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Purpose Recent development in perioperative treatment of resectable non-small cell lung cancer (NSCLC) have changed the land-
scape of early lung cancer management. The ADAURA trial has demonstrated the efficacy of adjuvant osimertinib treatment in
resectable NSCLC patients; however, studies are required to show which subgroup of patients are at a high risk of relapse and require
adjuvant epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor treatment. This study evaluated risk factors for postopera-
tive relapse among patients who underwent complete resection.

Materials and Methods Data were obtained from the Korean Association for Lung Cancer Registry (KALC-R), a database created
using a retrospective sampling survey by the Korean Central Cancer Registry (KCCR) and the Lung Cancer Registration Committee.

Results A total of 3,176 patients who underwent curative resection was evaluated. The mean observation time was approximately
35.4 months. Among stage | to IlIA NSCLC patients, the EGFR-mutant subgroup included 867 patients, and 75.2%, 11.2%, and
11.8% were classified as stage |, stage Il, and stage lll, respectively. Within the EGFR-mutant subgroup, 44 (5.1%) and 121 (14.0%)
patients showed early and late recurrence, respectively. Multivariate analysis on association with postoperative relapse among the
EGFR-mutant subgroup showed that age, pathologic N and TNM stages, pleural invasion status, and surgery type were independent
significant factors.

Conclusion Among the population that underwent complete resection for early NSCLC with EGFR mutation, patients with advanced

stage, pleural invasion, or limited resection are more likely to show postoperative relapse.
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Introduction

The treatment of choice in stage I to IIIA lung cancer is
surgery. Despite curative resection, the 5 years postoperative
recurrence-free survival (RFS) rates were 87.8% for patients
with stage I, 54.7% for those with stage II, and 33.4% for
those with stage III in non-small cell lung cancer (NSCLC)
[1]. After curative resection in patients with stage II to IIIA
NSCLC, adjuvant cisplatin-based chemotherapy is recom-
mended [2]. Also, among patients with stage IB NSCLC,
adjuvant systemic therapy is recommended in high-risk
groups. According to the recent study in stage IB (American
Joint Commission on Cancer [AJCC] 8th) NSCLC patients,
adjuvant chemotherapy is beneficial in patients with high-
risk factors, reducing recurrence rate and risk of mortality
(hazards ratio, 0.408 and 0.176, respectively) [3]. According

to the National Comprehensive Cancer Network (NCCN)
guidelines, high-risk groups include patients with poorly
differentiated tumors, vascular invasion, wedge resection,
visceral pleural involvement, and unknown lymph node sta-
tus.

Recent advances in perioperative treatment of resectable
NSCLC have changed the landscape of early lung cancer
management [4]. The ADAURA trial has shown significant
efficacy of adjuvant osimertinib treatment in resectable
NSCLC patients [5]. Among patients with resected, epider-
mal growth factor receptor (EGFR)-mutant, stage II to IIIA
NSCLC, the 5-year overall survival (OS) was 85% in the osi-
mertinib group, while only 73% in the placebo group [5]. It is
undeniable that adjuvant treatment is effective in decreasing
the chance of postoperative relapse and improving postop-
erative survival in EGFR-mutant patients who underwent
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complete resection for stage I to IIIA NSCLC.

However, osimertinib treatment for adjuvant purposes is
not often covered by insurance or reimbursed in many coun-
tries, and financial burden is significant for most patients
considering that there is no consensus regarding when to
discontinue the adjuvant treatment [6]. Furthermore, both
the prevalence and clinical characteristics of EGFR-mutant
NSCLC patients vary according to region and race [7-9].
More clinical data are required to show which EGFR-mutant
patient subgroups are at high risk of postoperative relapse
and would benefit from adjuvant EGFR tyrosine kinase
inhibitor (TKI) treatment.

This study evaluated risk factors for postoperative recur-
rence among patients who underwent complete resection
using national Korean cancer data, with a focus among
EGFR-mutant patients.

Materials and Methods

1. Patient selection

Data were obtained from the Korean Association for Lung
Cancer Registry, a database created using a retrospective
sampling survey by the Korean Central Cancer Registry
(KCCR) and the Lung Cancer Registration Committee [10].
During the 2014-2017 period, the KCCR registered patients
newly diagnosed with NSCLC. Among a total of 9,860
NSCLC patients, 3,364 underwent curative resection. Among
them, 188 patients who were diagnosed as clinical stage IV
or unknown stage were excluded. Finally, a total of 3,176
patients was enrolled in this study (Fig. 1). All patients were
confirmed as having undergone operation for curative resec-
tion. Patients were staged according to the AJCC 7th edition
TNM classification. Registered patients were followed for
approximately 5 years after operation. All data in this study
were obtained from the registered database with no addi-
tional review of individual data.

2. Definition of pleural invasion

According to a modified Hammar classification for patho-
logic assessment of visceral pleural invasion, PLO is defined
as no pleural invasion [11]. PL1 is defined as invasion beyond
the elastic layer of the visceral pleura. PL2 is defined as inva-
sion to the surface of the visceral pleura, and PL3 is defined
as invasion to the parietal pleura.

3. Definition of early recurrence

Patients who showed postoperative relapse within one
year of resection were classified as early recurrence patients.
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4. Statistical analysis

Continuous variables are shown as meantstandard devia-
tion, and categorical variables are shown as percentages.
Risk factors for mortality were analyzed using Cox propor-
tional hazards model. All statistical analyses were performed
using SPSS ver. 20.0 (IBM Corp., Armonk, NY).

Results

1. Clinical characteristics of enrolled patients

A total of 3,176 patients who underwent curative resec-
tion was evaluated (S1 Table). The proportion of patients
with smoking history was 56.0%. Approximately 81.5%
of enrolled patients had good performance status (Eastern
Cooperative Oncology Group [ECOG] 0-1). According to
pathologic stage, 67.2%, 17.0%, and 12.9% of the patients
were classified as stage I, stage II, and stage III, respectively.
Regarding pathologic type, 70.7% were adenocarcinoma.
Among the stage I to IITA NSCLC patients, the EGFR-mutant
subgroup included 867 patients.

Among the overall 3,176 patients, postoperative recurrence
after curative resection occurred in 545 patients (17.1%).
Median RFS was 31.73 months. Among 2,133 patients with
EGER results, the duration of OS was significantly shorter for
EGFR-wild type patients than EGFR-mutant patients (S2A
Fig.). However, the RFS showed no significant difference
between EGFR-wild type and mutant patients (S2B Fig.).

2. Clinical characteristics of EGFR-mutant patients

The 867 patients with EGFR-mutant NSCLC who under-
went curative surgery were analyzed (Table 1). Female sex
and never-smokers were more prevalent than male sex and
ever-smokers, respectively. Of these patients, 75.2%, 11.2%,
and 11.8% were classified as stage I, stage II, and stage III,
respectively. Among them, 94.3% were adenocarcinoma,
accounting for the largest proportion. Among the EGFR-
mutant subgroup, 44 (5.1%) patients showed early recur-

NSCLC patients (2014-2017)
(n=9,860)

!

NSCLC patients with
curative resection (n=3,364)

.| Excluded
"| Clinical stage IV or unknown (n=188)

v

Enrolled patients (n=3,176)

Fig. 1. Study flow diagram. NSCLC, non-small cell lung cancer.
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Table 1. Baseline characteristics of EGFR-mutant patients (n=867)

Age (yr) 62.54+9.97
<65 511 (58.9)
> 65 356 (41.1)
Sex
Male 338 (39.0)
Female 529 (61.0)
Smoking status
Never 592 (68.3)
Ever 272 (31.4)
Unknown 3(0.3)
ECOG
0-1 754 (87.0)
>2 19 (2.2)
Unknown 94 (10.8)
PFT
FVC (L) 3.23+0.83
FEV: (L) 2.46+0.65
DLco (%) 93.97+19.69
Pathologic T category
T1 494 (57.0)
™ 331 (38.2)
T3 36 (4.2)
T4 4(0.5)
Unknown 2(0.2)
Pathologic N category
NO 669 (77.2)
N1 87 (10.0)
N2 102 (11.8)
N3 3(0.3)
Unknown 6(0.7)
Surgery type
Wedge resection 61 (7.0)
Segmentectomy 77 (8.9)
Lobectomy 712 (82.1)
Pneumonectomy 17 (2.0)
Pathologic TNM stage
I 652 (75.2)
1l 97 (11.2)
11 102 (11.8)
v 8(0.9)
Unknown 8(0.9)
Histologic type
Squamous 35 (4.0)
Adenocarcinoma 818 (94.3)
Large cell carcinoma 0
NSCLC, NOS 1(0.1)
Adenosquamous 8(0.9)
Carcinoid 0
Others 5(0.6)
(Continued)

Table 1. Continued

Characteristic No. of patients (%)

Pleural invasion

None (PL0) 637 (73.5)

Visceral pleural invasion (PL1) 167 (19.3)

Invasion to the surface of the 45 (5.2)

visceral pleura (PL2)

Extend to the parietal pleura (PL3) 14 (1.6)

Pleural invasion, NOS 0

Unknown 4(0.5)
Mediastinal LN resection

No 43 (5.0)

Sampling 51(5.9)

Dissection 768 (88.6)

Unknown 5(0.6)
ALK

Positive 26 (3.0)

Negative 700 (80.7)

Unknown 141 (16.3)
Recurrence

No recurrence 702 (81.0)

Late recurrence 121 (14.0)

Early recurrence (< 1 yr) 44 (5.1)
Death

No 749 (86.4)

Yes 118 (13.6)
Observation time (mo) 36.56+£10.97
Recurrence-free survival time (mo) 33.02+13.52
Recurrence-free survival rate (%)

1-Year 94.9

2-Year 85.8

3-Year 81.7

Values are presented as mean+SD or number (%). ALK, anaplas-
tic lymphoma kinase; ALK positive, ALK immunohistochemis-
try or fluorescence in situ hybridization positive; DLco, diffus-
ing capacity of the lungs for carbon monoxide; ECOG, Eastern
Cooperative Oncology Group; EGFR, epidermal growth factor
receptor; FEV, forced expiratory volume exhaled in the first
second; FVC, forced vital capacity; LN, lymph node; NOS, not
otherwise specified; NSCLC, non-small cell lung cancer; PFT,
pulmonary function test; SD, standard deviation.

rence and 121 (14.0%) patients showed late recurrence. The
median RFS was 33.02 months.

3. Comparison between early, late, and no recurrence
groups among EGFR-mutant patients

There was no significant difference in age, sex, ECOG per-
formance status, or pulmonary function among the early
recurrence group (ERG), late recurrence group (LRG), or no
recurrence group (NRG) (Table 2). In the ERG, the proportion
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Table 2. Clinical characteristics of ERG, LRG, and NRG among EGFR-mutant patients

Characteristic ERG (n=44) LRG (n=121) NRG (n=702) p-value
Age (yr) 63.20+10.22 61.94+11.18 62.61+9.74 0.778
<65 24 (54.5) 73 (60.3) 414 (59.0)
> 65 20 (45.5) 48 (39.7) 288 (41.0)
Sex
Male 20 (45.5) 50 (41.3) 268 (38.2) 0.266
Female 24 (54.5) 71 (58.7) 434 (61.8)
Smoking status
Never 21 (47.7) 78 (64.5) 493 (70.2) 0.015
Ever 23 (52.3) 42 (34.7) 207 (29.5)
Unknown 0 1(0.8) 2(0.3)
ECOG
0-1 37(84.1) 107 (88.4) 611 (87.0) 0.555
>2 4(9.1) 1(0.8) 14 (2.0)
Unknown 3(6.8) 13 (10.7) 77 (11.0)
PFT
FVC (L) 3.22+0.84 3.22+0.80 3.24+0.83 0.968
FEV: (L) 2.38+0.63 2.45+0.59 2.46+0.66 0.690
DLco (%) 91.23+24.77 93.06+19.50 94.214£19.36 0.524
Pathologic T category
T1 14 (31.8) 47 (38.8) 433 (61.7) <0.001
T 23 (52.3) 66 (54.5) 242 (34.5)
T3 6 (13.6) 8 (6.6) 22 (3.1)
T4 1(2.3) 0 3(0.4)
Unknown 0 0 2(0.3)
Pathologic N category
NO 23 (52.3) 68 (56.2) 578 (82.3) <0.001
N1 8(18.2) 24 (19.8) 55 (7.8)
N2 12 (27.3) 28 (23.1) 62 (8.8)
N3 0 1(0.8) 2(0.3)
Unknown 1(2.3) 0 5(0.7)
Surgery type
Wedge resection 3(6.8) 7 (5.8) 51 (7.3) 0.304
Segmentectomy 2 (4.5) 11.(9.1) 64 (9.1)
Lobectomy 38 (86.4) 98 (81.0) 576 (82.1)
Pneumonectomy 1(2.3) 5(4.1) 11 (1.6)
Pathologic TNM stage
I 15 (34.1) 60 (49.6) 577 (82.2) <0.001
1l 13 (29.5) 24 (19.8) 60 (8.5)
I 13 (29.5) 35(28.9) 54 (7.7)
v 2 (4.5) 1(0.8) 5(0.7)
Unknown 1(2.3) 1(0.8) 6(0.9)
Histologic type
Squamous 4(9.1) 5(4.1) 26 (3.7) 0.986
Adenocarcinoma 40 (90.9) 111 (91.7) 667 (95.0)
Large cell carcinoma 0 0 0
NSCLC, NOS 0 0 1(0.1)
Adenosquamous 0 4(3.3) 4(0.6)
Carcinoid 0 0
Others 0 1(0.8) 4(0.6)

(Continued to the next page)
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Table 2. Continued

Characteristic ERG (n=44)
Pleural invasion
None (PL0) 24 (54.5)
Visceral pleural invasion (PL1) 13 (29.5)
Invasion to the surface of the visceral pleura (PL2) 5(11.4)
Extend to the parietal pleura (PL3) 2 (4.5)
Pleural invasion, NOS 0
Unknown 0
Mediastinal LN resection
No 3(6.8)
Sampling 2(4.5)
Dissection 39 (88.6
Unknown 0
ALK
Positive 3(6.8)
Negative 37 (84.1)
Unknown 4(9.1)
Chemotherapy
Adjuvant 31 (70.5)
Neoadjuvant 5(11.4)
None 8(18.2)
RT
Adjuvant 21 (47.7)
Neoadjuvant 3(6.8)
None 20 (45.5)
Observation time (mo) 32.69+11.10
Recurrence-free survival time (mo) 10.56+7.37

LRG (n=121) NRG (n=702) p-value
63 (52.1) 550 (78.3) <0.001
45 (37.2) 109 (15.5)

11(9.1) 29 (4.1)
1(0.8) 11 (1.6)
0 0
1(0.8) 3(0.4)
5(4.1) 35 (5.0) 0.624
7 (5.8) 42 (6.0)
107 (88.4) 622 (88.6)
2(1.7) 3(0.4)
5(4.1) 18 (2.6) 0.549
94 (77.7) 569 (81.1)
22 (18.2) 115 (16.4)
82 (67.8) 155 (22.1) <0.001
5(4.1) 14 (2.0)
34 (28.1) 533 (75.9)
41 (33.9) 48 (6.8) <0.001
4(3.3) 7(1.0)
76 (62.8) 647 (92.2)
37.21+7.89 36.69+11.38 0.05
24.4849.04 35.90+12.49

Values are presented as meantSD or number (%). The significance level of p-value was set after Bonferroni correction. ALK, anaplastic

lymphoma kinase; ALK positive, ALK immunohistochemistry or fluorescence in situ hybridizationpositive; DLco, diffusing capacity of
the lungs for carbon monoxide; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; ERG, early recur-
rence group; FEV1, forced expiratory volume exhaled in the first second; FVC, forced vital capacity; LN, lymph node; LRG, late recurrence
group; NOS, not otherwise specified; NRG, no recurrence group; NSCLC, non-small cell lung cancer; PFT, pulmonary function test; RT,

radiotherapy; SD, standard deviation.

of patients with smoking history was higher than in the LRG
and NRG (p=0.015). Also, the proportion of patients with
higher T, N, and TNM stage cancer was higher in the ERG
than the other groups (p < 0.001). Regarding pleural inva-
sion, 15.9% of patients in the ERG were PL2 or PL3, which
is significantly higher than the invasion seen in the LRG or
NRG. The proportion of patients with perioperative chemo-
therapy and radiotherapy (RT) was higher in the ERG com-
pared to the LRG and NRG.

4. Clinicopathologic risk factors associated with postopera-
tive recurrence in NSCLC patients after curative surgery
S3 Table shows univariate and multivariate analyses of
clinicopathologic risk factors for postoperative recurrence. In
multivariate analysis, sex, body mass index (BMI), smoking,
diffusing capacity of the lungs for carbon monoxide (DLco),

pathologic N and TNM stages, and pleural invasion signifi-
cantly associated with RFS.

Female sex (female vs. male: hazard ratio [HR], 0.71; 95%
confidence interval [CI], 0.57 to 0.88; p=0.001), patients with
higher BMI (HR, 0.97; 95% CI, 0.94 to 1.00; p=0.027), and
higher DLco (HR, 0.99; 95% CI, 0.99 to 1.0; p=0.001) had low-
er risk of recurrence. Ever smokers (ever vs. never-smokers:
HR, 1.47;95% CI, 1.20 to 1.80; p < 0.001), patients with higher
N (pN1 vs. pNO: HR, 2.15;95% CI, 1.63 t0 2.83; p < 0.001; pN2
vs. pNO: HR, 2.07; 95% CI, 1.57 to 2.73; p < 0.001) and TNM
stages (stage II vs. stage I: HR, 2.11; 95% CI, 1.68 to 2.64; p <
0.001; stage III vs. stage I: HR, 2.83; 95% CI, 2.24 to 3.57; p <
0.001), and patients with pleural invasion (visceral pleural
invasion [VPI] vs. no pleural invasion: HR, 1.54; 95% CI, 1.19
to 2.01; p=0.001) had higher risk of recurrence.
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Table 3. Univariate and multivariate analyses of risk factors associated with recurrence (n=867) in EGFR-mutated NSCLC patients after

curative surgery

Parameter

Sex
Female vs. male (Ref)
Age (yr)
> 65 vs. < 65 (Ref)
BMI
Smoking
Ever vs. never (Ref)
ECOG
>2vs. 0-1 (Ref)
DLco (per)
pT
T3-4 vs. T1-2
pN
N1 vs. NO (Ref)
N2 vs. NO (Ref)
pStage
Stage II vs. stage I (Ref)
Stage III vs. stage I (Ref)
Pleural invasion
Visceral pleural invasion vs. no pleural invasion (Ref)
Surgery type
Lobectomy vs. limited resection (Ref)
Pneumonectomy vs. limited resection (Ref)

Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value
0.75 (0.51-1.10) 0.136 0.73 (0.53-1.00) 0.053
1.46 (1.05-2.03) 0.023 1.41 (1.02-1.94) 0.037
0.96 (0.91-1.00) 0.074
1.00 (0.67-1.48) 0.994 - -
0.67 (0.16-2.74) 0.573
0.99 (0.99-1.00) 0.106 0.99 (0.99-1.00) 0.080
1.42 (0.70-2.90) 0.332 - -
2.08 (1.15-3.75) 0.015 2.00 (1.12-3.56) 0.019
2.68 (1.37-5.25) 0.004 2.53 (1.31-4.91) 0.006
1.92 (1.07-3.45) 0.028 1.93 (1.10-3.39) 0.021
1.34 (0.65-2.75) 0.431 1.38 (0.71-2.71) 0.345
1.97 (1.37-2.83) 0.000 1.89 (1.33-2.70) <0.001
0.64 (0.30-1.33) 0.228 0.66 (0.32-1.37) 0.264
0.45 (0.25-0.79) 0.006 0.45 (0.26-0.79) 0.006

BMI, body mass index; CI, confidence interval; DLco, diffusing capacity of the lungs for carbon monoxide; ECOG, Eastern Cooperative
Oncology Group; EGFR, epidermal growth factor receptor; HR, hazard ratio; NSCLC, non-small cell lung cancer.

5. Clinicopathologic risk factors associated with mortality
in NSCLC patients after curative surgery

S4 Table shows univariate and multivariate analyses of
clinicopathologic risk factors for mortality. In multivariate
analysis, sex, age, BMI, DLco (%), EGFR mutation, patholog-
ic TNM stage, and pleural invasion were significantly associ-
ated with OS.

Female sex, patients with higher BMI, patients with higher
DLco, and patients with EGFR mutation had a lower risk of
mortality. Patients with older age, higher pathologic stage,
and VPI had a higher risk of mortality.

6. Clinicopathologic risk factors associated with postop-
erative recurrence in EGFR-mutant NSCLC patients after
curative surgery

Table 3 shows univariate and multivariate analyses of
clinicopathologic risk factors for recurrence. In multivariate
analysis, age, pathologic N and TNM stages, pleural inva-
sion, and surgery type were significantly associated with
RFS. The HR of recurrence in patients with pathologic N2
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category was 2.53 compared to patients with pathologic NO
(p=0.019). Also, the HR of recurrence in patients with patho-
logic stage IT was 1.93 compared to patients with pathologic
stage I (p=0.021). Patients with VPI had a 1.89-fold higher
risk of recurrence compared to patients without pleural inva-
sion (p < 0.001). Also, the HR of recurrence in patients with
pneumonectomy was 0.45 compared to patients with wedge
resection (p=0.006).

7. Clinicopathologic risk factors associated with mortality
in EGFR-mutant NSCLC patients after curative surgery

Table 4 shows univariate and multivariate analyses of clin-
icopathologic risk factors for mortality. In multivariate analy-
sis, sex, age, BMI, ECOG performance status, DLco, patho-
logic TNM stage, and pleural invasion were significantly
associated with OS.

Female sex or patients with higher BMI or DLco had a
lower risk of mortality in EGFR-mutant NSCLC patients
after curative surgery. Patients with older age, higher ECOG
performance status, higher pathologic stage, and PL3 had a
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Table 4. Univariate and multivariate analyses of risk factors associated with overall survival (n=867) in EGFR-mutated NSCLC patients

after curative surgery

Parameter

Multivariate
HR (95% CI)

Univariate
HR (95% CI)

p-value

p-value

Sex
Female vs. male (Ref)
Age (yr)
> 65 vs. < 65 (Ref)
BMI
Smoking
Ever vs. never (Ref)
ECOG
>2vs. 0-1 (Ref)
DLco (per)
pT
T3-4 vs. T1-2
pN
N1 vs. NO (Ref)
N2 vs. NO (Ref)
pStage
Stage II vs. stage I (Ref)
Stage III vs. stage I (Ref)
Pleural invasion
Visceral pleural invasion vs. no pleural invasion (Ref)
Surgery type
Lobectomy vs. limited resection (Ref)
Pneumonectomy vs. limited resection (Ref)

0.48 (0.30-0.76) 0.002 0.48 (0.32-0.71) <0.001
2.02 (1.35-3.00) 0.001 1.99 (1.35-2.94) 0.001
0.94 (0.89-0.99) 0.014 0.93 (0.89-0.99) 0.012
1.04 (0.65-1.65) 0.877 - -
2.88 (1.14-7.30) 0.026 2.86 (1.14-7.19) 0.026
0.99 (0.98-1.00) 0.002 0.98 (0.98-0.99) 0.002
0.68 (0.32-1.45) 0.318 - -
1.04 (0.51-2.15) 0.911 - -
1.29 (0.55-3.00) 0.561 - -
2.77 (1.64-4.69) 0.000 2.61(1.58-4.31) <0.001
5.27 (3.10-8.97) 0.000 4.69 (2.85-7.71) <0.001
3.84 (1.27-11.61) 0.017 3.34 (1.33-8.40) 0.010

0.71 (0.26-1.91) 0.496 - -
0.73 (0.33-1.64) 0.448 - -

BMI, body mass index; CI, confidence interval; DLco, diffusing capacity of the lungs for carbon monoxide; ECOG, Eastern Cooperative
Oncology Group; EGFR, epidermal growth factor receptor; HR, hazard ratio; NSCLC, non-small cell lung cancer.

higher risk of mortality.

8. RFS of patients with EGFR mutation according to pleural
invasion

The duration of RFS was significantly shorter for patients
with parietal pleural invasion than in patients with VPI and
patients without pleural invasion (p < 0.001, log-rank test)
(S5 Fig.). The mean time to recurrence after curative surgery
was 36.77 months for patients with parietal pleural inva-
sion, 45.02 months for patients with VPI, and 53.42 months
for patients without pleural invasion. At 24 months, 85.7%
of patients with parietal pleural invasion were recurrence-
free compared to 91.5% in patients with VPI and 96.2% in
patients without pleural invasion.

9. RFS of patients with EGFR mutation according to patho-
logic N category

The RFS was significantly shorter according to pathologic
N category (p < 0.001, log-rank test) (S6 Fig.). The mean time
of RFS was 22.28 months for pathologic N3, 39.41 months

for pathologic N2, 40.08 months for pathologic N1, and 53.75
months for pathologic NO. At 24 months, 88.2% of patients
with pathologic N2 category were recurrence-free compared
to 90.8% in patients with pathologic N1 category and 96.6%
in patients with pathologic NO category.

10. RFS of patients with EGFR mutation according to path-
ologic stage

The duration of RFS was significantly shorter according to
pathologic stage (p < 0.001, log-rank test) (57 Fig.). The mean
time of RFS was 40.41 months for stage I, 42.90 months for
stage II, and 53.80 months for stage I. At 24 months, 97.7%
of the patients with pathologic stage I were recurrence-free
compared to 86.6% in patients with pathologic stage Il and
87.3% in patients with pathologic stage IIL.

11. Comparison between early, late, and no recurrence
groups among EGFR-mutant stage IA patients

Subgroup analysis was done among 390 patients with
EGFR-mutant stage IA (AJCC 7th edition) without neo-
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adjuvant treatment. There was no significant difference in
age, BMIL, sex, smoking status, ECOG performance status,
or pulmonary function, surgery type, histologic type, pres-
ence of mediastinal lymph node (LN) resection or anaplastic
lymphoma kinase (ALK) among the ERG, LRG, or NRG (S8
Table). The proportion of patients with adjuvant chemother-
apy and RT was higher in the ERG compared to the LRG and
NRG.

12. Clinicopathologic risk factors associated with postoper-
ative recurrence in EGFR-mutant stage IA NSCLC patients
after curative surgery

S9 Table shows univariate and multivariate analyses of
clinicopathologic risk factors for recurrence in EGFR-mutant
stage JA NSCLC patients after curative surgery. In multi-
variate analysis, sex and surgery type were significantly
associated with recurrence. The HR of recurrence in female
patients was 0.46 compared to male patients (95% CI, 0.22
to 0.97; p=0.043). The HR of recurrence in patients who took
lobectomy was 0.35 compared to patients who took wedge
resection (95% CI, 0.14 to 0.90; p=0.029).

13. Comparison between early, late, and no recurrence
groups among EGFR-mutant stage IB patients

Subgroup analysis was done among 203 patients with
EGFR-mutant stage IB (AJCC 7th edition) without neoadju-
vant treatment. There was no significant difference in age,
BM]I, sex, smoking status, ECOG performance status, or pul-
monary function, surgery type, histologic type, presence of
mediastinal LN resection or ALK among the ERG, LRG, or
NRG (510 Table). As pleural invasion, there were higher pro-
portion of patients with pleural invasion in the ERG and LRG
compared to NRG. The proportion of patients with adjuvant
chemotherapy and RT was higher in the ERG compared to
the LRG and NRG.

14. Clinicopathologic risk factors associated with postoper-
ative recurrence in EGFR-mutant stage IB NSCLC patients
after curative surgery

S11 Table shows univariate and multivariate analyses of
clinicopathologic risk factors for recurrence in EGFR-mutant
stage IB NSCLC patients after curative surgery. In multivari-
ate analysis, pleural invasion was significantly associated
with recurrence. Increased DLco showed a trend toward
decreased risk for recurrence, but statistical significance was
not present (p=0.078). The HR of recurrence in patients with
VPI was 2.75 compared to patients without pleural invasion
(95% CI, 1.31 to 5.75; p=0.007).
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15. Clinicopathologic risk factors associated with early
recurrence in EGFR-mutant stage NSCLC patients after
curative surgery

S12 Table shows univariate and multivariate logistic regres-
sion analyses of risk factors for early recurrence in EGFR-
mutant NSCLC patients after curative surgery. In multivari-
ate analysis, ever-smokers showed 2.24 fold higher risk of
early postoperative recurrence compared to never-smokers
(95% CI, 1.18 to 4.23; p=0.013). Patients with pathologic T3
category were 5.11 times higher risk of early recurrence after
curative resection, compared to patients with pathologic T1
category (95% CI, 1.75 to 14.93; p=0.003). Also, patients with
pathologic N2 category were 3.11 times higher risk of early
recurrence after curative resection, compared to patients
with pathologic NO category (95% CI, 1,44 to 6.68; p=0.004).

Discussion

The present study evaluated a nationwide lung cancer
database to assess patients who are at risk of postopera-
tive relapse, specifically for EGFR-mutant populations. We
showed that, among various clinical parameters, patients
with older age, higher N and pathologic stages, and those
with presence of VPI are more likely to experience postop-
erative relapse and are in need of adjuvant EGFR TKI treat-
ment. In regard to OS in EGFR-mutant NSCLC patients after
curative surgery, male sex, older age, low BMI, high ECOG
performance status, low DLco, high pathologic stage, and
pleural invasion were significant prognostic markers.

There are some notable studies regarding the assessment
of risk factors associated with postoperative relapse spe-
cifically for EGFR-mutant NSCLC patients who underwent
resection. In a retrospective analysis of 531 patients, N cat-
egory along with lympho-vascular invasion and cytokeratin
5/6 positivity were independent predictors of locoregional
recurrence [12]. In another retrospective study, smoking his-
tory, vessel invasion, and lymph node metastasis were asso-
ciated with RFS in EGFR-mutant patients [13]. In addition,
Yu et al. [14] indicated that smoking history, large tumor size,
elevated lymph node ratio, and platelet to lymphocyte ratio
in stage pIIIA-N2 NSCLC patients after complete resection
are associated with early recurrence. In the present study,
among curatively resected EGFR-mutant NSCLC patients,
the 1-year RFS was 94.9%, the 2-year RFS was 85.8%, and
the 3-year RFS was 81.7%. At 24 months, 85.7% of patients
with parietal pleural invasion were recurrence-free com-
pared to 91.5% in patients with VPI and 96.2% in patients
without pleural invasion. VPLis an important prognostic fac-
tor regardless of tumor size or N category [15]. In a previous
study, exfoliated tumor cells were found to drain through the
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pleural lymphatics, which supports the association between
VPI and extensive N2 involvement [16]. The visceral pleura
is rich in lymphatics and can easily involve the hilar lymph
nodes. As a consequence, VP is associated with locoregional
recurrence and distant metastasis [17].

EGFR TKI treatment has provided better clinical outcomes
in EGFR-mutant NSCLC patients [18,19]. Osimertinib treat-
ment has shown longer progression-free survival compared
to earlier-generation EGFR TKIs [18]. According to a recent
study, a significant OS benefit was shown in EGFR-mutant
NSCLC patients with adjuvant osimertinib treatment after
complete resection [5]. Therefore, an updated version of the
NCCN guidelines suggests adjuvant osimertinib treatment
in EGFR-mutant patients in stage IIB-IIIA and stage IB-IIA
with high-risk factors.

However, in clinical practice, we have encountered medi-
cal insurance problems. In many countries including Korea,
the nationwide medical reimbursement system does not
cover the cost of adjuvant osimertinib treatment in EGFR-
mutant NSCLC patients, and the recommended 3 years of
prescription often entail significant financial burden for the
patients. A previous study showed that certain features asso-
ciated with postoperative relapse do not translate directly to
need for adjuvant EGFR TKI treatment. Patients enrolled in
the ADAURA study were stage IB to IIIA (classified accord-
ing to the AJCC 7th edition) EGFR-mutant (Ex19del or
L858R) NSCLC [20]. Specifically for the EGFR-mutant sub-
group, certain enrollment criteria between ADAURA and
present study do not match. In our study, there were 4.0%
squamous lung cancer patients included in the EGFR-mutant
subgroup, and it is likely that EGFR mutations other than
Ex19del and L858R could have been included. However, it
was interesting to see that enrollment criteria of the ADU-
ARA study mostly overlapped with factors associated with
postoperative relapse in our study, suggesting a possibility
that patients with stage N1-2 or pleural invasion could have
benefited from adjuvant EGFR TKI treatment. Clearly, more
studies to better predict postoperative relapse are necessary
to enable selection of patients for adjuvant EGFR TKI treat-
ment.

When EGFR-mutant patients were stratified according to
timing of postoperative relapse (early, late, or no recurrence),
several features were distinguished. TNM stage, pleural
invasion level, and smoking history showed significant dif-
ference between the groups. Early recurrence patients show
a higher proportion of PL2 and PL3 compared to late recur-
rence patients. Furthermore, VPI was an independent factor
associated with RFS. However, according to logistic regres-
sion analysis for early recurrence in EGFR-mutant NSCLC
patients in the present study, only pathologic T, N stage and
smoking history were significantly associated with early

postoperative recurrence. While these risk factors need to be
validated in larger population study, patients with regarding
risk factors should undergo close surveillance for early post-
operative recurrence.

In a previous retrospective analysis of NSCLC patients
who underwent complete resection, association between VPI
and EGFR mutation was shown, with a higher frequency of
EGFR mutation patients among the subgroup [21]. In our
study, risk of postoperative relapse was stratified by level of
VPL Considering that the presence of sole pleural invasion
(PL1) is staged as T2, we should concurrently approach T
stage and presence of VPI [22], and it is likely that clinicians
should consider the presence and level of pleural invasion as
an important factor when initiating and maintaining adju-
vant EGFR TKI treatment.

In our analysis of stage IA lung cancer patients without
pleural invasion, we observed that epidemiological factors,
such as sex and age, might correlate with recurrence risk.
ERG group showed significantly higher proportion of old-
age patients, and male sex was associated with higher risk
of recurrence in the multivariate analysis. In a retrospective
study of NSCLC patients who underwent surgery for stage
I and II cancer, females demonstrated significantly higher
5-year OS rates (76.2%) compared to males (57.3%), with
gender identified as a favorable prognostic factor in multi-
variate analysis [23]. Among EGFR-mutant stage IA NSCLC
patients, patients with lobectomy had lower risk of recur-
rence, compared to patients with wedge resection. This find-
ing is consistent with the previous study, which compared
locoregional RFS between wedge resection versus lobectomy
for early-stage NSCLC. In the study, overall locoregional
RFS was worse in wedge resection patients vs. lobectomy
patients, 82.0% vs 93.4% [24]. In addition, one meta-analysis
of comparison between wedge resection and lobectomy for
early-stage NSCLC showed that patients with lobectomy
had higher OS than patients with wedge resection [25]. So,
even in early-stage NSCLC, lobectomy should be actively
considered in patients without contraindication such as low
lung function or poor general condition.

In our study, a subgroup analysis of EGFR-mutant stage IB
(AJCC 7th edition) patients revealed that the hazard ratio for
recurrence in patients with VPI was 2.75 times higher com-
pared to those without pleural invasion. Despite differences
in TNM editions, this finding aligns with a recent article by
Choi et al. [3], which also identified VPI as a high-risk factor
for postoperative recurrence in the stage IB patients. Another
notable finding is that the ERG had a higher percentage of
adjuvant chemotherapy and RT compared to late-recurrence
or no-recurrence groups. It is more reasonable to consider
that patients with more risk factors underwent postoperative
treatment at the time of adjuvant therapy, rather than attrib-
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uting recurrence risk to the adjuvant treatment itself. There-
fore, we believe that efficacy of adjuvant treatment is diffi-
cult to be analyzed due to the limitations of the retrospective
design. Future studies are needed to evaluate the efficacy of
adjuvant treatment in patients with EGFR mutations.

Among the factors associated with postoperative outcomes
in the EGFR subgroup of our study, DLco was independent-
ly associated with postoperative survival but not with RFS.
DLco, along with other pulmonary function parameters, has
long been shown to affect postoperative course of patients
who undergo lung resection [26], and our results reconfirm
this finding [27]. Low DLco values are associated with sev-
eral lung conditions including emphysema or pulmonary
fibrosis [28]. Patients with relatively low DLco values may
have underlying emphysema or other chronic lung diseases
that could impact their survival. Additionally, a study found
that a low preoperative DLco is predictive of postoperative
cardiopulmonary complications, mortality, and poor long-
term survival in surgical patients [29]. Clinicians should pay
more attention to patients with poor lung function when
managing lung cancer patients who undergo lobectomy.

In the present study, duration of OS was significantly short-
er for EGFR-wild type patients than EGFR-mutant patients.
However, the RFS showed no significant difference between
EGFR-wild type and mutant patients. Further studies should
be done about treatment after recurrence.

There are notable limitations of this study. First, a large
proportion of overall study patients did not undergo EGFR
mutation testing. The database includes patients diagnosed
with lung cancer from years 2014 to 2017, during the early
phase of which mutation testing was not routinely per-
formed. Despite this limitation, a large number of EGFR-
mutant patients added to the importance of the present
study. Second, no detailed results on EGFR mutation subtype
or next-generation sequencing results were available for our
study, which deterred us from confirming the association
between mutation subtype and postoperative outcomes.
Third, TNM staging was based on the AJCC 7th edition TNM
staging, and it is likely that some T2 patients would have
been classified as T3 according to the 8th edition [30]. Lastly,
in our study, there was no statistically significant difference
in recurrence risk between stage I and stage III EGFR-mutant
patients. Although other clinical outcomes appeared rela-
tively more favorable for stage I patients compared to stage
III patients, we believe this discrepancy may be due to the
smaller sample size of stage III patients. A larger sample size
in future studies could potentially address this discrepancy.

Among the population that underwent complete resec-
tion for early NSCLC with EGFR mutation, patients with
advanced stage, pleural invasion, or limited resection are
more likely to show postoperative relapse.

92 CANCER RESEARCH AND TREATMENT

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https: // www.e-crt.org).

Ethical Statement

The study protocol was reviewed and approved by the Institution-
al Review Board at the National Cancer Center (NCC2018-0193),
which waived the requirement for informed consent due to the ret-
rospective nature of the study.

Author Contributions

Conceived and designed the analysis: Kim KY, Lim JU.

Collected the data: Kim HC, Kim TJ, Kim HK, Moon MH, Beck KS,
Suh YG, Song CH, Ahn JS, Lee JE, Jeon JH, Jung CY, Cho JS, Hwang
SS, Choi CM, Jang SH, Lim JU.

Contributed data or analysis tools: Kim KY, Kim HC, Kim T], Kim
HK, Moon MH, Beck KS, Suh YG, Song CH, Ahn JS, Lee JE, Jeon JH,
Jung CY, Cho JS, Hwang SS, Choi CM, Jang SH, Lim JU.
Performed the analysis: Kim KY.

Wrote the paper: Kim KY, Lim JU.

ORCID iDs
Kyu Yean Kim " : https: // orcid.org/0000-0002-2479-0065
Jeong Uk Lim ¥ : https: // orcid.org/0000-0001-8364-2380

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This study was supported by Korean Association for Lung Cancer,
Korea Central Cancer Registry.

Author Details

'Division of Pulmonary and Critical Care Medicine, Department of
Internal Medicine, Uijeongbu St. Mary’s Hospital, College of Medi-
cine, The Catholic University of Korea, Uijeongbu, 2Department of
Pulmonary and Critical Care Medicine, Asan Medical Center, Uni-
versity of Ulsan College of Medicine, Seoul, *Department of Hospi-
tal Pathology, Yeouido St. Mary’s Hospital, College of Medicine, The
Catholic University of Korea, Seoul, ‘Department of Thoracic and
Cardiovascular Surgery, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, "Department of Thoracic and
Cardiovascular Surgery, Seoul St. Mary’s Hospital, College of Medi-
cine, The Catholic University of Korea, Seoul, “Department of Radi-
ology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, Seoul, "Proton Therapy Center, Research Insti-
tute and Hospital, National Cancer Center, Goyang, *Department
of Radiation Oncology, Seoul National University Bundang Hos-
pital, Seoul National University College of Medicine, Seongnam,
*Department of Hematology-Oncology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, °Division of


https://orcid.org/0000-0001-8364-2380
https://orcid.org/0000-0002-2479-0065

Kyu Yean Kim, Recurrence in EGFR-Mutant NSCLC Patients

Pulmonology, Chungnam National University College of Medicine,
Daejeon, "Department of Thoracic and Cardiovascular Surgery,
Seoul National University Bundang Hospital, Seoul National Uni-
versity College of Medicine, Seongnam, ?Department of Pulmonary,
Daegu Catholic University Medical Center, Daegu Catholic Univer-
sity School of Medicine, Daegu, *Department of Thoracic and Car-
diovascular Surgery, Pusan National University Hospital, Busan,
““Department of Pathology, Chonnam National University Medical

School, Gwangju, ®Department of Public Health Science, Graduate
School of Public Healthy, Seoul National University, Seoul, **Divi-
sion of Pulmonary, Allergy and Critical Care Medicine, Department
of Medicine, Hallym University Sacred Heart Hospital, Anyang,
Division of Pulmonary and Critical Care Medicine, Department of
Internal Medicine, Yeouido St. Mary’s Hospital, College of Medi-
cine, The Catholic University of Korea, Seoul, Korea

References

1. Muraoka Y, Yotsukura M, Yoshida Y, Nakagawa K, Shiraishi
K, Kohno T, et al. Dynamics of recurrence after curative resec-
tion of nonsmall cell lung cancer. ] Surg Oncol. 2023;128:1205-
12.

2. Kris MG, Gaspar LE, Chaft JE, Kennedy EB, Azzoli CG, Ellis
PM, et al. Adjuvant systemic therapy and adjuvant radiation
therapy for stage I to IIIA completely resected non-small-cell
lung cancers: American Society of Clinical Oncology/Cancer
Care Ontario clinical practice guideline update. ] Clin Oncol.
2017;35:2960-74.

3. ChoiJ, OhJY, Lee YS, Min KH, Shim JJ, Choi SI, et al. Clinical
efficacy of adjuvant chemotherapy in stage IB (< 4 cm) non-
small cell lung cancer patients with high-risk factors. Korean
] Intern Med. 2022;37:127-36.

4. Kim MH, Kim SH, Lee MK, Eom JS. Recent advances in adju-
vant therapy for non-small-cell lung cancer. Tuberc Respir
Dis. 2024;87:31-9.

5. Tsuboi M, Herbst RS, John T, Kato T, Majem M, Grohe C, et al.
Overall survival with osimertinib in resected EGFR-mutated
NSCLC. N Engl ] Med. 2023;389:137-47.

6. Lim JU. Update on adjuvant treatment in resectable non-small
cell lung cancer and potential biomarkers predicting postop-
erative relapse. Tuberc Respir Dis. 2023;86:14-22.

7.6hi Y, Li J, Zhang S, Wang M, Yang S, Li N, et al. Molecu-
lar epidemiology of EGFR mutations in Asian patients with
advanced non-small-cell lung cancer of adenocarcinoma
histology: mainland China subset analysis of the PIONEER
study. PLoS One. 2015;10:e0143515.

8. Park JY, Jang SH. Epidemiology of lung cancer in Korea:
recent trends. Tuberc Respir Dis. 2016;79:58-69.

9. Sung MR, Tomasini P, Le LW, Kamel-Reid S, Tsao MS, Liu G,
et al. Effects of ethnicity on outcomes of patients with EGFR
mutation-positive NSCLC treated with EGFR tyrosine kinase
inhibitors and surgical resection. JTO Clin Res Rep. 2022;3:
100259.

10. Choi CM, Kim HC, Jung CY, Cho DG, Jeon JH, Lee JE, et al.
Report of the Korean Association of Lung Cancer Registry
(KALC-R), 2014. Cancer Res Treat. 2019;51:1400-10.

11. Travis WD, Brambilla E, Rami-Porta R, Vallieres E, Tsuboi M,
Rusch V, et al. Visceral pleural invasion: pathologic criteria
and use of elastic stains: proposal for the 7th edition of the
TNM classification for lung cancer. ] Thorac Oncol. 2008;3:

1384-90.

12.NiJ, Guo T, LiY, Yang X, Li Y, Zou L, et al. Patterns and risks
of postoperative recurrence in completely resected EGFR-
mutant non-small cell lung cancer: prognostic significance of
routine immunohistochemical markers. Transl Lung Cancer
Res. 2019;8:967-78.

13.Isaka T, Ito H, Yokose T, Saito H, Adachi H, Murakami K, et
al. Prognostic factors for relapse-free survival in stage IB-IIIA
primary lung adenocarcinoma by epidermal growth factor
receptor mutation status. BMC Cancer. 2022,22:966.

14. Yu Q, Du X, Fang Z, Mao X, Wu J, Wang B, et al. Predictive risk
factors for early recurrence of stage pIIIA-N2 non-small cell
lung cancer. Cancer Manag Res. 2021;13:8651-61.

15. Shimizu K, Yoshida J, Nagai K, Nishimura M, Ishii G, Morish-
ita'Y, etal. Visceral pleural invasion is an invasive and aggres-
sive indicator of non-small cell lung cancer. ] Thorac Cardio-
vasc Surg. 2005;130:160-5.

16. Manac’h D, Riquet M, Medioni ], Le Pimpec—Barthes E, Dujon
A, Danel C. Visceral pleura invasion by non-small cell lung
cancer: an underrated bad prognostic factor. Ann Thorac
Surg. 2001;71:1088-93.

17. Chen T, Luo J, Wang R, Gu H, Gu Y, Huang Q, et al. Visceral
pleural invasion predict a poor survival among lung adeno-
carcinoma patients with tumor size < 3cm. Oncotarget. 2017;8:
66576-83.

18.Soria JC, Ohe Y, Vansteenkiste ], Reungwetwattana T,
Chewaskulyong B, Lee KH, et al. Osimertinib in untreated
EGFR-mutated advanced non-small-cell lung cancer. N Engl
] Med. 2018;378:113-25.

19. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
et al. Gefitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl ] Med. 2009;361:947-57.

20. Wu YL, Tsuboi M, He ], John T, Grohe C, Majem M, et al. Osi-
mertinib in resected EGFR-mutated non-small-cell lung can-
cer. N Engl ] Med. 2020;383:1711-23.

21.Shi], Yang Y, Zhao Y, Zhu J, Song X, Jiang G. EGFR mutations
are significantly associated with visceral pleural invasion
development in non-small-cell lung cancer patients. Cancer
Manag Res. 2019;11:1945-57.

22. Goldstraw P, Crowley J, Chansky K, Giroux D], Groome PA,
Rami-Porta R, et al. The IASLC Lung Cancer Staging Project:
proposals for the revision of the TNM stage groupings in the

VOLUME 57 NUMBER 1 JANUARY 2025 93



Cancer Res Treat. 2025;57(1):83-94

forthcoming (seventh) edition of the TNM Classification of
malignant tumours. ] Thorac Oncol. 2007;2:706-14.

23. Yoshida Y, Murayama T, Sato Y, Suzuki Y, Saito H, Nomura
Y. Gender differences in long-term survival after surgery for
non-small cell lung cancer. Thorac Cardiovasc Surg. 2016;64:
507-14.

24. Dolan D, Swanson §J, Gill R, Lee DN, Mazzola E, Kucukak
S, et al. Survival and recurrence following wedge resection
versus lobectomy for early-stage non-small cell lung cancer.
Semin Thorac Cardiovasc Surg. 2022;34:712-23.

25.5hi Y, Wu S, Ma S, Lyu Y, Xu H, Deng L, et al. Comparison
between wedge resection and lobectomy/segmentectomy for
early-stage non-small cell lung cancer: a Bayesian meta-anal-
ysis and systematic review. Ann Surg Oncol. 2022;29:1868-79.

26. Salati M, Brunelli A. Risk stratification in lung resection. Curr

94  CANCER RESEARCH AND TREATMENT

Surg Rep. 2016;4:37.

27. Berry MF, Hanna J, Tong BC, Burfeind WR Jr, Harpole DH,
D’Amico TA, et al. Risk factors for morbidity after lobectomy
for lung cancer in elderly patients. Ann Thorac Surg. 2009;
88:1093-9.

28. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casa-
buri R, et al. Interpretative strategies for lung function tests.
Eur Respir J. 2005;26:948-68.

29. Ferguson MK, Dignam J], Siddique J, Vigneswaran WT, Cel-
auro AD. Diffusing capacity predicts long-term survival after
lung resection for cancer. Eur ] Cardiothorac Surg. 2012;41:e81-
6.

30. Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The eighth edi-
tion lung cancer stage classification. Chest. 2017,151:193-203.





