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Purpose We aimed to investigate the feasibility of four criteria on oligometastasis (OM) concerning clear survival benefits of local
therapy (LT) during tyrosine kinase inhibitor (TKI) treatment in non-small cell lung cancer (NSCLC).

Materials and Methods This single-center, retrospective study included patients with advanced NSCLC who received LT because of
OM during TKI treatment at Asan Medical Center from January 2011 to December 2020. At the application of LT OM was classified
according to four criteria: TNM, European Organization for Research and Treatment of Cancer Lung Cancer Group (EORTC-LCG),
National Comprehensive Network (NCCN), and ORGAN. We compared survival outcomes between patients with and without OM.

Results The median overall survival of the 117 patients included in the analysis was 70.8 months (95% confidence interval [CI],
56.6 to 85.1). The patients with OM meeting all four criteria (hazard ratio [HR] with 95% CI of TNM criteria 0.24 with 0.10-0.57;
p=0.001, EORTC-LCG criteria 0.34 with 0.17-0.67; p=0.002, NCCN criteria 0.41 with 0.20-0.86; p=0.018 and ORGAN criteria 0.33
with 0.18-0.60; p < 0.001) had significantly longer survival compared with patients who did not after adjusting for confounding fac-
tors. Furthermore, increasing the number of extra-thoracic metastatic organs to two or more were independent predictive factors for
worse survival outcomes (2 organs: HR, 3.51; 95% Cl, 1.01 to 12.14; p=0.048; 3 organs: HR, 4.31; 95% Cl, 0.94 to 19.73; p=0.060;

4 organs: HR, 24.47; 95% Cl, 5.08 to 117.80; p < 0.001).

Conclusion Patients with OM defined by all four criteria showed prognostic benefits from LT during TKI therapy.
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Introduction

Oligometastatic cancer is an intermediate state of malig-
nant neoplasm with the potential to range from localized to
widely disseminated disease states [1]. Most patients with
non-small cell lung cancer (NSCLC) are also diagnosed with
metastatic disease [2]. Furthermore, oligometastasis (OM)
can develop as a result of acquired resistance during tyros-
ine kinase inhibitor (TKI) treatment in patients with meta-
static NSCLC [3]. This pattern of progression was observed
in 38.0% of patients with advanced NSCLC who received
epidermal growth factor receptor (EGFR)-TKIs [4]. For these
patients, local therapy (LT) with EGFR TKI maintenance is a
reasonable option with significantly improved clinical ben-
efit [5].

The definition of oligometastatic NSCLC has varied wide-
ly across several studies [6]. Traditionally, OM was broadly
defined as a state of limited metastatic tumor burden, with
one or several sites of metastasis [7]. However, these criteria

have now increased to span the number of metastatic lesions,
organs involved, or specific sites [8]. The National Compre-
hensive Network (NCCN) treatment guidelines recommend
LT for patients with limited metastatic disease, ranging from
three to five metastases [9]. On the other hand, the European
Organization for Research and Treatment of Cancer Lung
Cancer Group (EORTC-LCG) has defined OM as metastatic
status at one to five sites and up to three organs [10]. The lack
of universal criteria for OM has posed significant challeng-
es in determining treatment paradigms for specific patient
groups [11]. We therefore analyzed the feasibility of the cur-
rent four OM criteria in assessing the clear survival benefit
by LT during TKI treatment.

Materials and Methods

1. Patients
A retrospective study was conducted on patients with
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advanced NSCLC treated by LT for oligometastatic lesions
during TKI therapy between January 2011 and December
2020 at Asan Medical Center. Patients who met the following
criteria were enrolled: (1) > 18 years old with pathologically
confirmed NSCLGC; (2) stage Il or IV disease according to the
8th edition of the American Joint Committee on Cancer Stag-
ing system; (3) receiving targeted TKI therapy (first-line in
untreated patients or subsequent treatment for progressive
disease); (4) having a pattern of OM during TKI treatment;
(5) receiving LT for oligometastatic lesions with maintenance
TKI therapy. Patients underwent routine surveillance imag-
ing for the treatment response every 6-8 weeks after the ini-
tiation of therapy per the general practice guidelines of our
institution. A bone or positron emission tomography scan
was performed when bone metastasis or systemic progres-
sion was suspected.

2. Criteria of OM

Oligometastatic disease was defined as the development
of new lesions or newly progressive lesions alongside a
majority of well-controlled lesions in patients receiving TKI
therapy for advanced lung cancer. During LT, patients were
divided into the OM group and the non-OM (NOM) group
according to the four following criteria (S1 Table). First, the
TNM criteria defined OM as the metastatic status of M1a and
M1b according to the 8th edition of TNM staging [12]. Sec-
ond, the EORTC-LCG criteria defined OM as the presence
of < 5 lesions in 1-3 organs [13]. Third, the NCCN criteria
considered up to three metastatic lesions as OM [9]. Finally,
we provided the new criteria by specifying a single number
of extra-thoracic organs involved to be included in the oligo-
metastatic state regardless of the number of lesions [14]. The
schema of this study is illustrated in S2 Fig.

3. Study outcomes and variables

The primary outcome of this study was to compare overall
survival (OS) between the OM group and the NOM group
under the four OM criteria. The secondary outcomes were
progression-free survival (PFS) from the date of LT to sys-
temic progression (PFS1) and from TKI initiation to systemic
progression (PFS2). We additionally analyzed the association
between the number of extra-thoracic metastatic lesions or
involved organs and survival outcomes.

Baseline characteristics were obtained from electronic
patient records, including age, sex, smoking status, Eastern
Cooperative Oncology Group (ECOG) performance status,
tumor pathology, TNM stage (8th edition), mutational sta-
tus, type of TKI, the number of sites, and oligometastatic
disease at initiation of LT, type of LT, sites of LT, and sub-
sequent treatment. The LT type included surgery, radiother-
apy, stereotactic radiosurgery (SRS), or both. In this study,

SRS was defined as radiation therapy targeting high doses of
radiation to brain lesions, with minimal impact on the sur-
rounding tissue using 3D imaging. Other forms of radiation
treatment—such as palliative radiotherapy to bone lesions
or radiotherapy to the whole brain—were included in the
broader radiotherapy category.

EGFR mutation was detected by polymerase chain reac-
tion from paraffin-embedded tumor samples. Fluorescence
in situ hybridization was used to identify anaplastic lym-
phoma receptor tyrosine kinase (ALK) rearrangement, and
treatment response was evaluated according to the Response
Evaluation Criteria in Solid Tumors ver. 1.1.

4. Statistical analysis

Data were presented as numbers with percentages for cat-
egorical variables and means plus standard deviations or
median with interquartile range for continuous variables.
The chi-square test or Fisher exact test was used to compare
categorical variables, while the Student’s t test or Mann-
Whitney U test was used to compare continuous variables
with normal or non-normal distribution. The Kaplan-Meier
method was used to estimate survival curves for time-to-
event analysis, whereas the log-rank test was used to test the
significance of the differences. PFS was defined as the dura-
tion from treatment initiation until the date of progression,
the development of a new lesion, death, or last follow-up.
OS was calculated from the date of commencement of TKI
treatment until the date of death from any cause. Univari-
able and multivariable Cox proportional-hazards regression
models were used to identify risk factors associated with
survival outcomes. A final model was constructed using a
stepwise method with backward selection. p-values < 0.15
in the univariate analysis were set for the entry of variables.
The proportional hazards assumption was assessed through
inspection of Schoenfeld residuals. Two-sided p-values
< 0.05 were considered to indicate significance. All analyses
were performed using SPSS software ver. 26.0 (IBM Corp.,
Armonk, NY).

Results

1. Baseline characteristics

Overall, 117 patients with mutant NSCLC receiving LT
were included in the present study. The baseline character-
istics are presented in Table 1. The median age of all patients
was 59.3 years, and the proportion of female and never
smokers was 59.0% and 62.4%, respectively. Most ECOG
performance statuses (98.9%) were between 0 and 2, while
only one patient had a mixed pathology with squamous
cell carcinoma and adenocarcinoma. Among all patients, 72
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Table 1. Baseline characteristics of all patients at TKI initiation

Age (yr), mean+SD 59.3£10.1
Female sex 69 (59.0)
Smoking history (n=114)

Never 73 (62.4)

Former 35(29.9)

Current 6(5.1)
ECOG PS (n=93)

0-2 92 (98.9)

3 1(1.1)
Pathology of primary lung cancer”

Adenocarcinoma 116 (99.1)
Nodal metastasis 72 (61.5)
Pleural metastasis 41 (35.0)
Metastasis stage of TNM 8th

MO 2(1.7)

Mia 27 (23.1)

Mi1b 10 (8.5)

Mic 78 (66.7)
TKI treatment as 1st line 88 (75.2)
Mutational status (n=116)

Exon 19 deletion 47 (40.5)

Exon 21 L858R 34 (29.3)

Exon 20 T790M 10 (8.6)

Other EGFR mutations® 5(4.3)

ALK rearrangement 20 (17.2)
Type of TKI

EGEFR TKI 97 (82.9)

Gefitinib or afatinib 87 (89.7)
Osimertinib 10 (10.3)
ALK TKI 20(17.1)
Crizotinib 14 (70.0)
Alectinib or ceritinib 6 (30.0)
Initial response to TKI (n=116)

Partial response 94 (81.0)

Stable disease 21 (18.1)

Progression disease 1(0.9)

ALK, anaplastic lymphoma receptor tyrosine kinase; ECOG PS,
European Cooperative Oncology Group performance status;
EGFR, epidermal growth factor receptor; SD, standard devia-
tion; TKI, tyrosine kinase inhibitor. *One patient had a mixed
squamous cell carcinoma and adenocarcinoma, ¥Other EGFR
mutations were g719s and e709.

(61.5%) and 41 (35.0%) cases had nodal and pleural metasta-
ses, respectively. Approximately 66% of cases were classified
as M1c stage. A total of 88 patients (75.2%) received TKI treat-
ment as first-line chemotherapy. Among the 116 patients with
identified mutational status, 47 (40.5%) had exon 19 deletion,
34 (29.3%) had exon 21 L858R, 10 (8.6%) had exon 20 T790M,
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Table 2. Profile of local therapy and subsequent treatments
Variable No. (%) (n=117)

Organ of local therapy (n=120)"

Bone 24 (20.0)
Lung 21(17.5)
Brain 68 (56.7)
Other? 7 (5.8)
Type of local therapy®
Operation 7 (6.0)
Radiotherapy 68 (58.1)
Stereotactic radiosurgery 44 (37.6)
Response of local therapy (n=116)
Complete response 4(3.4)
Partial response 35(30.2)
Stable disease 64 (55.2)
Progression disease 13 (11.2)
Cessation of TKI therapy 82(70.1)
Subsequent chemotherapy 65 (55.6)
EGFR TKI 35 (53.8)
ALK TKI 10 (15.4)
Other chemotherapy 20 (30.8)

ALK, anaplastic lymphoma receptor tyrosine kinase; EGFR, epi-
dermal growth factor receptor; TKI, tyrosine kinase inhibitor. ¥3
patients received local therapy for two organs, ®Others included
pleura, lymph node, adrenal gland, and ileum, 92 patients were
treated with two types of local control therapy.

and 20 (17.2%) had ALK arrangement. The most common
type of TKI was EGFR TKI (82.9%), whereas only 20 patients
(17.1%) received ALK TKI. The proportion of patients with
partial response at the initial evaluation was 81.0%. Seven
patients (6.0%) underwent the LT operation, 68 patients
(58.1%) received radiotherapy, and 44 patients (37.6%) were
treated with SRS (Table 2). Subsequent chemotherapy was
received by 65 patients (55.6%) after the cessation of TKL
The baseline characteristics between OM and NOM groups
in line with the four definitions are fully described in Tables
3and 4.

2. Clinical outcomes

For the entire cohort, the median OS, PFS1, and PFS2 were
70.8 months (95% confidence interval [CI], 56.6 to 85.1),
10.3 months (95% CI, 5.5 to 15.1), and 30.9 months (95% CI,
20.6 to 41.1), respectively (Fig. 1). The outcomes of the 117
patients included in this analysis were much better than
those of the historic controls (median, 27.9 to 38.6 months
of OS and median, 11.0 to 17.7 months of PFS2) [15,16].
After classifying the OM group according to four criteria, the
clinical outcomes were compared between the OM group
and NOM groups. Patients in the OM group under the TNM
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Table 3. Baseline characteristics of all patients at the commencement of TKI according to the criterion of oligometastasis

TNM criteria EORTC-LCG criteria NCCN criteria Organ criteria
Characteristic (0)1 NOM (0)1 NOM (0)1 NOM (0)1 NOM
(n=30) (n=87) (n=42) (n=75) (n=34) (n=83) (n=71) (n=46)
Age (yr) 57.1£10.6  60.1+£9.9 58.4+10.5 59.9+410.0  57.9+10.5 59.9£10.0  58.9+10.6 59.9+9.5
Female sex 17 (56.7) 52 (59.8) 27 (64.3) 42 (56.0) 21 (61.8) 48(57.8) 41 (57.7)  28(60.9)
Smoking history (n=114)

Never 17 (60.7) 56 (65.1) 29 (72.5) 44 (59.5) 22 (66.7) 51 (63.0) 46 (66.7) 27 (60.0)

Former 8(28.6) 27(31.4) 9(225) 26(35.1) 9(27.3) 26(32.1) 19 (27.5) 16 (35.6)

Current 3(10.7) 3(3.5) 2 (5.0) 4(5.4) 2(6.1) 4(4.9) 4(5.8) 2(4.4)
ECOG PS (n=93)

0-2 23 (100) 69 (98.6) 32 (100) 60 (98.4) 24 (100) 68 (98.6) 55 (100)  37(97.4)

3 0 1(1.4) 0 1(1.6) 0 1(1.4) 0 1(2.6)
Pathology of lung cancer”

Adenocarcinoma 29(96.7) 87 (100) 41(97.6) 75 (100) 33(97.1)  83(100) 70 (98.6) 46 (100)
Nodal metastasis 13 (43.3) 59 (67.8)2  21(50.0) 51 (68.0) 16 (47.1) 56 (67.5) 43 (60.6) 29 (63.0)
Pleural metastasis 10(33.3) 31(35.6) 9(21.4) 32(42.7)? 8(23.5) 33(39.1) 21(29.6) 20 (43.5)
Metastasis stage of TNM 8th

MO 1(3.3) 111 2(4.8) ov) 2(5.9) o» 1(1.4) 1.2

Mla 22 (73.3) 5(5.7) 14 (33.3) 13 (17.3) 12(35.3) 15(18.1) 27 (38.0) 0

Mib 3(10.0) 7 (8.0) 6(14.3) 4(5.3) 6(17.6) 4(4.8) 8(11.3) 2(4.3)

Mic 4(13.3) 74(85.1) 20 (47.6) 58 (77.3) 14 (41.2) 64 (77.1) 35(49.3) 43(93.5)
TKI as 1st line 22(73.3) 66 (75.9) 33(78.6) 55(73.3) 28(82.4) 60 (72.3) 55(77.5) 33 (71.7)
Mutation (n=116)

Exon 19 deletion 12 (41.4) 35(40.2) 14 (34.1) 33 (44.0) 11(33.3) 36 (43.4) 31(44.3) 16 (34.8)

Exon 21 L858R 7(24.1) 27(31.0) 16 (39.0) 18 (24.0) 14 (42.4) 20 (24.1) 19 (27.1) 15(32.6)

Exon 20 T790M 2(6.9) 8(9.2) 4(9.8) 6(8.0) 2(6.1) 8(9.6) 4(5.7) 6(13.0)

Other EGFR mutations® 1(3.4) 4(4.6) 2(4.9) 3 (4.0) 2(6.1) 3(3.6) 3(4.3) 2(4.3)

ALK rearrangement 7(24.1) 13(14.9) 5(12.2) 15(20.0) 4(12.1) 16(19.3) 13 (18.6) 7 (15.2)
Type of TKI

Gefitinib or afatinib 21(70.0) 66 (75.9) 33(78.6) 54 (72.0) 28(82.4) 59 (71.1) 54 (76.1) 33 (71.7)

Osimertinib 2(6.7) 8(9.2) 4(9.5) 6(8.0) 2(5.9) 8(9.6) 4(5.6) 6 (13.0)

Crizotinib 5(16.7) 9(10.3) 3(7.1) 11 (14.7) 2(5.9) 12 (14.5) 10 (14.1) 4(8.7)

Alectinib or ceritinib 2(6.7) 4(4.6) 2(4.8) 4(5.3) 2(5.9) 4(4.8) 3(4.2) 3(6.5)
Initial response to TKI (n=116)

Partial response 23 (76.7) 71 (82.6) 28 (68.3) 66 (88.0)Y 22(66.7) 72(86.7)” 56(78.9) 38(84.4)

Stable disease 7(23.3) 14(16.3) 12 (29.3) 9(12.0) 11(33.3) 10 (12.0) 14 (19.7) 7 (15.6)

Disease progression 0 1(1.2) 1(2.4) 0 0 1(1.2) 1(1.4) 0

Values are presented as mean+SD or number (%). ALK, anaplastic lymphoma receptor tyrosine kinase; ECOG PS, European Cooperative
Oncology Group performance status; EGFR, epidermal growth factor receptor; EORTC-LCG, The European Organization of Research and
Treatment of Cancer Lung Cancer Group; NCCN, National Comprehensive Cancer Network; NOM, non-oligometastasis; OM, oligome-
tastasis; SD, standard deviation; TKI, tyrosine kinase inhibitor. ?One patient had a mixed squamous cell carcinoma and adenocarcinoma,
PThere was a statistically significant difference (p < 0.05) between the OM group and NOM groups, “Other EGFR mutations were g719s
and e709.

criteria (median, undefined vs. 63.3 months; p < 0.001), cally significant between the OM and NOM groups for all
EORTC-LCG criteria (median, 111.0 vs. 62.6 months; p=0.001), four criteria. Patients in the OM group according to the TNM
NCCN criteria (median, 111.0 vs. 63.3 months; p=0.013), and criteria (median, 44.7 vs. 9.2 months; p < 0.001), EORTC-
ORGAN criteria (median, 84.2 vs. 37.5 months; p < 0.001) LCG criteria (median, 18.3 vs. 9.2 months; p=0.008), NCCN
had significantly longer OS than patients in the NOM group criteria (median, 23.7 vs. 9.5 months; p=0.011), and ORGAN
(Fig. 2A). Additionally, the differences in PFS were statisti- criteria (median, 18.7 vs. 8.9 months; p < 0.001) had signifi-
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Table 4. Profile of local therapy and subsequent treatments according to the criteria for oligometastasis

TNM criteria

Variable OM NOM

(n=30) (n=87)

Organ of local therapy (n=120)

EORTC-LCG criteria

(n=42)

NCCN criteria

NOM (0)\%] NOM (0)\Y NOM
(n=75) (n=34) (n=83) (n=71) (n=46)

Organ criteria

Bone 3(10.0) 21 (24.1) 6(14.3) 18(24.0) 5(14.7) 19 (22.9) 10 (14.1) 14 (30.4)?
Lung 15 (50.0) 6 (6.9)» 13 (31.0) 8(10.7)»  11(32.4) 10(12.0» 20(28.2) 1(2.2)»
Brain 11 (36.7) 57 (65.5)? 23 (54.8) 45 (60.0) 18 (52.9) 50 (60.2) 39 (54.9) 29 (63.0)
Other? 2(6.7) 5(5.7) 1(2.4) 6(8.0) 1(2.9) 6(7.2) 4 (5.6) 3(6.5)
Type of local therapy?®
Operation 1(3.3) 6(6.9) 1(2.4) 6 (8.0) 1(2.9) 6(7.2) 1(1.4) 6 (13.0)?
Radiotherapy 21 (70.0) 47 (54.0) 20 (47.6) 48 (64.0) 17 (50.0) 51 (61.4) 42 (59.2) 26 (56.5)
Stereotactic radiosurgery 8(26.7) 36(41.4) 21(50.0) 23(30.7)» 16(47.1) 28(33.7) 28(39.4) 16(34.8)
Response to local therapy (n=116)
Complete response 1(3.3) 3(3.5) 1(2.4) 3(4.1) 1(2.9) 3(3.7) 1(1.4) 3(6.5)
Partial response 10(33.3) 25(29.1) 14 (33.3) 21(28.4) 13 (38.2) 22(26.8) 24 (34.3) 11 (23.9)
Stable disease 17 (56.7) 47 (54.7) 23(54.8) 41 (55.4) 17 (50.0) 47 (57.3) 38 (54.3) 26 (56.5)
Progression disease 2(6.7) 11 (12.8) 4(9.5) 9 (12.2) 3(8.8) 10 (12.2) 7 (10.0) 6 (13.0)
Cessation of TKI (n=107) 11 (44.0) 71(86.6)» 24 (66.7) 58(81.7) 18 (64.3) 64 (81.0) 44 (68.8) 38 (88.4)
Subsequent chemotherapy 10 (33.3) 55(63.2)? 19 (45.2) 46 (61.3) 14 (41.2) 51(61.4)» 35(49.3) 30(65.2)
EGEFR TKI 5(50.0) 30(54.5) 13 (68.4) 22 (47.8) 10 (71.4)  25(49.0) 18 (51.4) 17(56.7)
ALK TKI 3(300) 7(12.7) 1(63)  9(19.6) 1(71)  9(17.6) 5(143) 5(167)
Other chemotherapy 2(20.0) 18(32.7) 5(26.3) 15(32.6) 3(21.4) 17(33.3) 12 (34.3) 8 (26.7)

Values are presented as number (%). ALK, anaplastic lymphoma receptor tyrosine kinase; EGFR, epidermal growth factor receptor; EO-
RTC-LCG, The European Organization of Research and Treatment of Cancer Lung Cancer Group; NCCN, National Comprehensive Can-
cer Network; NOM, non-oligometastasis; OM, oligometastasis; TKI, tyrosine kinase inhibitor. ¥3 patients received local therapy for two
organs, "There was a statistically significant difference (p < 0.05) between the OM group and NOM groups, “Others included pleura,
lymph node, adrenal gland, and ileum, 92 patients were treated with two types of local control therapy.

cantly greater PFS] than those in the NOM group (Fig. 2B).
PFS2 in the OM group was also significantly improved when
defined by the TNM criteria (median, 66.0 vs. 27.1 months;
p < 0.001), EORTC-LCG criteria (median, 51.8 vs. 27.6
months; p=0.001), NCCN criteria (median, 54.1 vs. 27.6
months; p=0.005), and ORGAN criteria (median, 44.8 vs. 21.4
months; p < 0.001) (Fig. 2C).

3. Outcomes after adjustment for co-variables

After adjustment for potential confounders through the
Cox proportional hazards analysis, the OM group under the
TNM criteria (all-cause death: adjusted hazard ratio [HR],
0.24; 95% CI, 0.10 to 0.57; p=0.001; PFS1: adjusted HR, 0.33;
95% Cl1, 0.18 to 0.61; p < 0.001; PFS2: adjusted HR, 0.29; 95%
CI, 0.16 to 0.52; p < 0.001), NCCN criteria (all-cause death:
adjusted HR, 0.42; 95% CI, 0.20 to 0.86; p=0.018; PFS1: adjus-
ted HR, 0.54; 95% CI, 0.32 to 0.89; p=0.016; PFS2: adjusted
HR, 0.52; 95% CI, 0.31 to 0.89; p=0.016), and ORGAN criteria
(all-cause death: adjusted HR, 0.33; 95% CI, 0.18 to 0.60; p
< 0.001; PFS1: adjusted HR, 0.38; 95% CI, 0.24 to 0.62; p <
0.001; PFS2: adjusted HR, 0.32; 95% CI, 0.20 to 0.51; p < 0.001)
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remained significantly associated with better outcomes com-
pared with the NOM group (Fig. 3). Contrary to the results of
other criteria, the OM group under the EORTC-LCG criteria
was not statistically associated with improved PFS1 (adjust-
ed HR, 0.68; 95% CI, 0.41 to 1.11; p=0.119).

4. Association between the number of extra-thoracic meta-
static lesions or involved organs and the clinical outcomes

Next, we examined the associations between the number
of extra-thoracic metastatic lesions or involved organs with
PFS2 and OS. In the adjusted Cox proportional hazards
analysis, PFS2 was significantly lower in patients who had
at least two extra-thoracic metastases (1 organ: adjusted HR
1.38; 95% CI, 0.61 to 3.13; p=0.446; 2 organs: adjusted HR,
4.32; 95% CI, 1.80 to 10.35; p=0.001; 3 organs: adjusted HR,
2.98; 95% CI, 1.08 to 8.26; p=0.035; 4 organs: adjusted HR,
15.20; 95% CI, 4.11 to 56.24; p < 0.001) (Table 5). Consistently,
multivariate analysis on OS revealed the greater number of
extra-thoracic metastatic organs of two or more was an inde-
pendent predictive factor for lower OS; however, there was
no statistical association between three extra-thoracic meta-
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Fig. 1. Kaplan-Meier curves of clinical outcomes in all non—
small cell lung cancer patients with oligometastasis after the
commencement of tyrosine kinase inhibitor (TKI). (A) Overall
survival (OS) from the commencement of TKI. (B) Progression-
free survival (PFS) from local therapy to systemic progression.
(C) PES from the commencement of TKI to systemic progression.
CI, confidence interval.

static organs and OS (1 organ: adjusted HR, 1.82; 95% CI, 0.54
to 6.10; p=0.334; 2 organs: adjusted HR, 3.51; 95% CI, 1.01 to
12.14; p=0.048; 3 organs: adjusted HR, 4.31; 95% CI, 0.94 to
19.73; p=0.060; 4 organs: adjusted HR, 24.47; 95% CI, 5.08 to
117.80; p < 0.001). However, there were no significant associa-
tions between the number of extra-thoracic metastatic lesions

and either PFS2 or OS, even after adjusting for confounders,
except in the case of five or more extra-thoracic metastatic
lesions (= 5 lesions: adjusted HR 3.92 [1.74-8.82], p=0.001 for
PFS2 and 4.86 [1.42-16.56], p=0.012 for OS).

Discussion

This retrospective, single-center study was conducted
to investigate the efficacy of four criteria on assessing OM
in LT-treated NSCLC during TKI therapy. Among patients
with advanced NSCLC who received TKI treatment, patients
meeting all four criteria for OM showed significantly greater
prognostic benefits from LT than those with NOM even after
adjusting for confounders. Conventionally, oligometastatic
cancer has been defined by the number of metastatic lesions.
However, this analysis revealed that clinical outcomes were
significantly associated with the number of extra-thoracic
metastatic organs involved but not the number of extra-tho-
racic metastatic lesions. Thus, to improve clinical prognosis,
physicians should consider the number of extra-thoracic
metastatic organs involved when evaluating patients with
OM eligible for LT during TKI treatment.

The rationale for LT in NSCLC patients with OM during
TKI treatment is based on the concept of oligometastatic
cancer as an intermediate state extending from local to sys-
temic disease [1]. The metastatic cascades occur when one
metastatic site evolves the capacity to seed other metastases
[17]. Although the trajectory of metastases evolution varies
according to intratumoral heterogeneity, disease histology,
and the nature of the patient, one or multiple progenitor
metastases could yield a cascade of numerous emerging
metastases given enough time [18]. Establishing metastasis
requires the completion of several steps [19]. In particular,
the potential for metastatic colonization, which is the final
step in metastasis, is dependent on the specific target organ,
noted as the seed and soil hypothesis [20]. A therapeutic win-
dow may therefore exist for ablation of these progenitors if
detected early enough in certain patients, potentially halting
the emergence of polymetastatic disease [14]. Thus, patients
who developed OM during TKI therapy could benefit from
LT with continual TKI administration. A previous study on
LTs, including surgery, radiation, or radiofrequency ablation
for EGFR-mutant NSCLC during TKI therapy, found median
times to progression after LT of 10 months, which was simi-
lar to our median PFS1 (10.3 months). The median OS from
LT was 41 months, which was longer than the corresponding
finding in a previous study reporting on EGFR TKI [21,22].
Another study on ALK-mutated NSCLC that progressed in
fewer than five lesions on crizotinib revealed improved clini-
cal outcomes in patients with radiotherapy compared with
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Fig. 2. Kaplan-Meier curves of clinical outcomes for subgroup analyses according to the criterion of oligometastasis. (A) Overall survival
from the commencement of tyrosine kinase inhibitor (TKI). (B) Progression-free survival from local therapy to systemic progression. (Con-
tinued to the next page)
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Fig. 2. (Continued from the previous page) (C) Progression-free survival from the commencement of TKI to systemic progression. EORTC-
LCG, The European Organization of Research and Treatment of Cancer Lung Cancer Group; NCCN, National Comprehensive Cancer

Network.

those without LT [23]. Additionally, a retrospective study
conducted on oncogene-addicted NSCLC with limited sys-
temic disease reported that it might be reasonable to consider
LT as the site of progression and continuation of the TKI [24].
Survival benefits obtained from LT in our study were in line
with the results of previous research, demonstrating better
prognosis of NSCLC on TKI therapy than historical data [25].
These data suggest that the use of LT during TKI therapy can
improve the survival outcomes of patients with NSCLC.
Our study showed that patients with OM derived better
survival benefits from LT than those with NOM, emphasiz-
ing the importance of precise criteria for oligometastatic can-
cer before LT. Our observations implied that the two or more
extra-thoracic metastatic organs involved were significantly
associated with prognosis. Thus, it is important to select
patients with OM using efficacious criteria for the best clini-
cal outcomes. Progressive lesions during TKI therapy deve-
loped slowly in all OM groups according to the four criteria
compared with the NOM group. However, our study found
no statistical association between PFS after LT and OM
defined by EORTC-LCG criteria in the multivariate analy-
sis. The definitions of EORTC-LCG were mainly based on

the number of metastatic lesions [13]. Our data indicate that
the number of extra-thoracic metastatic lesions have no sig-
nificant association with clinical outcomes; therefore, the
EORTC-LCG criteria may be limited in accurately distin-
guishing patients with OM who may benefit from LT. Similar
to the EORTC-LCG criteria, the NCCN criteria classify the
status of OM by the number of metastatic lesions. However,
because we set the NCCN criteria to three lesions or less,
only 11.8% of the patients with OM had two or more extra-
thoracic metastatic organs according to the NCCN criteria.
Therefore, the number of extra-thoracic metastatic organs
involved could be pivotal for selecting oligometastatic dis-
ease with prognostic advantage.

Since the TNM criteria consisted of M1a, which included
intrapulmonary metastasis, and M1b, which included single
extra-thoracic metastasis, the maximum number of extra-
thoracic metastatic organs involved was one or less in the
TNM criteria, similar to the ORGAN criteria. The OM groups
using TNM criteria had the longest PFS and OS than oth-
er criteria, while the number of patients with OM was the
smallest among the four OM groups. Regardless, the num-
ber of enrolled patients in the OM group under the ORGAN
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Fig. 3. Risk-adjusted hazard ratios (HRs) associated with clinical outcomes according to the criterion of oligometastasis (OM). Shown were
HRs, with 95% confidence interval (CI), which were performed with the use of a Cox proportional hazards model. An HR of less than 1.00
indicates a lower risk of clinical outcomes with OM group than non-OM group. Co-variable selection was based on statistical significance.
Progression-free survival (PFS) 1 was defined as PFS from local therapy to systemic progression, and PFS2 as PFS from the commencement
of tyrosine kinase inhibitor to systemic progression. EORTC-LCG, The European Organization of Research and Treatment of Cancer Lung

Cancer Group; NCCN, National Comprehensive Cancer Network.

No. of extra-thoracic metastatic organs
(vs. no metastasis or intrathoracic metastasis)

Table 5. Cox proportional-hazards analysis of the number of metastatic lesions or involved organs and clinical outcomes

Adjusted HR (95% CI)

PFS2 (0]

1 57 1.38 (0.61-3.13) 1.97 (0.59-6.62)

2 33 4.32 (1.80-10.35) 5.28 (1.49-18.62)
3 9 2.98 (1.08-8.26) 3.01 (0.67-13.59)
4 4 15.20 (4.11-56.24) 21.27 (4.50-100.60)

No. of extra-thoracic metastatic lesions (vs. no metastasis)

1 16 0.73(0.25-2.12) 0.57 (0.11-2.85)

2 9 2.61 (0.90-7.60) 3.16 (0.69-14.49)
3 17 2.06 (0.81-5.28) 2.30 (0.61-8.70)

4 6 1.72 (0.49-6.08) 2.08 (0.35-12.49)
>5 55 3.92 (1.74-8.82) 4.86 (1.42-16.56)

CI, confidence interval; HR, hazard ratio; OS, overall survival; PES, progression-free survival.

criteria was approximately twice as large as those per the
TNM criteria. Although the OM group under the ORGAN
criteria had inferior results to those defined by the TNM cri-
teria, they also showed better outcomes than the historic data
[15,16,22]. Therefore, certain groups that may benefit from LT
could be missed if only the TNM criteria are used.
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Along with attempts to find clinical factors, efforts to
identify biologic characteristics predictive of oligometa-
static versus polymetastatic cancer have continued in order
to improve the criteria for oligometastatic patient selection.
Specifically, numerous studies have focused on generat-
ing robust signature biomarkers for patient selection. One
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key study evaluating resection specimens from pulmonary
metastasectomy found an mRNA expression signature pre-
dictive of oligometastatic progression and survival [26].
Interestingly, ectopic expression of OM-associated microR-
NAs suppresses proliferation to limit the number of meta-
stases in vivo studies [27]. Moreover, intratumoral heteroge-
neity is associated with disease progression [28]. The liquid
biopsy with the noninvasiveness and ease of repeated sam-
pling has recently emerged as a valuable platform for iden-
tifying OM biomarkers. Liquid biopsies can successfully
monitor clonal heterogeneity of breast cancer and detect
aberrant methylation changes of specific tumor genomic loci
[29]. This potentially revolutionary tool for molecular testing
may eventually guide optimal patient selection in the future.

There are several limitations to our study. First, this was
a retrospective study in a single institution, which may
have resulted in selection bias. The median survival of our
cohort was longer than those of historical data, which may
be because only patients who responded well to TKI were
included in our study. Second, this study did not use a pre-
defined protocol to evaluate the response to treatment and
subsequent therapy, owing to the retrospective nature of the
study. The actual practice after the assessment of response
was at the discretion of the treating physician. This could
have affected the comparison of the true benefit between the
OM and NOM groups. Third, the type of TKIs was some-
what heterogeneous. Although these were considered the
standard-of-care treatments at the time of the study, the
results needed to be interpreted with caution. Finally, the
sample size was not large enough to detect a statistical dif-
ference in some subgroups. In our study, only six patients
received an operation as LT. Although patients treated by
operation had significantly shorter PFS than those with other
LTs, we could not further examine the different effects accor-
ding to the type of LT due to the limited sample size.

In conclusion, this study represents an effort to investi-
gate the feasibility of the current four criteria defining OM
with respect to clinical benefit when patients with advanced
NSCLC during TKI treatment received LT. Our results found
that patients with OM defined by all four criteria showed
prognostic benefits from LT during TKI therapy. In addition,
the increased number of extra-thoracic metastatic organs to
two or more was an independent predictive factor for worse
outcomes. This study may provide a rationale for consider-
ing the number of extra-thoracic metastatic organs involved
in the application of LT to oligometastatic cancer. Further
multicenter, prospective studies are needed to confirm these
findings.
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