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Abstract
Despite the importance of accurate disease definitions for effective management 
and treatment decisions, there is currently no consensus on what constitutes oli-
gometastatic non–small-cell lung cancer (NSCLC). Predominant patterns of initial 
progressive disease (PD) after first-line systemic therapy have been shown to be a 
substantial basis for local ablative therapy (LAT) for all disease sites in patients with 
oligometastatic NSCLC, suggesting that these patterns could be helpful in defining 
synchronous oligometastatic NSCLC. Therefore, this retrospective study aimed to 
propose a threshold number of metastases for synchronous oligometastatic NSCLC, 
based on the pattern of initial PD after first-line systemic therapy. The cut-off thresh-
old number of metastases compatible with synchronous oligometastatic NSCLC was 
determined using receiver operating characteristic (ROC) curve analyses of PD at the 
initially involved sites alone. ROC analysis of 175 patients revealed that the presence 
of 1-3 metastases before first-line treatment (sensitivity, 85.9%; specificity, 97.3%; 
area under the curve, 0.91) was compatible with oligometastatic NSCLC, therefore 
we divided patients into oligometastatic NSCLC and non-oligometastatic NSCLC 
groups. Multivariate logistic regression analyses revealed oligometastatic NSCLC to 
be the only independent predictor of PD at initially involved sites alone (odds ratio 
165.7; P < .001). The median survival times in patients with oligometastatic or non-
oligometastatic NSCLC were 23.0 and 10.9 mo (hazard ratio, 0.51; P = .002), respec-
tively. Based on these findings, we propose synchronous oligometastatic NSCLC as 
1-3 metastases in accordance with patterns of initial progression. The result of our 
study might be contributory to provide a common definition of synchronous oligo-
metastatic NSCLC.
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1  | INTRODUC TION

Patients with advanced NSCLC treated with platinum-based chemo-
therapy have poor prognoses, with reported median overall survival 
(OS) times of 12-13 mo.1-3

Synchronous oligometastatic NSCLC is generally recognized as a 
disease type with limited spreading at the time of diagnosis.4 Previous 
studies evaluating patterns of initial PD revealed that almost two-
thirds of patients developed PD in the initially involved sites alone 
after first-line systemic therapy in patients with oligometastatic 
NSCLC.5,6 Furthermore, basic science studies have suggested that 
oligometastatic cancers have metastatic potential that can remain 
dormant for some time.7,8 Overall, these findings suggested that oli-
gometastatic NSCLC has distinctive features and that treatment with 
LAT to all sites may improve survival in this patient group.9

Several retrospective and prospective studies have suggested 
that LAT in patients with few metastases is effective.10-13 Two ran-
domized phase II trials with patients with oligometastatic NSCLC 
(defined as 1-3 and 1-5 metastases, respectively) have shown that 
adding LAT as a treatment delivered to all sites is associated with 
prolonged progression-free survival (PFS).14-16 Moreover, one of 
these trials demonstrated that LAT was associated with prolonged 
OS.15 Finally, a meta-analysis has shown that LAT to the primary 
tumor improved the survival in patients with oligometastatic 
NSCLC.17

Although the number of clinical trials involving patients with oli-
gometastatic NSCLC has increased dramatically over the past decade, 
the definition of oligometastatic disease remains controversial.18-21 
Accurate disease definition is paramount to effective research and 
practice. Predominant patterns of initial PD after first-line systemic 
therapy have shown to be a substantial basis for LAT to all disease 
sites in patients with oligometastatic NSCLC, suggesting that these 
patterns could help to define synchronous oligometastatic NSCLC. 
Therefore, this retrospective study aimed to propose a threshold 
number of metastases for synchronous oligometastatic NSCLC, 
based on the pattern of initial PD after first-line systemic therapy.

2  | MATERIAL S AND METHODS

2.1 | Patients

This study protocol was approved by our institutional ethics re-
view board. Medical records of 829 patients with advanced NSCLC 
who had undergone first-line platinum-based chemotherapy at the 
Shizuoka Cancer Center between February 2010 and December 
2018 were reviewed retrospectively. Patient age, sex, smoking sta-
tus, ECOG PS, and histology findings at the time of the first dose of 

platinum-based chemotherapy were recorded. None of the patients 
in this study was treated with definitive LAT. Patients who had PS 
scores of 2-4, those with interstitial lung disease, and those with tu-
mors harboring EGFR/ALK/ROS1 genetic aberrations were excluded 
from this study. The presence of malignant pleural or pericardial ef-
fusion is known to be an independent predictor of poor survival in 
patients with advanced NSCLC.22,23 Furthermore, patients with dif-
fuse serosal metastases (pericardial, pleural, meningeal, and mesen-
teric) were excluded from the present study due to their ineligibility 
for LAT in accordance with the multidisciplinary consensus state-
ment on the definition of oligometastatic NSCLC.21 In addition, pa-
tients with interstitial lung disease were excluded from this study 
because they tended to have a poor prognosis due to the limited 
availability of chemotherapy regimens.24,25

2.2 | Treatment and assessments

The tumor stage was assessed using thoracic and abdominal com-
puted tomography (CT) scan, positron emission tomography with 
fludeoxyglucose F18 integrated with CT (PET-CT), and brain magnetic 
resonance imaging (MRI). In all eligible patients, metastatic lesions 
were diagnosed independently by thoracic oncologists and radiolo-
gists. Each lesion was counted separately and contributed to the total 
number of metastatic lesions. Based on a previous study, any meta-
static thoracic lymph nodes (N1-N3), including those in the supra-
clavicular fossae, were collectively considered as a single lesion.15,26 
PD was identified by reviewing follow-up radiological imaging with 
CT, MRI, or PET-CT after initiation of platinum-based chemotherapy. 
Eligible patients were required to have at least one available imag-
ing report after initiation of platinum-based chemotherapy. Tumor 
responses were classified in accordance with RECIST version 1.1.27 
Patients showing PD were included in the analysis to determine the 
cut-off threshold for the number of metastases, and they were classi-
fied in accordance with the pattern of initial PD as follows: PD in the 
initially involved sites alone without development of new metastatic 
lesions, PD in new sites, or PD in both initially involved and new sites.

2.3 | Statistical analyses

The cut-off threshold for the number of metastases was determined 
using ROC curve analyses of the occurrence of PD in the initially 
involved sites alone, without the development of new metastatic le-
sions as a function of the number of metastatic lesions.

To determine the optimal cut-off threshold, we determined the 
number of metastases that produced the maximum sum of sensitivity 
and specificity. Subsequently, we divided patients into synchronous 
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oligometastatic NSCLC and non-oligometastatic NSCLC groups. PFS 
was calculated from the initiation of first-line platinum-based che-
motherapy to the first evidence of disease progression or death from 
any cause. The OS was calculated from the initiation of first-line 
platinum-based chemotherapy to death from any cause. The end of 
the follow-up period was February 6, 2020. All categorical variables 
were analyzed using Fisher exact test, while continuous variables 
were analyzed using Wilcoxon rank sum test. The median PFS and 
OS were estimated using the Kaplan-Meier method and compared 
using log-rank test. Potential predictive factors for PD in the initially 
involved sites alone were assessed using univariate and multivariate 
analyses with a logistic regression model. Potential risk factors were 
assessed using univariate and multivariate analyses with a Cox pro-
portional hazards model for PFS and OS. Covariates in the univari-
ate analysis included age (≥70 vs <70 y), sex, smoking status, ECOG 
PS, histology findings (non-squamous vs squamous), nodal stage 
(0-1 vs 2-3), palliative local therapy status, central nervous system 
(CNS) metastases, number of distant metastatic organs (1 vs 2), and 
oligometastatic status. Factors with univariate P-values of <.1 were 
included in multivariate analyses. Differences with P-values <.05 
were considered to be statistically significant. All analyses were per-
formed with STATA version 14.0 (Stata Corp., Texas, USA).

3  | RESULTS

3.1 | Patient characteristics

From 829 eligible patients, we excluded 253 with EGFR/ALK/
ROS1 gene aberrations, 57 with interstitial lung disease, 96 with 

postoperative recurrence, 55 with ECOG PS scores of ≥2, and 101 
with malignant pleural and pericardial effusion; another 89 patients 
were excluded for other reasons (Figure 1). Ultimately, 178 patients 
were included in this study. PET-CT and brain MRI were performed 
for all of them at diagnosis. The median patient age was 66 y (range 
40-80 y). Almost 80% of patients were male, smokers, or had non-
squamous NSCLC histology.

3.2 | Pattern of initial PD

The median follow-up time was 36 mo. PD was observed in 175 pa-
tients (98%), the incidences of which in the initially involved sites 
alone were 2 in all 2 patients with 1 metastasis (100%), 30 in 32 
patients with 2 metastases (94%), 23 in 24 patients with 3 metas-
tases (96%), 1 in 11 patients with 4 metastases (9%), 1 in 6 patients 
with 5 metastases (16%), none in 8 patients with 6 metastases (0%), 
none in 3 patients with 7 metastases (0%), none in 3 patients with 
8 metastases (0%), none in 2 patients with 9 metastases (0%), and 7 
in 84 patients with ≥10 metastases (8%) (Figure 2). PD in the initially 
involved site alone was more frequently observed in patients with 
1-3 metastases compared with in patients of other groups. Based 
on the ROC analysis of PD in the initially involved sites alone per 
number of metastases, the optimal threshold for the number of me-
tastases was 3, with a sensitivity of 85.9% and specificity of 97.3% 
(area under the curve, 0.91; 95% CI, 0.86-0.97; Figure 3). Therefore, 
we defined synchronous oligometastatic and non-oligometastatic 
NSCLCs as applicable to patients with 1-3 and ≥4 metastases, re-
spectively. These definitions were used to divide patients into the 
oligometastatic NSCLC and non-oligometastatic NSCLC groups.

F I G U R E  1   Study flowchart. ECOG, 
Eastern Cooperative Oncology Group; 
PD-L1, programmed death-ligand 1; PS, 
performance status
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We investigated several factors present at the time of diagnosis 
to identify the clinical characteristics predictive of PD in the ini-
tially involved sites alone. As shown in Table 1, univariable logistic 
regression analysis revealed that being a smoker (odds ratio [OR], 
4.74; 95% CI, 1.35-16.6; P= 0.015), having one distant metastatic 
organ (OR, 10.4; 95% CI, 4.87-22.4; P < .001), and having oligomet-
astatic NSCLC (OR, 220.0; 95% CI, 57.2-845.5; P < .001) were sig-
nificantly associated with PD at the initially involved sites alone. 
Concurrently, being male (OR, 2.36; 95% CI, 0.96-3.03; P =  .061) 
and having no initial CNS metastasis (OR, 1.96; 95% CI, 0.94-4.05; 
P  =  .069) were associated with PD at the initially involved sites 
alone. Multivariate logistic regression analyses demonstrated that 
an oligometastatic state (OR, 165.7; 95% CI, 36.7-748.5; P <  .001) 
was the only independent predictor of PD at the initially involved 
sites alone.

3.3 | Comparisons between 
oligometastatic and non-oligometastatic NSCLC

The clinical characteristics of patients in both groups are summa-
rized in Table 2. The distribution of smoking status (P = .042) and 
history of palliative local therapy before chemotherapy (P = .021) 
differed significantly between the oligometastatic NSCLC and 
non-oligometastatic NSCLC groups. The predominant distant 
metastatic organs also differed between the groups because bone, 
brain, lung, liver, and pleura metastases were more common in the 
non-oligometastatic compared with in the oligometastatic group. 
Eighty-nine percent of patients in the oligometastatic NSCLC 
group had 1 distant metastatic organ, while 69% of patients in 
the non-oligometastatic NSCLC group had ≥2 distant metastatic 
organs.

The objective response rate (ORR) for all patients was 30%. 
Patients with oligometastatic NSCLC tended to have better ORR 
compared with those with non-oligometastatic NSCLC (39% vs 
25%, P  =  .059). The median PFS was 5.5  mo (95% CI, 4.2-6.0) 
in the oligometastatic NSCLC group vs 3.4 mo (95% CI, 2.9-4.4) 
in the non-oligometastatic NSCLC group. PFS was significantly 
longer in patients with oligometastatic NSCLC compared with 
in those with non-oligometastatic NSCLC (hazard ratio [HR] for 
disease progression or death, 0.64; 95% CI, 0.46-0.87; P = .005; 
Figure  4A). In multivariable PFS analyses, the oligometastatic 
state (HR, 0.65; 95% CI, 0.45-0.94; P =  .023) and no initial CNS 
metastases (HR, 0.70; 95% CI, 0.50-0.99; P = .042) were indepen-
dent and favorable prognostic factors. Finally, an ECOG PS score 
of 0 tended to be a favorable prognostic factor (HR, 0.74; 95% CI, 
0.53-1.03; P = .070; Table 3).

Median OS was 23.0  mo (95% CI, 16.2-30.8) in the oligomet-
astatic NSCLC group vs 10.9  mo (95% CI, 9.1-13.6) in the non-oli-
gometastatic NSCLC group. OS was significantly longer in patients 
with oligometastatic NSCLC compared with in those with non-oligo-
metastatic NSCLC (HR for death, 0.51; 95% CI, 0.36-0.73; P < .001; 
Figure  4B). In multivariable OS analyses, the oligometastatic state 
was an independent and favorable prognostic factor (HR, 0.51; 95% 

F I G U R E  2   Incidence rate of 
progressive disease at the initially involved 
sites alone, shown per metastasis site. PD, 
progressive disease

F I G U R E  3   Receiver operating characteristic curve analyses 
for predicting disease progression at the initially involved sites 
alone per number of metastases. The optimal cut-off threshold for 
the number of metastases was 3, with a sensitivity of 85.9% and 
specificity of 97.3% (area under the curve, 0.91; 95% CI, 0.86-0.97)
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CI, 0.34-0.77; P = .001), as was the ECOG PS score of 0 (HR, 0.61; 
95% CI, 0.43-0.86; P = .005; Table 4).

4  | DISCUSSION

This retrospective study identified a cut-off threshold for the maxi-
mum number of metastases, proposing that NSCLC could be defined 
as a synchronous oligometastatic disease based on PD patterns 
observed in 175 patients with advanced NSCLC. To the best of our 
knowledge, this is the first study to propose such a threshold, based 
on patterns of initial progression after systemic therapy. Our ROC 
analysis revealed that the cut-off threshold for the maximum num-
ber of metastases predicting PD in the initially involved sites alone 
was 3. Multivariate logistic regression analyses confirmed that no 
clinical factor except oligometastatic state was an independent pre-
dictor of initial PD patterns.

Synchronous oligometastatic NSCLC has been defined dif-
ferently in previous trials or guidelines; such definitions included 
1 metastasis in 1 organ,20 1-3 metastases,12,14,15,19,28,29 and 1-5 
metastases.11,16,21 The standardized definition for synchronous 
oligometastatic NSCLC has not been formulated.18 An ongoing 
phase III trial defines patients with synchronous oligometastatic 
NSCLC as those with 1-3 metastases.28 Furthermore, a survey 
by the European Organization for Research and Treatment of 
Cancer has shown that the maximum number of metastases 
considered indicative of a synchronous oligometastatic state 
in NSCLC varies; 19%, 42%, 4%, and 17% of the respondents 

claimed that the maximum number of metastatic lesions was ≤2, 
3, 4, and ≥5, respectively.29 Our findings showed that 1-3 me-
tastases appeared to be an acceptable criterion for synchronous 
oligometastatic NSCLC.

Our study findings are consistent with those of previous stud-
ies that have shown the dominant pattern of PD in patients with 
synchronous oligometastatic NSCLC after systemic chemother-
apy was PD at the initially involved sites alone.5,6 The oligomet-
astatic state was described as an intermediate state of cancer 
spread between localized disease and widespread metastases.4 
PD in the initially involved sites alone indicated that the oligomet-
astatic state remained confined to localized disease. Therefore, 
we considered it appropriate to use the patterns of initial PD to 
determine the criteria for defining a synchronous oligometastatic 
NSCLC.

Our study also revealed that patients with oligometastatic 
NSCLC had a better prognosis compared with those with non-oli-
gometastatic NSCLC. Likewise, a previous retrospective study 
showed that patients with oligometastatic NSCLC had a better 
OS compared with those with multiple metastases.12 This survival 
difference was consistent with data from previous trials by the 
Southwest Oncology Group, in which multivariate analyses re-
vealed that an oligometastatic state was strongly associated with 
significantly prolonged OS.30 The ECOG PS has also been found 
to be a significant prognostic factor in several previous studies 
that performed multivariable analyses.31 A synchronous oligomet-
astatic NSCLC may reflect a more indolent phenotype than does 
widespread metastatic disease.12,30,32

Covariates

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age (<70 y vs ≥70 y) 1.15 0.56-2.36 .693

Sex (male vs female) 2.36 0.96-3.03 .061 2.39 0.33-17.6 .389

ECOG performance status 
score (0 vs 1)

1.45 0.76-2.77 .257

Smoking status (ever vs 
never)

4.74 1.35-16.6 .015 3.36 0.31-36.9 .321

Histology (squamous vs 
non-squamous)

1.10 0.46-2.59 .828

T stage (1-2 vs 3-4) 1.64 0.88-3.05 .116

Nodal stage (0-1 vs 2-3) 1.44 0.73-2.84 .283

LPT before systemic 
therapy (no vs yes)

1.46 0.72-2.96 .292

CNS metastases (no vs yes) 1.96 0.94-4.05 .069 1.12 0.28-4.42 .873

Number of metastatic 
organ (1 vs ≥2)

10.4 4.87-22.4 <.001 1.67 0.44-6.27 .447

Oligometastatic vs non-
oligometastatic NSCLC

220.0 57.2-845.5 <.001 165.7 36.7-748.5 <.001

Note: Significant P-values are shown in bold type.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group, LPT, local 
palliative therapy; OR, odds ratio.

TA B L E  1   Association between patient 
characteristics and progression at the 
initially involved sites alone using a logistic 
regression model adjusted for patient 
characteristics (n = 175)
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TA B L E  2   Characteristics of patients with oligometastatic NSCLC and non-oligometastatic NSCLC patients at baseline (n = 178)

Characteristics Oligometastatic NSCLC (n = 61) Non-oligometastatic NSCLC (n = 117) P

Age (range) 65 (40-77) 66 (41-80) .507

Gender Male 53 (87%) 92 (79%) .224

Female 8 (13%) 25 (21%)

ECOG PS 0 26 (43%) 35 (30%) .099

1 35 (57%) 82 (70%)

Smoking status Ever 57 (93%) 96 (82%) .042

Never 4 (7%) 21 (18%)

Histology Non-squamous 48 (79%) 101 (85%) .205

Squamous 13 (21%) 16 (14%)

Palliative local therapy 
before systemic therapy

Yes 10 (16%) 39 (33%) .021

No 51 (84%) 78 (67%)

T T1 16 (26%) 20 (17%) .118

T2 18 (30%) 31 (27%)

T3 16 (26%) 25 (21%)

T4 11 (18%) 40 (34%)

TX 0 (0%) 1 (1%)

N N0 10 (16%) 19 (16%) .569

N1 9 (15%) 11 (10%)

N2 19 (31%) 32 (27%)

N3 23 (38%) 55 (47%)

Distant metastatic organ

Bone 14 (23%) 56 (48%) .001

Adrenal grand 16 (26%) 30 (26%) 1.000

Extra-thoracic lymph node 12 (20%) 20 (17%) .685

Brain 12 (20%) 39 (33%) .080

Pulmonary 5 (8%) 54 (46%) <.001

Liver 4 (7%) 23 (20%) .026

Pleura 0 14 (12%) .003

Others 3 (5%) 25 (21%) .004

Number of distant metastatic organs

1 54 (89%) 36 (31%)

2 7 (11%) 40 (34%)

3 0 25 (21%)

4 0 10 (9%)

5 0 5 (4%)

6 0 0

7 0 1 (1%)

Number of metastases

1 2 (3%) 0

2 34 (56%) 0

3 25 (41%) 0

4 0 11 (9%)

5 0 6 (5%)

6 0 8 (7%)

7 0 3 (3%)

(Continues)
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Characteristics Oligometastatic NSCLC (n = 61) Non-oligometastatic NSCLC (n = 117) P

8 0 3 (3%)

9 0 2 (2%)

≥10 0 84 (71%)

Note: Significant P-values are shown in bold type. ‘Oligometastatic’ refers to synchronous oligometastatic disease.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; N, regional lymph node involvement; PS, performance status; T, primary tumor.

TA B L E  2   (Continued)

F I G U R E  4   Kaplan-Meier curves for progression-free survival (A) and overall survival (B), in accordance with oligometastatic state. 
P-values were calculated using the log-rank test. CI, confidence interval; Oligo, oligometastatic. Small vertical lines on the curve indicate 
patients who were censored

Covariates

Univariate analysis Multivariate analysis

HR 95% CI
P-
value HR 95% CI

P-
value

Age (<70 y vs ≥70 y) 0.76 0.54-1.07 .127

Gender (female vs male) 0.60 0.41-0.89 .013 0.68 0.43-1.06 .087

ECOG performance status 
score (0 vs 1)

0.63 0.45-0.87 .005 0.74 0.53-1.03 .070

Smoking status (never vs 
ever)

0.57 0.37-0.89 .032 0.70 0.42-1.17 .142

Histology (non-squamous vs 
squamous)

1.21 0.79-1.84 .365

T stage (1-2 vs 3-4) 0.73 0.54-1.00 .054 0.87 0.63-1.20 .418

Nodal stage (0-1 vs 2-3) 0.84 0.60-1.17 .311

LPT before systemic therapy 
(no vs yes)

0.79 0.75-1.11 .186

CNS metastases (no vs yes) 0.64 0.45-0.88 .008 0.70 0.50-0.99 .042

Number of metastatic organ 
(1 vs ≥2)

0.63 0.46-0.86 .004 0.87 0.60-1.25 .460

Oligometastatic vs non-
oligometastatic NSCLC

0.64 0.46-0.87 .006 0.65 0.45-0.94 .023

Note: Significant P-values are shown in bold type.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard 
ratio; LPT, local palliative therapy.

TA B L E  3   Univariable and multivariable 
analyses of covariates for progression-free 
survival (n = 178)
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There were some limitations to our study. First, our analysis was 
limited by its retrospective nature and our inability to account for 
unknown confounders. Our study results were based on only 21.5% 
(n = 178) of patients with advanced NSCLC who received first-line 
platinum-based chemotherapy. Although not all patients had under-
gone comprehensive imaging at the time of disease progression, the 
patients were categorized based on all available imaging findings. 
Moreover, the cut-off threshold was determined from a cohort de-
rived from a single institution and was not validated independently. 
Further multicenter studies with larger samples are required to val-
idate our findings. Because previously there have been no specific 
criteria with which to define synchronous oligometastatic NSCLC, 
the approach shown in this study might be helpful in future investi-
gations of synchronous oligometastatic NSCLC.

Although the present study proposed to define oligometastatic 
NSCLC as that with 1-3 metastases, the number of metastases might 

be a crude marker of compartmentalizing oligometastatic NSCLC. 
Further translational research into the definition of oligometastatic 
NSCLC is required.

Previous trials have suggested a benefit of LAT to all disease 
sites in patients with oligometastatic NSCLC with EGFR mutation.17 
Patients with EGFR mutated NSCLC had prolonged PFS and OS com-
pared with those without EGFR mutation.33 Concurrently, a separate 
report has shown no significant association between the number of 
metastases and patterns of initial PD in patients with EGFR-mutant 
NSCLC,34 suggesting that a different approach might be required to 
explore the pattern of initial PD in EGFR tyrosine kinase inhibitors.

Recently, anti-programmed death 1/programmed death-ligand 1 
(PD-1/PD-L1) inhibitors have transformed the treatment for patients 
with advanced NSCLC.35,36 Various studies have revealed that LAT 
to multiple sites of disease could enhance the efficacy of PD-1/
PD-L1 inhibitors.37-40 Several trials are currently ongoing that are 

Covariates

Univariate analysis Multivariate analysis

HR 95% CI
P-
value HR 95% CI

P-
value

Age (<70 y vs ≥70 y) 0.87 0.59-1.27 .491

Gender (female vs male) 0.71 0.46-1.09 .126

ECOG performance status 
score (0 vs 1)

0.61 0.43-0.86 .005 0.61 0.43-0.86 .005

Smoking status (never vs 
ever)

0.60 0.35-1.02 .122

Histology (non-squamous vs 
squamous)

1.19 0.74-1.91 .470

T stage (1-2 vs 3-4) 0.82 0.59-1.14 .260

Nodal stage (0-1 vs 2-3) 0.71 0.49-1.03 .074 0.74 0.51-1.09 .138

LPT before systemic therapy 
(no vs yes)

1.04 0.72-1.48 .758

Brain metastases (no vs yes) 0.90 0.65-1.25 .528

Number of metastatic organ 
(1 vs ≥2)

0.66 0.48-0.92 .015 1.02 0.70-1.50 .881

Oligometastatic vs non-
oligometastatic NSCLC

0.51 0.36-0.73 <.001 0.51 0.34-0.77 .001

Note: Significant P-values are shown in bold type.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard 
ratio; LPT, local palliative therapy.

TA B L E  4   Univariable and multivariable 
analyses of covariates for survival 
outcomes

TA B L E  5   Trials of PD-1/PD-L1 inhibitors for oligometastatic NSCLC

Trial Eligibility criteria
Study 
design

Primary 
outcome Treatment

NCT03275597 ≤6 metastatic lesions Phase I Safety Durvalumab/Tremelimumab with SBRT 
(30-50 Gy in 5 fractions) to all sites

NCT03965468 ≤3 metastatic lesions Phase II OS Durvalumab + Carboplatin + Paclitaxel 
followed by SBRT to all sites

NCT03774732 ≤6 metastatic lesions Phase III OS PD-1/PD-L1 Inhibitors with concurrent 
irradiation to all sites

Abbreviations: NSCLC, non–small-cell lung cancer; OS, overall survival; PD-1, programmed cell death 1; PD-L1, programmed death-ligand 1; SBRT, 
stereotactic body radiotherapy.
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investigating the feasibility and efficacy of radiotherapy combined 
with PD-1/PD-L1 inhibitors for patients with oligometastatic NSCLC 
(Table 5). Subsequent studies should aim to elucidate the pattern of 
initial PD in patients treated with PD-1/PD-L1 inhibitors.

In conclusion, our study has proposed that patients with syn-
chronous oligometastatic NSCLC are those with 1-3 metastases, 
based on initial progression patterns. Patients with synchronous 
oligometastatic disease may experience a more indolent disease 
course compared with patients with non-oligometastatic NSCLC. 
The result of our study might be contributory to provide a common 
definition of synchronous oligometastatic NSCLC.

ACKNOWLEDG MENTS
We thank Editage (https://www.edita​ge.jp) for editing this 
manuscript.

DISCLOSURE
Dr. Kenmotsu reports grants and personal fees from AstraZeneca, 
Chugai Pharmaceutical, and Boehringer Ingelheim, and personal 
fees from Ono Pharmaceutical, Eli Lilly, Kyowa Hakko Kirin, Bristol-
Myers Squibb, MSD, Novartis Pharma, and Taiho Pharmaceutical. 
Dr. Murakami reports grants and personal fees from AstraZeneca 
and Chugai Pharmaceutical, and grants from Daiichi Sankyo 
Pharmaceutical, Eli Lilly, Takeda Pharmaceutical, Astellas Pharma, 
IQVIA Japan, and AbbVie. Dr. Harada reports personal fees from 
AstraZeneca. Dr. Endo reports personal fees from AstraZeneca. Dr. 
Kazuhisa Takahashi from reports grants and personal fees AstraZeneca, 
Chugai Pharmaceutical, Boehringer Ingelheim, MSD and Bristol-Myers 
Squibb, and grants from Eli Lilly, and Ono Pharmaceutical, Astellas 
Pharma, Eli Lilly, Ono Pharmaceutical, KYORIN Pharmaceutical, 
SHIONOGI, Taiho Pharmaceutical, Novartis Pharma, Pfizer, Actelion 
Pharmaceutical, GlaxoSmithKline Consumer Healthcare, Sanofi, and 
Bayer Yakuhin. Dr. Toshiaki Takahashi reports grants and personal 
fees from AstraZeneca, Chugai Pharmaceutical and Eli Lilly, and grants 
from MSD, Pfizer, and Amgen. Other authors have nothing to disclose.

ORCID
Kazushige Wakuda   https://orcid.org/0000-0002-6369-2388 
Hirotsugu Kenmotsu   https://orcid.org/0000-0003-0590-9259 
Haruyasu Murakami   https://orcid.org/0000-0003-2416-546X 

R E FE R E N C E S
	 1.	 Socinski MA, Bondarenko I, Karaseva NA, et al. Weekly nab-pa-

clitaxel in combination with carboplatin versus solvent-based 
paclitaxel plus carboplatin as first-line therapy in patients with 
advanced non–small-cell lung cancer: final results of a phase III 
trial. J Clin Oncol. 2012;30:2055-2062. https://doi.org/10.1200/
JCO.2011.39.5848

	 2.	 Shukuya T, Yamanaka T, Seto T, et al. Nedaplatin plus docetaxel 
versus cisplatin plus docetaxel for advanced or relapsed squamous 
cell carcinoma of the lung (WJOG5208L): a randomized, open-la-
bel, phase 3 trial. Lancet Oncol. 2015;16:1630-1638. https://doi.
org/10.1016/S1470​-2045(15)00305​-8

	 3.	 Ciuleanu T, Brodowicz T, Zielinski C, et al. Maintenance pemetrexed 
plus best supportive care versus placebo plus best supportive care 

for non-small-cell lung cancer: a randomized, double-blind, phase 
3 study. Lancet. 2009;374:1432-1440. https://doi.org/10.1016/
S0140​-6736(09)61497​-5

	 4.	 Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 
1995;13:8-10. https://doi.org/10.1200/JCO.1995.13.1.8

	 5.	 Rusthoven KE, Hammerman SF, Kavanagh BD, Birtwhistle MJ, 
Stares M, Camidge DR. Is there a role for consolidative stereotac-
tic body radiation therapy following first-line systemic therapy 
for metastatic lung cancer? A patterns-of-failure analysis. Acta 
Oncol. 2005;48:578-583. https://doi.org/10.1080/02841​86080​
2662722

	 6.	 Mehta N, Mauer AM, Hellman S, et al. Analysis of further disease 
progression in metastatic non-small cell lung cancer: implications 
for locoregional treatment. Int J Oncol. 2004;25:1677-1683. https://
doi.org/10.3892/ijo.25.6.1677

	 7.	 Yachida S, Jones S, Bozic I, et al. Distant metastasis occurs late during 
the genetic evolution of pancreatic cancer. Nature. 2010;467:1114-
1117. https://doi.org/10.1038/natur​e09515

	 8.	 Weichselbaum RR, Hellman S, et al. Oligometastases revisited. 
Nature Reviews. Clin Oncol (R Coll Radiol). 2011;8:378-382. https://
doi.org/10.1038/nrcli​nonc.2011.44

	 9.	 Kim C, Hoang CD, Kesarwala AH, Schrump DS, Guha U, Rajan 
A. Role of local ablative therapy in patients with oligometastatic 
and oligoprogressive non–small cell lung cancer. J Thorac Oncol. 
2017;12:179-193. https://doi.org/10.1016/j.jtho.2016.10.012

	10.	 Lopez Guerra JL, Gomez D, Zhuang Y, et al. Prognostic impact 
of radiation therapy to the primary tumor in patients with non-
small cell lung cancer and oligometastasis at diagnosis. Int J Radiat 
Oncol Biol Phys. 2012;84:e61-e67. https://doi.org/10.1016/j.
ijrobp.2012.02.054

	11.	 Griffioen GH, Toguri D, Dahele M, et al. Radical treatment of syn-
chronous oligometastatic non-small cell lung carcinoma (NSCLC): 
patient outcomes and prognostic factors. Lung Cancer. 2013;82:95-
102. https://doi.org/10.1016/j.lungc​an.2013.07.023

	12.	 Parikh RB, Cronin AM, Kozono DE, et al. Definitive primary ther-
apy in patients presenting with oligometastatic non-small cell lung 
cancer. Int J Radiat Oncol Biol Phys. 2014;89:880-887. https://doi.
org/10.1016/j.ijrobp.2014.04.007

	13.	 De Ruysscher D, Wanders R, van Baardwijk A, et al. Radical treat-
ment of non–small-cell lung cancer patients with synchronous 
oligometastases: long-term results of a prospective phase II trial 
(Nct01282450). J Thorac Oncol. 2012;7:1547-1555. https://doi.
org/10.1097/JTO.0b013​e3182​62caf6

	14.	 Gomez DR, Blumenschein GR, Lee JJ, et al. Local consolidative ther-
apy versus maintenance therapy or observation for patients with 
oligometastatic non-small-cell lung cancer without progression 
after first-line systemic therapy: a multicenter, randomized, con-
trolled, phase 2 study. Lancet Oncol. 2016;17:1672-1682. https://
doi.org/10.1016/S1470​-2045(16)30532​-0

	15.	 Gomez DR, Tang C, Heymach JV, et al. Local consolidative ther-
apy vs. maintenance therapy or observation for patients with 
oligometastatic non–small-cell lung cancer: long-term re-
sults of a multi-institutional, phase II, randomized study. J Clin 
Oncol. 2019;37:1558-1565. https://doi.org/10.1016/S1470​
-2045(16)30532​-0

	16.	 Iyengar P, Wardak Z, Gerber DE, et al. Consolidative radiotherapy 
for limited metastatic non-small-cell lung cancer: a phase 2 ran-
domized clinical trial. JAMA Oncol. 2018;4:e173501. https://doi.
org/10.1001/jamao​ncol.2017.3501

	17.	 Petrelli F, Ghidini A, Cabiddu M, et al. Addition of radiotherapy to 
the primary tumor in oligometastatic NSCLC: a systematic review 
and meta-analysis. Lung Cancer. 2018;126:194-200. https://doi.
org/10.1016/j.lungc​an.2018.11.017

	18.	 Giaj-Levra N, Giaj-Levra M, Durieux V, et al. Defining synchronous 
oligometastatic non–small cell lung cancer: a systematic review. 

https://www.editage.jp
https://orcid.org/0000-0002-6369-2388
https://orcid.org/0000-0002-6369-2388
https://orcid.org/0000-0003-0590-9259
https://orcid.org/0000-0003-0590-9259
https://orcid.org/0000-0003-2416-546X
https://orcid.org/0000-0003-2416-546X
https://doi.org/10.1200/JCO.2011.39.5848
https://doi.org/10.1200/JCO.2011.39.5848
https://doi.org/10.1016/S1470-2045(15)00305-8
https://doi.org/10.1016/S1470-2045(15)00305-8
https://doi.org/10.1016/S0140-6736(09)61497-5
https://doi.org/10.1016/S0140-6736(09)61497-5
https://doi.org/10.1200/JCO.1995.13.1.8
https://doi.org/10.1080/02841860802662722
https://doi.org/10.1080/02841860802662722
https://doi.org/10.3892/ijo.25.6.1677
https://doi.org/10.3892/ijo.25.6.1677
https://doi.org/10.1038/nature09515
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1016/j.jtho.2016.10.012
https://doi.org/10.1016/j.ijrobp.2012.02.054
https://doi.org/10.1016/j.ijrobp.2012.02.054
https://doi.org/10.1016/j.lungcan.2013.07.023
https://doi.org/10.1016/j.ijrobp.2014.04.007
https://doi.org/10.1016/j.ijrobp.2014.04.007
https://doi.org/10.1097/JTO.0b013e318262caf6
https://doi.org/10.1097/JTO.0b013e318262caf6
https://doi.org/10.1016/S1470-2045(16)30532-0
https://doi.org/10.1016/S1470-2045(16)30532-0
https://doi.org/10.1016/S1470-2045(16)30532-0
https://doi.org/10.1016/S1470-2045(16)30532-0
https://doi.org/10.1001/jamaoncol.2017.3501
https://doi.org/10.1001/jamaoncol.2017.3501
https://doi.org/10.1016/j.lungcan.2018.11.017
https://doi.org/10.1016/j.lungcan.2018.11.017


368  |     MIYAWAKI et al.

J Thorac Oncol. 2019;14:2053-2061. https://doi.org/10.1016/j.
jtho.2019.05.037

	19.	 Planchard D, Popat S, Kerr K, et al. Metastatic non-small cell lung 
cancer: ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2018;29:iv192-iv237. https://doi.
org/10.1093/annon​c/mdy275

	20.	 Goldstraw P, Chansky K, Crowley J, et al. The IASLC lung cancer 
staging project: proposals for revision of the TNM stage groupings 
in the forthcoming (eighth) edition of the TNM classification for lung 
cancer. J Thorac Oncol. 2016;11:39-51. https://doi.org/10.1016/j.
jtho.2015.09.009

	21.	 Dingemans A, Hendriks L, Berghmans T, et al. Definition of synchro-
nous oligometastatic non-small cell lung cancer-a consensus report. 
J Thorac Oncol. 2019;14:2109-2119. https://doi.org/10.1016/j.
jtho.2019.07.025

	22.	 Gornik HL, Gerhard-Herman M, Beckman JA. Abnormal cytology 
predicts poor prognosis in cancer patients with pericardial effu-
sion. J Clin Oncol. 2005;23:5211-5216. https://doi.org/10.1200/
JCO.2005.00.745

	23.	 Ryu JS, Ryu HJ, Lee SN, et al. Prognostic impact of minimal pleural 
effusion in non-small-cell lung cancer. J Clin Oncol. 2014;32:960-
967. https://doi.org/10.1200/JCO.2013.50.5453

	24.	 Wang Y, Miao L, Hu Y, Zhou Y. The efficacy and safety of first-
line chemotherapy in patients with non-small cell lung cancer 
and interstitial lung disease: a systematic review and meta-analy-
sis. Medicine (Baltimore). 2020;10:1636. https://doi.org/10.3389/
fonc.2020.01636

	25.	 Chen YJ, Chen LX, Han MX, Zhang TS, Zhou ZR, Zhong DS. The 
efficacy and safety of chemotherapy in patients with nonsmall 
cell lung cancer and interstitial lung disease: a PRISMA-compliant 
bayesian meta-analysis and systematic review. Medicine (Baltimore). 
2015;94:e1451. https://doi.org/10.1097/MD.00000​00000​001451

	26.	 Rusch VW, Asamura H, Watanabe H, Giroux DJ, Rami-Porta R, 
Goldstraw P. The IASLC Lung Cancer Staging Project: a proposal 
for a new international lymph node map in the forthcoming seventh 
edition of the TNM Classification for Lung Cancer. J Thorac Oncol. 
2009;4(5):568-577. https://doi.org/10.1097/JTO.0b013​e3181​
a0d82e

	27.	 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response eval-
uation criteria in solid tumors: revised RECIST guideline (version 
1.1). Eur J Cancer. 2009;45:228-247. https://doi.org/10.1016/j.
ejca.2008.10.026

	28.	 Conibear J, Chia B, Ngai Y, et al. Study protocol for the SARON 
trial: a multicenter, randomized controlled phase III trial comparing 
the addition of stereotactic ablative radiotherapy and radical ra-
diotherapy with standard chemotherapy alone for oligometastatic 
non-small cell lung cancer. BMJ Open. 2018;8:e020690. https://doi.
org/10.1136/bmjop​en-2017-020690

	29.	 Levy A, Hendriks L, Berghmans T, et al. MA25.01 EORTC Lung 
Cancer Group survey to define synchronous oligometastatic 

disease in NSCLC. J Thorac Oncol. 2018;13:S445-S446. https://doi.
org/10.1016/j.jtho.2018.08.529

	30.	 Albain KS, Crowley JJ, LeBlanc M, Livingston RB. Survival determi-
nants in extensive-stage non-small-cell lung cancer: the Southwest 
Oncology Group Experience. J Clin Oncol. 1991;9:1618-1626. 
https://doi.org/10.1200/JCO.1991.9.9.1618

	31.	 John HS, David H, David HJ, et al. Comparison of four chemother-
apy regimens for advanced non–small-cell lung cancer. N Engl J Med. 
2002;346:92-98. https://doi.org/10.1056/NEJMo​a011954

	32.	 Oh Y, Taylor S, Bekele BN, et al. Number of metastatic sites is a 
strong predictor of survival in patients with non-small cell lung 
cancer with or without brain metastases. Cancer. 2009;115:2930-
2938. https://doi.org/10.1002/cncr.24333

	33.	 Remon J, Ahn MJ, Girard N, et al. Advanced-Stage Non-Small Cell 
Lung Cancer: Advances in Thoracic Oncology 2018. J Thorac Oncol. 
2019;14(7):1134-1155. https://doi.org/10.1016/j.jtho.2019.03.022

	34.	 Patel SH, Rimner A, Foster A, et al. Patterns of initial and intracra-
nial failure in metastatic EGFR-mutant non-small cell lung cancer 
treated with erlotinib. Lung Cancer. 2017;108:109-114. https://doi.
org/10.1016/j.lungc​an.2017.03.010

	35.	 Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab 
versus chemotherapy for PD-L1–positive non–small-cell lung can-
cer. N Engl J Med. 2016;375:1823-1833. https://doi.org/10.1056/
nejmo​a1606774

	36.	 Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab versus chemother-
apy for previously untreated, PD-L1-expressing, locally advanced or 
metastatic non-small-cell lung cancer (KEYNOTE-042): a randomized, 
open-label, controlled, phase 3 trial. Lancet Oncol. 2019;393:1819-
1830. https://doi.org/10.1016/S0140​-6736(18)32409​-7

	37.	 Demaria S, Golden EB, Formenti SC. Role of local radiation therapy 
in cancer immunotherapy. JAMA Oncol. 2015;1:1325-1332. https://
doi.org/10.1001/jamao​ncol.2015.2756

	38.	 Postow MA, Callahan MK, Barker CA, et al. Immunologic correlates 
of the abscopal effect in a patient with melanoma. N Engl J Med. 
2012;366:925-931. https://doi.org/10.1056/NEJMo​a1112824

	39.	 Huang AC, Postow MA, Orlowski RJ, et al. T cell invigoration to 
tumor burden ratio associated with anti- PD-1 response. Nature. 
2017;545:60-65. https://doi.org/10.1038/natur​e22079

	40.	 Brooks ED, Chang JY. Time to abandon single-site irradiation for 
inducing abscopal effects. Nat Rev Clin Oncol. 2019;16:123-135. 
https://doi.org/10.1038/s4157​1-018-0119-7

How to cite this article: Miyawaki T, Wakuda K, Kenmotsu H, 
et al. Proposing synchronous oligometastatic non–small-cell 
lung cancer based on progression after first-line systemic 
therapy. Cancer Sci. 2021;112:359–368. https://doi.
org/10.1111/cas.14707

https://doi.org/10.1016/j.jtho.2019.05.037
https://doi.org/10.1016/j.jtho.2019.05.037
https://doi.org/10.1093/annonc/mdy275
https://doi.org/10.1093/annonc/mdy275
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2019.07.025
https://doi.org/10.1016/j.jtho.2019.07.025
https://doi.org/10.1200/JCO.2005.00.745
https://doi.org/10.1200/JCO.2005.00.745
https://doi.org/10.1200/JCO.2013.50.5453
https://doi.org/10.3389/fonc.2020.01636
https://doi.org/10.3389/fonc.2020.01636
https://doi.org/10.1097/MD.0000000000001451
https://doi.org/10.1097/JTO.0b013e3181a0d82e
https://doi.org/10.1097/JTO.0b013e3181a0d82e
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1136/bmjopen-2017-020690
https://doi.org/10.1136/bmjopen-2017-020690
https://doi.org/10.1016/j.jtho.2018.08.529
https://doi.org/10.1016/j.jtho.2018.08.529
https://doi.org/10.1200/JCO.1991.9.9.1618
https://doi.org/10.1056/NEJMoa011954
https://doi.org/10.1002/cncr.24333
https://doi.org/10.1016/j.jtho.2019.03.022
https://doi.org/10.1016/j.lungcan.2017.03.010
https://doi.org/10.1016/j.lungcan.2017.03.010
https://doi.org/10.1056/nejmoa1606774
https://doi.org/10.1056/nejmoa1606774
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1001/jamaoncol.2015.2756
https://doi.org/10.1001/jamaoncol.2015.2756
https://doi.org/10.1056/NEJMoa1112824
https://doi.org/10.1038/nature22079
https://doi.org/10.1038/s41571-018-0119-7
https://doi.org/10.1111/cas.14707
https://doi.org/10.1111/cas.14707

