhanced brain MRI scans. (A) Brain MRI performed in November 2005 revealed a 3‑cm tumor in the left frontal lobe and a small 
nodule in the right parietal lobe. A second brain MRI performed in January 2006 revealed nodules in the (B) right parietal and (C) left occipital lobes. (D) In 
October 2006, a nodule in the left frontal lobe was identified on brain MRI. (E‑G) Comparative MRI examination performed in December 2020 indicated no 
signs of recurrence in any of the lobes. Red arrows indicate the brain lesions.

Figure 2. Chest CT examination. (A) A chest CT performed in July 2005 revealed a 4‑cm tumor in the upper lobe of the right lung. (B) A chest CT performed 
in December 2020 revealed no signs of tumor recurrence.
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At 9 months after SRS, enhanced brain MRI revealed a 
new 3.5‑mm nodule in the left frontal lobe (Fig. 1D), and SRS 
was performed again in January 2007. The patient did not wish 
to receive the subsequent systemic chemotherapy.

In December 2020, enhanced brain MRI (Fig.  1E‑G), 
enhanced chest and abdominal CT (Fig. 2B) and bone scin‑
tigraphy (data not shown) did not show any recurrence. The 
patient's CEA level in March 2021 was within the normal range 
(4.2 ng/ml). His ECOG PS score was 0, his KPS was 100 and 
his mini‑mental status examination (MMSE) score was 30. The 
patient was considered to be clinically cured, as he had remained 
relapse‑free for >13 years since the last SRS treatment.

Discussion

Lutterbach et al (13) retrospectively analyzed patients with 
NSCLC who had single or multiple BMs and reported a 
survival rate of 2.6% at 3 years and <1% at 5 years. There have 
been few reports of long‑term survival (>10 years) in patients 
with NSCLC who had multiple BMs. Kotecha  et  al  (14) 
reviewed the records of 1,953 patients who underwent treat‑
ment for BMs; among those, only two with multiple BMs from 
NSCLC survived for ≥10 years: One survived for 10.1 years 
and died due to systemic disease; however, there was no 
information regarding neurological symptoms after treatment. 
The other patient survived for 15.3 years, and the cause of 
death was unknown. The KPS after treatment was 50, and the 
patient required the assistance of a wheelchair. In the present 
case, the patient suffered from NSCLC with multiple BMs and 
has remained relapse‑free for >13 years, with no neurological 
dysfunction, including cognitive deficit.

The questions that remain in the rare clinically cured cases, 
such as the present case, are whether the brain lesion was actu‑
ally a tumor and whether it was a BM from lung cancer. In 
patients with NSCLC who exhibit metastases on enhanced 
brain MRI, if there are no concerns regarding the diagnosis, it 
is common to proceed to treatment of the brain tumors without 

a definitive histological diagnosis (15,16). In the present case, 
since surgery was performed, the brain lesion was histologi‑
cally confirmed as an adenocarcinoma, and IHC staining for 
CK7, TTF‑1, napsin A and CK20 strongly suggested that the 
primary origin was lung adenocarcinoma (17‑20).

It was herein considered that the following reasons may 
have contributed to the long‑term lack of relapse in the present 
case: i) High diagnosis‑specific graded prognostic assess‑
ment (DS‑GPA) score; ii)  controlled primary lung lesion; 
and iii) combination of resection and SRS for multiple BMs. 
In particular, our decision to combine resection and SRS to 
avoid WBRT may be the reason why there was no cognitive 
dysfunction.

The DS‑GPA score is a prognostic factor for the analysis 
of patients with BMs. For patients with lung cancer, the 
DS‑GPA score is determined by scoring four factors: KPS, 
age, presence of extracranial metastases and number of BMs. 
According to Sperduto et al (3), in NSCLC, the MST in the 
poor prognosis group with low DS‑GPA scores (0‑1.0) was 
3.02 months. The score in our case was 2.5, and the MST in 
patients with scores of 2.5‑3.0 is hypothesized to be relatively 
better at 9.43 months.

Some studies have investigated prognostic factors in 
patients with NSCLC who have a small number of BMs. 
Kim  et  al  (21) retrospectively reviewed patients with 
NSCLC treated with SRS for 1‑4  BMs and determined 
the following five factors as significant predictors of OS: 
i) Status of systemic disease, ii)  presence of neurogenic 
deficits, iii) size of the brain tumor(s), iv)  initial imaging 
appearance of intratumoral necrosis and v) initial resection 
of the primary lung lesion. Won et al (22) performed a retro‑
spective study of patients undergoing SRS for 1‑5 BMs from 
NSCLC. Primary disease control and ECOG PS were found 
to significantly affected survival. The common prognostic 
factor between the two studies was that the primary lung 
lesion was controlled. In our case, the primary lung cancer 
was excised and controlled.

Figure 3. Pathological characteristics of the brain tumor. (A) Hematoxylin‑eosin staining of the left frontal lobe tumor revealed an adenocarcinoma exhibiting 
(B) papillary, (C) acinar and (D) solid growth patterns. Immunohistochemistry revealed that the tumor was positive for (E) CK7, (F) thyroid transcription 
factor‑1 and (G) napsin A and (H) negative for CK20. Scale bars, (A) 500 µm; (B‑H) 100 µm. CK, cytokeratin.
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Andrew et al (6) performed a randomized controlled 
trial (RCT) comparing WBRT alone to WBRT plus SRS for 
1‑3 BMs. Although there was no difference in MST, WBRT 
plus SRS achieved longer survival compared with WBRT 
alone among patients with a single BM. Brown  et  al  (5) 
conducted an RCT comparing SRS alone to SRS plus WBRT 
among patients with 1‑3 BMs. Although there was no differ‑
ence in OS, there was less cognitive deterioration at 3 months 
after SRS alone compared with that after SRS plus WBRT. A 
similar pattern was also observed at 12 months in long‑term 
survivors. Yamamoto et al (7) performed a prospective obser‑
vational study in patients with BMs (largest tumor <10 cm3 in 
volume and <3 cm in longest diameter; total cumulative volume 
≤15 cm3). SRS without WBRT in patients with 5‑10 BMs was 
non‑inferior to that in patients with 2‑4 BMs in terms of OS. 
Shuto et al (23) analyzed a subset of patients with BMs from 
NSCLC in their study. The 60‑month post‑SRS rates of neuro‑
cognitive preservation were at least 85.7%, with no difference 
between the two groups. Thus, if the number and size of BMs 
are limited, SRS may be a better treatment option compared 
with WBRT for patients with BMs, resulting in comparable 
OS and less prominent cognitive dysfunction.

In our case, total resection of the 3‑cm tumor was 
performed, and SRS was selected for the remaining small 
nodules. Kayama et al  (11) conducted an RCT comparing 
WBRT to salvage SRS in patients with 1‑4 BMs and only one 
surgically resected lesion ≥3 cm in diameter. Salvage SRS was 
not inferior to WBRT in terms of OS after resection of the 
BM. Although the proportion of patients with MMSE scores 
that did not worsen at 12 months was similar between the two 
treatments, the incidence of grade 2‑4 cognitive dysfunction at 
91 days after WBRT was significantly higher compared with 
that after SRS. It was therefore concluded that salvage SRS can 
be established as a standard therapy for patients with 1‑4 BMs.

To the best of our knowledge, this is the first case report 
in the literature to describe a patient with multiple BMs from 
NSCLC who has remained relapse‑free for >13 years with no 
neurological dysfunction, including cognitive deficit. Even in 
patients with NSCLC and multiple BMs, long‑term survival 
is probable if the DS‑GPA score is high and the lung lesion 
is controlled. To reduce the risk of cognitive dysfunction in 
such cases, we recommend local treatment without WBRT 
as the most viable option, such as combining resection and 
SRS, if possible. Moreover, to better understand the clinical 
and biological background of patients with multiple BMs from 
NSCLC who achieve long‑term survival, it is necessary to 
accumulate data from cases similar to the one presented herein.
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