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Introduction

In National Comprehensive Cancer Network guidelines, 
recommendations for treatment of early-stage non–small cell 
lung cancer (NSCLC) involve definitive treatment, including 
surgery and concurrent chemoradiation (CRT) due to their 
greatest opportunity for a cure [1]. Brain metastases are a 
common complication in NSCLC patients. However, there 
are few data on incidence of brain metastasis in early-stage 
NSCLC. One retrospective study reported that the incidence 
of brain metastasis in postoperative early-stage NSCLC was 
low, approximately 6% [2]. After CRT for stage III NSCLC 
patients, 13%-15% of patients develop symptomatic brain 
metastases within the first year [3]. Approximately 10% of 
patients at the time of diagnosis [4] and approximately 10%-
30% of patients during the disease course experience brain 
metastases [5]. Brain metastases can cause neurologic symp-
toms, including headaches, focal neurologic deficits, cogni-
tive dysfunction, and seizures, resulting in a negative effect 
on the quality of life and, ultimately, poor survival. In addi-

tion, most patients with brain metastases have synchronous 
extracranial metastases [6]. Therefore, the median overall 
survival (OS) for recurrent or metastatic stage IV patients 
was less than 1 year, with a median progression-free survival 
(PFS) of approximately 5 months [7]. 

Hellman and Weichselbaum [8] first proposed the con-
cept of oligometastses as 1-5 metastatic or recurrent lesions 
with active primary lesions. Oligometastses typically are 
treated with metastasis-directed local treatment, such as sur-
gery or stereotactic radiosurgery (SRS), which can result in 
long-term survival or even cure [8]. In contrast, Niibe and 
Hayakawa [9] proposed the concept of oligorecurrence as 
1-5 metastatic or recurrent lesions with controlled primary 
lesions. Similarly, oligorecurrence should be treated with 
metastasis-directed local treatment and is considered to 
have a better prognosis than oligometastases [9]. It has been  
reported that synchronous oligometastases are associated 
with worse clinical outcomes compared with metachronous 
oligometastases. Therefore, it is important to distinguish 
between oligometastases and oligorecurrence. Recently, the 
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European Society for Radiotherapy and Oncology (ESTRO) 
and European Organization for Research and Treatment of 
Cancer (EORTC) OligoCare Project developed a comprehen-
sive system for characterization and classification of oligo-
metastatic disease [10].

Brain metastases in NSCLC are managed with well- 
established approaches including local treatment, cytotoxic 
systemic chemotherapy, molecular targeted therapies, and 
immune checkpoint inhibitors. However, metachronous 
brain-only oligorecurrence NSCLC patients without onco-
genic driver mutations who underwent definitive treatment 
are rare, and there is limited data on appropriate treatment 
strategies and long-term clinical outcomes. In this study, we 
investigated the clinical outcomes of metachronous brain-
only oligorecurrence in patients with NSCLC without onco-
genic driver mutations who previously underwent definitive 
treatment with long-term follow-up.

 

Materials and Methods
 
1. Patients

The DNA extracted from formalin-fixed paraffin-embed-
dWe retrospectively reviewed 4,437 patients with epider-
mal growth factor receptor (EGFR) mutation wild type and 
anaplastic lymphoma kinase (ALK) rearrangement-negative 
NSCLC stage I-IIIC (according to the American Joint Com-
mittee on Cancer, 8th edition, TNM staging system) who 
underwent definitive treatment such as surgery, CRT, or  
definitive RT at Samsung Medical Center, Korea, between 
April 2008 and April 2018. Regardless of systemic metas-
tases, 327 patients showed one to five brain metastases on 
brain magnetic resonance imaging (MRI) and were treated 
with surgery, whole-brain radiotherapy (WBRT), or SRS. Of 
the 327 patients, 71 had metachronous brain-only oligorecur-
rence without extracranial progression and were treated with 
local therapy, while 17 had synchronous oligorecurrence 
(maximum 6-month interval between diagnosis of brain oli-
gorecurrence and diagnosis of primary lung cancer) (Fig. 1). 
Oligorecurrence was confirmed by radiologic imaging such 
as computed tomography (CT) of the chest, abdomen, and 
pelvis; MRI of the brain; or positron emission tomography–
CT.

2. End point definition and response evaluation
OS was calculated from the date of treatment for brain  

metastases to the date of death from any cause. PFS was cal-
culated from the date of treatment for brain metastases to the 
date of extracranial metastases or death due to any cause. 
Disease-free interval (DFI) was calculated from the date of 
definitive treatment for primary lesions to the date of diag-

nosis for brain-only oligorecurrence. The date of definitive 
treatment for primary lesions was defined as the date of sur-
gery or CRT.

3. Statistical analyses
The cut-off date for data collection was September 14, 2020. 

Descriptive statistics were used to summarize patient and  
tumor characteristics and treatment history. Clinical out-
comes of OS, PFS, and DFI were evaluated based on the  
Response Evaluation Criteria in Solid Tumors ver. 1.1 by the 
investigators. DFI, PFS, and OS were assessed by the Kaplan-
Meier method and p-values from a log-rank test. Univariate 
analysis of prognostic factors was performed by the log-rank 
test for OS, and multivariate analysis was performed using 
Cox proportional hazards models. Multivariate analysis was 
used in factors that were significant (p < 0.05) or exhibited a 
non-significant trend toward significance (p < 0.25) on uni-
variate analysis. IBM SPSS Statistics ver. 25 (Armonk, NY) 
was used for statistical analysis. 

Results

1. Patient characteristics 
Seventy-one patients (71/4,437, 1.6%) who met the crite-

ria for one to five metachronous brain-only oligorecurrences 
were identified. The median age was 64.8 years (range of 
40 to 81 years). The Eastern Cooperative Oncology Group 
(ECOG) performance score (PS) of most patients was 0 or 1. 

Fig. 1.  Flow diagram of the study population. ALK, anaplas-
tic lymphoma kinase; EGFR, epidermal growth factor receptor; 
NSCLC, non–small cell lung cancer; WT, wild-type.
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Adenocarcinoma (83%) was the main histological subtype. 
The numbers of initial stage I, II, and III NSCLC patients 
were 11 (15%), 17 (24%), and 43 (61%), respectively. Sixty-
three patients (89%) with stage I, II, IIIA, or IIIB were treated 
by surgery, and seven patients (10%) with stage IIIB or IIIC 
were treated with CRT with curative intent. For brain metas-
tases, 58 (81.7%) patients were treated with local treatment 
(SRS, surgery), five (7.0%) were treated with WBRT, eight 
(11.3%) with local treatment (SRS, surgery) and WBRT. For-
ty-four patients (62%) had a longer than 12-month interval 
from definitive treatment to initial brain recurrence, and 46 
patients (65%) had single brain metastasis. Only 10 patients 
(14%) received local treatment to the brain along with sys-
temic chemotherapy (Table 1).

2. OS and prognostic factor analysis
The median follow-up was 41.2 months (19.2 to 145.4). The 

median OS was 38.9 months (95% confidence interval [CI], 
21.8 to 56.1) in 71 patients. The 2-year OS rate was 67.8% and 
the 5-year OS rate was 33.1% (Fig. 2). The median OS of ini-
tial stages I, II, and III were 59.7 months, 24.0 months, 37.3 
months, respectively (p=0.195). Univariate analysis revealed 
ECOG PS (p=0.005), histological subtype (p=0.040), and treat-
ment method for metastatic brain lesion (p=0.081) as signifi-
cant factors associated with OS (Table 2). Multivariate analy-
sis showed ECOG PS (p=0.005) as significant independent 
prognostic factors for poor OS (Table 3). However, there were 
no clear associations between OS and initial stage (p=0.685), 
definitive treatment method for the primary site (p=0.342),  
interval from initial treatment to brain metastasis (p=0.095), 
and number of metastatic brain lesions (p=0.226). Of note, 
seven patients (10%) survived more than 5 years from the 
date of treatment for brain metastases. The longest surviving 
patient had a survival period of 115 months.

Table 1.  Patient characteristics

Characteristic	 No. (%) 

Age (yr), median (range)	 64.8 (40-81)
Sex 
    Male 	 56 (78.9)
    Female 	 15 (21.1)
ECOG PS	
    0	 17 (23.9)
    1	 51 (71.8)
    2	 3 (4.3)
Histological subtype	
    Adenocarcinoma	 59 (83.1)
    Squamous cell carcinoma	 7 (9.9)
    Others	 5 (7.0)
Differentiation	
    Well	 1 (1.4)
    Moderate	 27 (38.0)
    Poor	 29 (40.9)
    None	 14 (19.7)
Initial stage	
    IA1	 0 (
    IA2	 1 (1.4)
    IA3	 8 (11.3)
    IB	 2 (2.8)
    IIA	 3 (4.2)
    IIB	 14 (19.7)
    IIIA	 27 (38.0)
    IIIB	 13 (18.3)
    IIIC	 3 (4.2)
Treatment method for thoracic lesions	
    Surgery	 63 (88.7)
    CCRT	 7 (9.9)
    RT	 1 (1.4)
Interval to initial brain recurrence (mo)	
    < 12	 27 (38.0)
    ≥ 12	 44 (62.0)
No. of metastatic brain lesions 	
    1	 46 (64.8)
    2	 10 (14.1)
    3	 4 (5.6)
    4	 6 (8.5)
    5	 5 (7.0)
Treatment method for metastatic brain lesions	
    Local treatment (SRS, surgery)	 58 (81.7)
    WBRT	 5 (7.0)
    Local treatment and WBRT	 8 (11.3)
Chemotherapy	 10 (14.1)
SRS dose (Gy), median (range)	 20 (15-32)
WBRT dose (Gy), median (range)	 30 (20-50)

CCRT, concurrent chemoradiation; ECOG PS, Eastern Coopera-
tive Oncology Group performance score; RT, radiotherapy; SRS, 
stereotactic radiotherapy; WBRT, whole-brain radiation therapy.

Fig. 2.  Kaplan-Meier curves of overall survival (OS) for the  
local treatment with or without chemotherapy in metachronous 
brain-only oligorecurrence in patients. CI, confidence interval.
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3. Progression-free survival 
The median PFS was 25.5 months (95% CI, 16.6 to 34.4). 

The 2-year PFS rate was 50.2% and the 5-year PFS was 17.4% 
(Fig. 3). Twenty patients developed extracranial metastases 
after local treatment for metastatic brain lesions. Extrac-
ranial metastatic sites were lung to lung metastasis in six  
patients, regional lymph nodes in eight patients, bone in sev-
en patients, adrenal gland in one patient, liver in one patient, 
kidney in one patient, and mesentery mass in one patient. 
The median disease-free survival for brain metastasis was 
13.3 months (95% CI, 12.2 to 14.4). The 1-year DFI rate was 
62.0% and the 2-year DFI rate was 19.7% (Fig. 4). The median 

DFI values of initial stages I, II, and III were 25.7 months, 12.9 
months, 13.3 months, respectively (p=0.091).

4. Local treatment with or without systemic chemotherapy 
for brain metastases 

Of the 71 patients, 61 received local treatment alone at the 
time of diagnosis for brain-only oligorecurrence and meta-
static brain tumors were well controlled by local treatment 
without progression or leptomeningeal seeding. Among 
them, 15 patients developed extracranial metastases during 
follow-up and were treated with systemic chemotherapy. 
Only 10 patients received local treatment followed by sys-

Table 2.  Univariate analysis of overall survival

Variable 	 No.	 Survival time (mo), median (95% CI)	 p-value

Age (yr), median (range)
    < 65	 36	 27.5 (15.8-39.2)	 0.402
    ≥ 65	 35	 38.9 (26.0-51.8)	
Sex			 
    Male	 56	 27.4 (12.8-42.0)	 0.125 
    Female	 15	 53.2 (29.8-76.6)	
ECOG PS			 
    0	 17	 NR	 0.005
    1-2	 54	 27.5 (17.2-37.8)	
Histological subtype			 
    Adenocarcinoma	 59	 41.0 (32.5-49.6)	 0.040
    Non-adenocarcinoma	 12	 17.8 (7.3-28.2)	
Differentiation			 
    Well to Moderate	 28	 27.5 (8.9-46.1)	 0.534
    Poor	 29	 38.9 (9.0-68.9)	
Initial stage			 
    I-II	 28	 38.9 (17.3-60.6)	 0.685  
    III	 43	 37.3 (19.1-55.5)	
Treatment method for thoracic lesions			 
    Surgery	 63	 38.9 (22.3-55.6)	 0.342  
    Chemoradiotherapy	   8	 17.8 (0-47.6)	
Interval time to initial brain metastasis (mo)			 
    < 12	 27	 27.4 (16.4-38.4)	 0.095
    ≥ 12	 44	 41.0 (34.5-47.6)	
No. of metastatic brain lesions 			 
    1	 46	 41.0 (31.1-50.9)	 0.226 
    2-5	 25	 27.4 (16.3-38.5)	
Treatment method for metastatic brain lesions			 
    Local treatment (SRS, surgery)	 58	 42.2 (26.2-58.1)	 0.081
    WBRT	   5	 18.8 (8.5-29.1)	
    Local treatment and WBRT	   8	 38.9 (21.8-33.9)	
Chemotherapy			 
    Yes	 10	 18.5 (18.1-18.9)	 0.815
    No	 46	 34.7 (22.9-46.6)	
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance score; SRS, stereotactic radiotherapy; WBRT, whole-
brain radiation therapy.
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temic chemotherapy at the time of diagnosis for brain-only 
oligorecurrence; nine patients received a platinum-based 
combination chemotherapy, six of whom received pem-
etrexed and cisplatin for 2 to 6 cycles. The median OS of the 
patients receiving local treatment along with systemic chem-
otherapy at the date of treatment for brain metastases (n=10) 
was shorter than that of those treated with local treatment 
alone (n=46). However, there was no significant difference in 

OS according to systemic chemotherapy (p=0.815).

5. Comparison between synchronous and metachronous 
brain-only oligorecurrence

We identified 17 patients with synchronous oligorecur-
rence, which was defined as a maximum 6-month interval 
between diagnosis of brain oligorecurrence and diagnosis of 
primary lung cancer. The median OS was 38.9 months (95% 
CI, 21.8 to 56.1) in 71 patients with metachronous brain-only 

Table 3.  Multivariate analysis of overall survival

Variable 	 Hazard ratio (95% CI)	 p-value

Sex			 
    Male	 1 (	 0.130
    Female	 0.48 (0.19-1.24)	
ECOG PS		
    0	 1 (	 0.005
    1-2	 5.33 (1.66-17.13)	
Histological subtype		
    Adenocarcinoma	 1 (	 0.102
    Non-adenocarcinoma	 2.17 (0.85-5.52)	
Interval time to initial brain metastasis (mo)		
    < 12	 1 (	 0.595
    ≥ 12	 0.83 (0.40-1.69)	
No. of metastatic brain lesions 		
    1	 1 (	 0.582
    2-5	 1.24 (0.58-2.68)	
Treatment method for metastatic brain lesions		
    Local treatment (SRS, surgery)	 1 (	
    WBRT	 1.42 (0.39-5.10)	 0.587  
    Local treatment and WBRT	 2.31 (0.84-6.33)	 0.103  
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance score; SRS, stereotactic radiotherapy; WBRT, whole-
brain radiation therapy.

Fig. 3.  Kaplan-Meier curves of progression-free survival (PFS) 
for local treatment with or without chemotherapy in metachro-
nous brain-only oligorecurrence in patients. CI, confidence  
interval.
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oligorecurrence, whereas the median OS was 52.0 months 
in 17 patients with synchronous brain-only oligorecurrence 
(p=0.575). There was a numerically longer OS in patients 
with synchronous brain-only oligorecurrence.

Discussion

The current study demonstrated a median OS of 38.9 
months (95% CI, 21.8 to 56.1) in 71 patients who underwent 
definitive treatment for primary lesions and received local 
treatment for metachronous brain-only oligorecurrence. 
The median PFS was 25.5 months (95% CI, 12.2 to 14.4). The 
2-year OS rate was 67.8%, approximately 33% of the patients 
survived longer than 5 years, and 17% of the patients had no 
extracranial relapse for more than 5 years, suggesting that 
patients with brain-only oligorecurrence after curative intent 
treatment experience long-term survival with local treat-
ment.

Previous studies reported favorable clinical outcomes 
of local treatment for oligometastases in NSCLC patients  
[11-13]. However, until recently, the standard distinction 
between oligometastases and oligorecurrence had not been 
well-established. Furthermore, there was no definitive dis-
tinction between synchronous and metachronous brain-only 
oligorecurrence NSCLC due to its rarity. Therefore, most 
studies included patients with synchronous oligometastases 
with uncontrolled primary lesions. In 2020, the ESTRO and 
EORTC OligoCare Project developed a comprehensive sys-
tem for characterization and classification of oligometastatic 
diseases [10]. One Japanese group previously reported a  
median OS of 41 months in brain-only oligorecurrence 
NSCLC patients treated with local radiation therapy [14], 
which is consistent with our results. However, they did not 
distinguish between synchronous and metachronous oli-
gorecurrence, and the number of patients was small. In this 
study, we separately analyzed patients with metachronous 
and synchronous oligorecurrence. Although there was no 
significant difference in OS between the two cohorts, it was 
important to distinguish these two recurrence patterns to  
explore treatment strategies and prognostic factors.

This study is unique because we excluded patients with 
oncogenic drivers, in whom many targeted agents pen-
etrating the blood brain barrier are available, especially for 
EGFR- and ALK-positive NSCLC, which can overestimate 
the clinical outcome. Even without oncogenic driver muta-
tions, patients with brain-only oligorecurrence exhibit long-
term survival with local therapy. We also found that the inci-
dence of brain-only oligorecurrence in this cohort was 1.6% 
(71/4,437), with a median DFI of 13.3 months. Most patients 
with stage II or III developed brain metastases around 12 

months after definitive treatment. Considering that brain  
metastases were concurrent with extracranial progression, 
the incidence increased, indicating that proactive surveillance 
of brain metastasis should be considered. We also found that 
ECOG ≥ 1 (hazard ratio, 5.33; 95% CI, 1.66 to 17.13; p=0.005) 
was poor prognostic factors in metachronous brain-only oli-
gorecurrence patients. In contrast, factors of initial stage, his-
tological subtype, definitive treatment type for primary sites, 
interval time to brain metastasis, number of metastatic brain 
lesions, treatment method for brain metastasis, and systemic 
chemotherapy were not correlated. The underlying biology 
for metachronous brain metastases has yet to be determined. 
Given the limited patient numbers, further investigations are 
necessary to identify traits of patients who develop brain-
only oligometastases. Along with local therapy to the brain, 
14% of patients (10/71) received systemic chemotherapy to 
prevent further systemic relapse. Although we did not deter-
mine any significant difference in clinical outcomes between 
patients receiving local therapy alone and those treated with 
local therapy and systemic chemotherapy (18.5 months vs. 
34.7 months, p=0.815), the role of systemic chemotherapy 
in brain-only oligorecurrence remains controversial. Based 
on our results, local therapy alone may be a reasonable  
approach for management of this patient population.

Our study has limitations. This is single-center retrospec-
tive study, leading to bias. In addition, given the location of 
a referral center, more aggressive treatment with active sur-
veillance might affect the clinical outcomes compared with 
those in a community hospital. Nevertheless, to the best of 
our knowledge, this study is the largest with long-term fol-
low-up analyzing the rare event of metachronous brain-only 
oligorecurrence in NSCLC patients.

Metachronous brain-only oligorecurrence NSCLC patients 
who underwent definitive treatment experienced long-term 
survival with local therapy, highlighting the rare but unique 
patient population. The role of systemic chemotherapy in 
this patient population requires further investigation. 
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