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Abstract 

Background:  Pathological stage IB-IIIA lung adenocarcinoma  with an epidermal growth factor receptor (EGFR) 
mutation (Mt) has a high recurrence rate even after complete resection. However, there have been few reports on 
the risk factors for Mt recurrence. This study aimed to analyze the clinicopathological factors related to the relapse-
free survival (RFS) of patients with pathological stage IB-IIIA primary lung adenocarcinoma with and without an EGFR 
mutation.

Methods:  Patients who underwent curative surgery for Mt (n = 208) harboring the EGFR exon 21 L858R point muta-
tion or EGFR exon 19 deletion mutation and EGFR mutation wild-type lung adenocarcinoma (Wt, n = 358) between 
January 2010 and December 2020 were included. Patients who received adjuvant EGFR-tyrosine kinase inhibitors 
were excluded. The prognostic factors for RFS were analyzed using a multivariable Cox regression analysis.

Results:  The 5-year RFS rates in the Mt and Wt groups were 43.5 and 52.3%, respectively (p = 0.907). Prognostic 
factors for RFS in the Mt group included smoking history (hazard ratio [HR], 1.49; p = 0.049), blood vessel invasion 
(HR, 1.84; p = 0.023), and lymph node metastasis (HR, 1.96; p = 0.005). However, adjuvant chemotherapy was not a 
prognostic factor (HR, 1.02; p = 0.906). In contrast, positron emission tomography (PET) max standardized uptake 
value (SUV) ≥ 6.0 (HR, 1.53; p = 0.042), lymphatic vessel invasion (HR, 1.54; p = 0.036), lymph node metastasis (HR, 1.79; 
p = 0.002), and adjuvant chemotherapy (HR, 0.60; p = 0.008) were prognostic factors for RFS in the Wt group.

Conclusions:  Prognostic factors for RFS in stage IB-IIIA primary lung adenocarcinoma differ by epidermal growth fac-
tor receptor mutation status. The impact of adjuvant chemotherapy on RFS also differed by EGFR mutation status.
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chemotherapy

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Epidermal growth factor receptor (EGFR) mutations are 
found in 15–50% of non-small cell lung cancers (NSCLC), 
especially in women, non-smokers, Asians, and patients 
with adenocarcinoma [1, 2]. EGFR exon 19 deletion 
(Ex19) mutations and EGFR exon 21 L858R point muta-
tion (Ex21) mutations are two major EGFR mutations 
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and molecular targeted therapies, and EGFR-tyrosine 
kinase inhibitors (TKI) show antitumor effects against 
these cancers [3]. The overall survival (OS) of patients 
with unresectable EGFR mutation lung adenocarcinoma 
(Mt) has dramatically improved to 30–50 months with 
EGFR-TKI [4–6].

The postoperative recurrence rate of primary lung can-
cer has been reported to be 33% in pathological stage IB, 
51% in stage II, and 61% in stage III [7]. Furthermore, the 
5-year recurrence-free survival (RFS) rate for patients with 
Mt was poor (57.0% for stage IB, 46.6% for stage II, and 
17.4% for stage IIIA) [8, 9]. To improve the postoperative 
prognosis of Mt, several clinical trials of adjuvant EGFR-
TKI for pathological stage IB(II)-IIIA Mt have recently 
been conducted [10–14]. Adjuvant EGFR-TKI did not 
prolong RFS in the IMPACT trial [10]; however, the RADI-
ENT, ADJUVANT, and ADAURA trials showed prolonged 
RFS with postoperative EGFR-TKI [11, 12, 14]. However, 
no clinical trials have shown that adjuvant EGFR-TKI pro-
longs overall survival (OS). The benefit of adjuvant EGFR-
TKI is to improve RFS and reduce distant metastatic 
recurrence, especially brain and bone metastases, which 
leads to poor quality of life and poor prognosis [14–16]. 
Adjuvant EGFR-TKI in patients with favorable RFS would 
only increase drug toxicity [10, 12, 14] and would not be 
beneficial to the patient. Therefore, it is important to accu-
rately assess the prognostic factors related to RFS.

The prognostic factors for RFS after complete resection 
of primary lung adenocarcinoma based on EGFR muta-
tion status remain unclear. The aim of this study was to 
analyze clinicopathological prognostic factors for RFS 
after complete resection for pathologic stage IB-IIIA pri-
mary lung adenocarcinoma according to EGFR mutation 
status and to obtain basic knowledge on the selection of 
patients who should receive adjuvant therapy.

Methods
Patients and word definitions
This study was approved by the Kanagawa Cancer Center 
IRB (2021 Eki-153). Of 1081 cases of pathological stage 
IB-IIIA (8th edition TNM classification) NSCLC who 
underwent segmentectomy or greater extent of lung 
resection at Kanagawa Cancer Center between January 
2010 and December 2020, 703 patients had primary lung 
adenocarcinoma without adjuvant EGFR-TKI therapy. 
Of these, 566 patients were included in the study, exclud-
ing 57 patients (8.1%) who did not undergo EGFR muta-
tion examination, 20 patients with uncommon EGFR 
mutations (2.8%), such as EGFR exon 18 G719X, and 60 
patients (8.5%) who did not undergo positron emission 
tomography (PET)-computed tomography (CT). In this 
study, 208 patients with Mt (n = 208) harboring Ex21 and 
Ex19 and 358 patients with wild-type EGFR mutations 

(Wt) were included. TNM staging was based on the 8th 
edition of the TNM Classification for Lung and Pleural 
Tumors [17]. RFS was defined as the period from the date 
of surgery to the date of recurrence or any cause of death, 
wherein patients without recurrence were censored in 
the last observation period. Adjuvant chemotherapy 
included patients who completed at least three courses of 
platinum-based adjuvant chemotherapy or 2 years of oral 
tegafur-uracil after surgery.

Pathological examination and EGFR mutation analysis
Pathological diagnosis was made by a pathologist (Y.T.) 
based on hematoxylin and eosin staining of the tissue 
sections of formalin-fixed paraffin-embedded speci-
mens. Tumor invasion size was evaluated by Elastica von 
Gieson (EVG) staining. Blood vessel invasion (BVI) and 
pleural invasion were also evaluated using EVG staining. 
Alcian blue-periodic acid Schiff and thyroid transcrip-
tion factor-1 staining were performed for the supplemen-
tal diagnosis of adenocarcinoma, with additional D2–40 
staining for lymphatic vessel invasion (LVI). BVI was 
defined as the destruction of blood vessel walls or inva-
sion of tumor cells into the lumen of blood vessels in HE- 
or EVG-stained sections of the resected lung specimens. 
LVI was defined as tumor cell invasion into the lumen 
of lymphatic vessels in HE- or D2–40-stained sections. 
Tumor DNA was extracted from formalin-fixed paraf-
fin-embedded surgically resected specimens, and EGFR 
mutations were analyzed using the Cobas® EGFR muta-
tion test v2 [18, 19], the Cycleave/fragment method [20], 
and the loop-hybrid mobility shift assay method [21].

Adenocarcinoma subtypes were classified according to 
the International Association for the Study of Lung Can-
cer/American Thoracic Society/European Respiratory 
Society International Multidisciplinary Classification of 
Lung Adenocarcinoma (2011 IASLC/ATS/ERS classifica-
tion) [22]. Based on the predominance of the components, 
lung adenocarcinoma specimens were categorized as 
invasive lepidic/acinar, papillary/mucinous/solid/micro-
papillary adenocarcinoma, and others. If lepidic, solid, or 
micropapillary components were observed in more than 
1% of the lung cancer tissue sections, they were defined as 
lepidic, solid, or micropapillary components (+), respec-
tively. Based on the classification by Yoshizawa et al. [23], 
adenocarcinoma in  situ and minimally invasive adeno-
carcinoma were defined as low-grade adenocarcinoma, 
invasive lepidic adenocarcinoma, invasive acinar adeno-
carcinoma, invasive papillary adenocarcinoma, and inva-
sive mucinous adenocarcinoma as intermediate-grade 
adenocarcinoma, and invasive solid adenocarcinoma and 
invasive micropapillary adenocarcinoma as high-grade 
adenocarcinoma.
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Postoperative surveillance and definitions of recurrence
Patients were routinely examined on an outpatient basis 
every 3–6 months 1–3 years after resection of lung cancer 
and every 6–12 months after 4–5 years, with blood tumor 
markers, radiographs, and CT. If symptoms suggestive of 
recurrence appeared during follow-up, PET-CT or bone 
scintigraphy, head magnetic resonance imaging (MRI), 
or contrast-enhanced CT were added as appropriate. If 
any relapse was confirmed, we examined further recur-
rence sites using head MRI, CT, PET-CT, or bone scin-
tigraphy. Based on the results of these examinations, the 
sites of recurrence and treatment after recurrence were 
determined at a joint conference consisting of thoracic 
surgeons, respiratory physicians, pathologists, and radi-
ologists. Intrathoracic recurrence included cervicothoracic 
lymph node recurrence (mediastinal, hilar, cervical, and 
supraclavicular lymph node metastases), lung recurrence, 
and pleural dissemination. On the other hand, distant 
recurrence included central nerve system (CNS) recur-
rence (brain metastasis and meningeal dissemination), 
abdominal organ metastasis recurrence (liver, adrenal 
gland, intra-abdominal lymph node), and bone recurrence.

Statistical analysis
In comparison of clinicopathologic background of patients 
between Mt and Wt, continuous variables were compared 
using the Mann–Whitney U test, and categorical variables 
were compared between groups using Fisher’s exact tests. 
RFS of Mt and Wt patients was analyzed using the Kaplan–
Meier method and compared using log-rank tests. Uni-
variable and multivariable analyses were performed using 
the Cox proportional hazard regression model with the 
following variables: age (> 65 years), sex, smoking history, 
laterality, carcinoembryonic antigen (CEA) level (> 10 ng/
ml), CT tumor size (> 4.0 cm), consolidation tumor size 
(> 4.0 cm), presence or absence of ground glass opacity 
(GGO), PET max standardized uptake value (SUV), surgi-
cal procedure, histological grade of adenocarcinoma, BVI, 
LVI, pleural invasion, lymph node metastasis (pN), pre-
dominant component of the adenocarcinoma, presence or 
absence of lepidic/solid/micropapillary components, adju-
vant chemotherapy, and EGFR mutation subtype. Cut-off 
values for maxSUV was determined using receiver operat-
ing characteristic curve analysis. The cumulative incidence 
of intrathoracic/distant recurrence and recurrence to the 
CNS was analyzed using Gray’s test. Statistical significance 
was set at P < 0.05.

Results
The median follow-up period was 38.4 months. Among 
the 208 Mt, 96 (46.2%) were Ex21 and 112 (53.8%) 
were Ex19 (Table  1). A smaller CT tumor size and 

consolidation tumor size, lower frequency of GGO-
absent tumors, lower PET maxSUV, higher frequency 
of invasive micropapillary adenocarcinoma, and lower 
frequency of invasive solid adenocarcinoma or high-
grade adenocarcinoma were observed in Mt than in Wt 
(Table  1). However, LVI, pN (especially pN2), overall 
recurrence, and intrathoracic recurrence were observed 
more frequently in the Mt group than in the Wt group 
(Table 1).

The 5-year RFS rates for the Mt and Wt groups were 
43.5 and 52.3%, respectively (p = 0.907, Fig.  1a). In 
patients with Mt, smoking history (hazard ratio [HR], 
1.49; 95% confidence interval [CI], 1.00–2.22; p = 0.049), 
BVI (HR, 1.84; 95% CI, 1.09–3.12; p = 0.023), and pN 
(HR, 1.96; 95% CI, 1.23–3.12; p = 0.005) were poor prog-
nostic factors for RFS (Table  2). Defining Mt patients 
with smoking history, BVI, or pN as Mt high-risk patients 
(n = 174) and Mt patients with none of the above as 
Mt low-risk patients (n = 34), the RFS of Mt high-risk 
patients was significantly lower than that of Mt low-risk 
patients (36.5% vs. 81.8%, p < 0.001, Fig. 1b).

In Wt patients, PET maxSUV ≥6.0 (HR, 1.53; 95% CI, 
1.02–2.31; p = 0.042), LVI (HR, 1.54; 95% CI, 1.03–2.30; 
p = 0.036), pN (HR, 1.79; 95% CI, 1.23–2.60; p = 0.002) 
and adjuvant chemotherapy (HR, 0.60; 95% CI, 0.42–
0.88; p = 0.008) were independent prognostic factors for 
RFS (Table  3). Defining Wt patients with PET maxSUV 
≥6.0, LVI, or pN as Wt high-risk patients (n = 264) and 
Wt patients with none of the above as low-risk patients 
(n = 94), the RFS of Wt high-risk patients was signifi-
cantly lower than that of Wt low-risk patients (44.6% vs. 
73.3%, p < 0.001, Fig. 1c).

The cumulative incidence of intrathoracic metas-
tasis (p < 0.001, Fig.  2a), distant metastasis (p = 0.002, 
Fig. 2c), and CNS metastasis (p = 0.045, Fig. 2e) was sig-
nificantly higher in Mt high-risk patients relative to Mt 
low-risk patients. The cumulative incidence of intratho-
racic metastasis (p < 0.001, Fig. 2b) and distant metastasis 
(p < 0.001, Fig.  2d) was significantly higher in Wt high-
risk patients than in Wt low-risk patients, and the cumu-
lative incidence of CNS metastasis tended to be higher 
in Wt-high-risk patients than in Wt-low-risk patients 
(p = 0.096, Fig. 2f ).

Figure 3 shows the difference in RFS between patients 
treated with and without adjuvant chemotherapy in the 
Mt and Wt high-risk groups. There was no difference 
in RFS between patients treated with or without adju-
vant chemotherapy in Mt high-risk patients (p = 0.201, 
Fig.  3a). In Wt high-risk patients, RFS was significantly 
better in patients who received adjuvant chemotherapy 
than in those who did not receive adjuvant chemotherapy 
(p < 0.001, Fig. 3b).
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Table 1  Comparison of clinicopathological features between epidermal growth factor receptor mutant and mutation-wild patients 
with pathological stage IB-IIIA lung cancer

CT Computed tomography, GGO Ground glass opacity, PET Positron emission tomography, SUV Standardized uptake value, EGFR Epidermal growth factor receptor, Mt 
EGFR mutant lung cancer, Wt EGFR mutation-wild lung cancer
a  Fisher’s exact test
b  Mann-Whitney U test

Total n = 535 Mt (n = 208) Wt (n = 358) p valuesa)

Age 70 (35–90) 70 (36–90) 0.789b)

Male, (%) 86 (41.3) 260 (72.6) < 0.001

Smoking history +, (%) 93 (44.7) 287 (80.2) < 0.001

Left side, (%) 74 (35.6) 142 (39.7) 0.370

CEA (> 10 ng/ml) 34 (16.3) 61 (17.0) 0.907

CT tumor size, (cm) 3.1 (1.5–9.2) 3.4 (0.8–11.6) 0.033b)

Consolidation size, (cm) 2.7 (1.1–9.2) 3.2 (0.6–11.0) 0.001b)

GGO absent, (%) 128 (61.5) 306 (85.5) < 0.001

PET maxSUV 4.9 (0.89–21.2) 7.4 (0–33.7) < 0.001b)

Lobectomy 199 (95.7) 334 (93.3) 0.270

Invasive lepidic adenocarcinoma, (%) 24 (11.5) 24 (6.7) 0.060

Invasive acinar adenocarcinoma, (%) 78 (37.5) 76 (21.2) < 0.001

Invasive papillary adenocarcinoma, (%) 77 (37.0) 85 (23.7) 0.001

Invasive mucinous adenocarcinoma, (%) 1 (0.5) 44 (12.3) < 0.001

Invasive solid adenocarcinoma, (%) 14 (6.7) 104 (29.1) < 0.001

Invasive micropapillary adenocarcinoma, (%) 11 (5.3) 4 (1.1) 0.004

High-grade adenocarcinoma 28 (13.5) 126 (45.2) < 0.001

Lymphatic vessel invasion +, (%) 78 (37.5) 86 (24.0) 0.002

Blood vessel invasion +, (%) 122 (58.7) 198 (56.3) 0.482

Pleural invasion +, (%) 125 (60.1) 197 (55.3) 0.253

Nodal metastasis +, (%) 107 (51.4) 125 (34.9) < 0.001

  pN1 47 (22.6) 66 (18.4) 0.233

  pN2 60 (28.8) 59 (16.5) < 0.001

Lepidic component +, (%) 185 (88.9) 195 (54.5) < 0.001

Solid component +, (%) 109 (52.4) 240 (67.0) < 0.001

Micropapillary component +, (%) 121 (58.2) 128 (35.8) < 0.001

Adjuvant chemotherapy, (%) 84 (40.4) 124 (34.6) 0.176

Pathological stage

  Stage IB 82 (39.4) 142 (39.7)

  Stage II 54 (26.0) 128 (35.8)

  Stage IIIA 72 (34.6) 88 (24.6) 0.014

Recurrence +, (%) 92 (44.2) 121 (33.8) 0.015

Initial site of recurrence, (%)

  Central nerve system 17 (8.2) 16 (4.5) 0.192

  Bone 21 (10.1) 23 (6.4) 0.143

  Abdominal organ 10 (4.8) 24 (6.7) 0.463

  Lung 29 (13.9) 41 (11.5) 0.428

  Cervico-thoracic lymph-node 38 (18.3) 43 (12.0) 0.047

  Pleural dissemination 23 (11.1) 15 (4.2) 0.003

Distant or intrathoracic, (%)

  Distant 37 (17.8) 57 (15.9) 0.639

  Intrathoracic 76 (36.5) 84 (23.5) 0.001

EGFR mutation, (%)

  Exon 21 L858R 96 (46.2)

  Exon 19 deletion 112 (53.8)
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Fig. 1  Relapse-free survival (RFS) of Mt and Wt patients did not differ (p = 0.907, (a)). The RFS of Mt high-risk patient was significantly worse than Mt 
low-risk patients (36.5% vs. 81.8%, p < 0.001, (b)). The RFS of Wt high-risk patients was significantly worse than Wt low-risk patients (44.6% vs. 73.3%, 
p < 0.001, (c))

Table 2  Univariable and multivariable analyses of recurrence-free survival of patients with EGFR-Mt lung cancer

CT Computed tomography, GGO Ground glass opacity, PET Positron emission tomography, SUV Standardized uptake value, EGFR Epidermal growth factor receptor, HR 
Hazards ratio, CI Confidence interval

Recurrent-fee survival
Variable

Univariable analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Age (≥65) 0.95 0.64–1.44 0.829

Gender (Male) 1.21 0.82–1.81 0.333

Smoking history (+) 1.43 0.96–2.12 0.079 1.49 1.00–2.22 0.049

Side (left) 1.48 0.99–2.23 0.058 1.36 0.90–2.06 0.139

CEA (> 10 ng/ml) 1.85 1.14–3.00 0.013 1.29 0.77–2.14 0.334

CT tumor size (> 4.0 cm) 1.31 0.85–2.02 0.224

Consolidation size (> 4.0 cm) 1.43 0.90–2.27 0.127

GGO (−) 1.48 0.98–2.24 0.066 1.24 0.80–1.92 0.337

PET maxSUV (≥6.0) 2.21 1.48–3.28 < 0.001 1.37 0.88–2.12 0.161

Surgical procedure (segmentectomy) 0.46 0.11–1.88 0.282

Invasive lepidic adenocarcinoma 0.61 0.30–1.26 0.182

Invasive acinar adenocarcinoma 0.78 0.52–1.17 0.225

Invasive papillary adenocarcinoma 1.29 0.85–1.95 0.225

Invasive solid adenocarcinoma 1.64 0.83–3.27 0.156

Invasive micropapillary adenocarcinoma 1.18 0.52–2.71 0.690

High grade adenocarcinoma 1.54 0.91–2.61 0.104

Lymphatic vessel invasion (+) 2.02 1.36–3.00 < 0.001 1.25 0.81–1.93 0.308

Blood vessel invasion (+) 2.96 1.86–4.73 < 0.001 1.84 1.09–3.12 0.023

Pleural invasion (+) 1.10 0.73–1.66 0.645

Nodal metastasis (+) 2.71 1.77–4.14 < 0.001 1.96 1.23–3.12 0.005

Lepidic component (+) 1.05 0.56–1.97 0.877

Solid component (+) 1.02 0.69–1.52 0.916

Micropapillary component (+) 1.34 0.89–2.03 0.161

Adjuvant chemotherapy (%) 1.02 0.69–1.53 0.906

EGFR exon 21L858R 1.01 0.68–1.50 0.962
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Discussion
This is the first study to examine prognostic factors for 
RFS after complete resection of stage IB-IIIA (8th edition 
TNM classification) pulmonary adenocarcinoma accord-
ing to EGFR mutation status. Smoking history, BVI, and 
pN were prognostic factors for RFS of Mt patients; how-
ever, adjuvant chemotherapy did not contribute to RFS in 
Mt patients. In contrast, PET maxSUV≥6.0, LVI, pN, and 
adjuvant chemotherapy were prognostic factors for RFS 
in Wt patients. Mt and Wt high-risk patients had a higher 
cumulative incidence of recurrence than Mt and Wt low-
risk patients, respectively.

In this study, the RFS of patients with stage IB-IIIA 
Mt was 43.5%. This reflects a poor outcome, and there is 

room for prognostic improvement. In the present study, 
there was no statistically significant difference in the RFS 
between Mt and Wt. This was due to the crossover of RFS 
curves at approximately 40 months after surgery. In our 
previous study, we showed that Wt recurrence occurred 
early postoperatively, whereas Mt recurrence tended to be 
slower than that of Wt [24]. The reason for the crossover 
may be related to Mt recurrence later in the postoperative 
period, although recurrence occurred more frequently 
than in Wt. Conversely, recurrence and smoking-related 
non-lung cancer deaths in Wt occurred earlier in the 
postoperative period. There is an urgent need for evidence 
on adjuvant therapy to reduce recurrence and improve 
the prognosis of patients with stage IB-IIIA Mt.

Table 3  Univariable and multivariable analyses of recurrence-free survival of patients with EGFR-Wt lung cancer

CT Computed tomography, GGO Ground glass opacity, PET Positron emission tomography, SUV Standardized uptake value, EGFR Epidermal growth factor receptor, HR 
Hazards ratio, CI Confidence interval

Recurrent-fee survival
Variable

Univariable analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Age (≥65) 1.28 0.88–1.87 0.189

Gender (Male) 1.66 1.13–2.47 0.013 1.71 0.97–3.00 0.062

Smoking history (+) 1.46 0.93–2.28 0.097 0.97 0.51–1.83 0.915

Side (left) 0.81 0.58–1.14 0.228

CEA (> 10 ng/ml) 1.33 0.88–2.00 0.172

CT tumor size (> 4.0 cm) 1.46 1.05–2.03 0.025 2.07 0.87–4.94 0.102

Consolidation size (> 4.0 cm) 1.47 1.05–2.05 0.025 0.84 0.34–2.07 0.707

GGO (−) 0.90 0.58–1.42 0.665

PET maxSUV (≥6.0) 1.98 1.38–2.83 < 0.001 1.53 1.02–2.31 0.042

Surgical procedure (segmentectomy) 1.19 0.64–2.21 0.575

Invasive lepidic adenocarcinoma 0.49 0.22–1.12 0.093 0.71 0.31–1.67 0.438

Invasive acinar adenocarcinoma 1.12 0.76–1.63 0.576

Invasive papillary adenocarcinoma 1.24 0.86–1.80 0.244

Invasive mucinous adenocarcinoma 0.58 0.32–1.05 0.072 0.74 0.36–1.49 0.393

Invasive solid adenocarcinoma 1.01 0.70–1.45 0.963

Invasive micropapillary adenocarcinoma 1.29 0.32–5.21 0.720

High-grade adenocarcinoma 1.17 0.83–1.64 0.378

Lymphatic vessel invasion (+) 1.84 1.30–2.61 0.001 1.54 1.03–2.30 0.036

Blood vessel invasion (+) 1.55 1.10–2.17 0.011 1.18 0.79–1.77 0.424

Pleural invasion (+) 1.09 0.78–1.51 0.625

Nodal metastasis (+) 2.90 1.94–4.34 < 0.001 1.79 1.23–2.60 0.002

Lepidic component (+) 1.30 0.94–1.80 0.118

Solid component (+) 1.49 1.03–2.16 0.035 1.00 0.63–1.56 0.987

Micropapillary component (+) 1.35 0.97–1.87 0.078 1.21 0.85–1.73 0.298

Adjuvant chemotherapy (+) 0.73 0.51–1.04 0.081 0.60 0.42–0.88 0.008

(See figure on next page.)
Fig. 2  The cumulative incidence of intrathoracic metastasis, distant metastasis, and metastasis to the central nervous system (CNS) was significantly 
higher in Mt high-risk patients than in Mt low-risk patients (a, c, e). The cumulative incidence of intrathoracic and distant metastases was higher in 
Wt high-risk patients than in Wt low-risk patients (b, d). The cumulative incidence of CNS metastasis tended to be higher in Wt high-risk patients 
than in Wt low-risk patients (f)
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Fig. 2  (See legend on previous page.)
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Currently, adjuvant EGFR-TKIs may prolong RFS in 
patients with Mt, but not OS. In RADIENT trial, adju-
vant erlotinib therapy prolonged RFS with compared 
with placebo after complete resection of stage IB-IIIA 
Mt (46.4 months vs. 28.5 months, p = 0.039) but not OS 
[11]. In ADJUVANT trial, adjuvant gefitinib therapy 
pathologic stage II-IIIA Mt prolonged RFS compare with 
platinum-based combination therapy (28.7 months vs. 
18.0 months, HR 0.60, p = 0.005) [12], however, no differ-
ence was observed in OS between the two therapies [13]. 
In the IMPACT study, adjuvant gefitinib therapy for stage 
II-IIIA Mt did not prolong RFS (Median RFS 35.9 months 
vs. 25.1 months, p = 0.63) and OS (5 years OS 78.0% vs. 
74.6%, p = 0.89) compared with platinum-based adju-
vant chemotherapy [10]. The most recent ADAURA 
trial showed significantly better RFS with adjuvant osi-
mertinib therapy compared with placebo for pathologic 
stage IB-IIIA Mt (not reached vs 27.5 months, HR 0.20, 
p < 0.001) [14]. In the ADAURA trial, the incidence of 
central nervous system (CNS) events was 2% in the osi-
mertinib group and 11% in the placebo group, and CNS-
RFS was prolonged with adjuvant osimertinib therapy 
[14]. However, OS results have not yet been reported.

Various adverse events were reported in these tri-
als. Grade ≥ 3 and grade ≥ 4 adverse events of adjuvant 
EGFR-TKIs were reported to be 12–41.7% and 1–4%, 
respectively [10, 12, 14]. Therefore, adjuvant EGFR-TKIs 

should be administered only to patients with poor RFS 
after curative surgery. However, few studies have exam-
ined the prognostic factors for RFS by EGFR mutation 
status in stage IB-IIIA adenocarcinoma patients whose 
stages are usually indicated for adjuvant therapy. Ni et al. 
reported that among stage I-III Mt patients (n = 531), 
tumor size, N stage, Ki67, and CK20 were risk factors for 
overall recurrence [25]. Saw et  al. reported that higher 
stage, nonacinar and nonlepidic adenocarcinoma sub-
type, sublobar resection, positive resection margins, and 
lymphovascular invasion (LI) were independent risk fac-
tors for recurrence in stage IA-IIIA Mt (n = 389), while 
higher stage and LI were independent risk factors for 
recurrence in stage IA-IIIA Wt (n = 334) [26]. The pre-
sent study revealed that smoking history, BVI, and pN 
were poor prognostic factors for RFS among patients 
with stage IB-IIIA Mt. Although pN was a common poor 
prognostic factor for RFS in Wt and Mt patients, other 
risk factors differed. This study suggests that it is impor-
tant to recognize that clinicopathological poor prognos-
tic factors of RFS for stage IB-IIIA adenocarcinoma vary 
according to EGFR mutation status.

LI combining BVI and LVI has been reported to be 
associated with distant recurrence and early recurrence 
after complete resection of NSCLC [27–29], and is a poor 
prognostic factor for RFS [30, 31] and OS [32]. LVI alone 
increases the risk of recurrence. Harada et  al. reported 

Fig. 3  There was no difference in RFS between patients treated with or without adjuvant chemotherapy in Mt high-risk patients (p = 0.201, (a)). 
In Wt high-risk patients, RFS was significantly better in patients who received adjuvant chemotherapy than in those who did not receive adjuvant 
chemotherapy (p < 0.001, (b))
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that LVI was a poor prognostic factor for OS after com-
plete resection of stage I NSCLC, whereas BVI was not 
[30]. In contrast, a meta-analysis reported that BVI was 
a poor prognostic factor for RFS after resection of stage I 
NSCLC [31]. Kato et al. reported that LVI and BVI were 
risk factors for recurrence [33]. Mimae et al. reported that 
LVI and BVI were independent poor prognostic factors 
for RFS among pN (−) lung adenocarcinoma patients, 
whereas only BVI was a risk factor for recurrence in 
patients with pN (+) lung adenocarcinoma [34]. None 
of these studies have examined the association between 
EGFR mutations. The present study revealed that BVI is 
a poor prognostic factor for RFS in patients with Mt, and 
LVI is a poor prognostic factor for RFS in patients with 
Wt. It is suggested that LI should be analyzed separately 
for each EGFR mutation status in LVI and BVI.

The reason why BVI is a prognostic factor for RFS is 
unclear. In tumor cells with high EGFR expression, tumor 
cells produce vascular endothelial growth factor (VEGF) 
and interleukin-8, which regulate and promote intratu-
moral vascular invasion [35]. Moreover, EGFR signal-
ing induces angiogenic factors from mesenchymal stem 
cells in tumors and regulates tumor cell migration [36]. 
C-type lectin 11A, which promotes vascular endothelial 
cell differentiation, is highly expressed in EGFR-mutant 
lung cancer cells and promotes angiogenesis triggered 
by VEGF [37]. These basic research findings showed the 
possibility that Mt may metastasize more frequently by 
efficient angiogenesis than Wt. Three angiogenesis inhibi-
tors are currently used for advanced primary lung cancer: 
bevacizumab, ramucirumab, and nintedanib. Because Mt 
patients with BVI are at a high risk of recurrence, future 
clinical trials of adjuvant therapy with these angiogenesis 
inhibitors in addition to EGFR-TKIs may be considered.

In both Mt and Wt, pN was an important prognos-
tic factor, and this result was consistent with a previous 
report [27, 28, 34]. In the present study, smoking history 
was also a prognostic factor in Mt smoking and has been 
reported to have a shorter OS than non-smokers in unre-
sectable stage IIIB-IV Mt, and the prognosis is worsened 
by the increased amount of smoking [38]. Progression-
free survival after EGFR-TKI treatment for unresectable 
advanced Mt has been reported to be shorter in smokers 
than in non-smokers [39]. Because lung cancer in smok-
ing patients had a 10-fold higher mutation burden than 
those in non-smokers [40, 41], it is possible that Mt in 
patients with a smoking history had higher cell prolifera-
tive activity than those without a smoking history. Fur-
ther molecular pathological analysis may be needed for 
Mt patients with a history of smoking.

It has been reported that solid predominant adeno-
carcinoma has a higher maxSUV than other histologic 
types of lung adenocarcinoma [42]. In this study, a lower 

solid component rate, higher lepidic component rate, and 
lower frequency of high-grade adenocarcinoma in Mt 
than in Wt resulted in a lower maxSUV in Mt than in Wt. 
This result was consistent with previous studies show-
ing lower PET maxSUVs in Mt than in Wt [2, 26]. In the 
present study, PET maxSUV≥6.0 was a poor prognostic 
factor for RFS in Wt, but not in Mt. Because of the low 
potential of 18F-fluorodeoxyglucose (FDG) accumulation 
in Mt, maxSUV may not accurately predict the prognosis 
of patients with Mt. In contrast, Wt has a high potential 
for FDG accumulation and is useful in predicting prog-
nosis after resection of stage IB-IIIA Wt.

The efficacy of adjuvant chemotherapy for Mt has been 
reported to be lower than that for Wt in stage I [43] and 
stage II/III [44] lung adenocarcinoma in a propensity-
matched analysis. Consistent with previous reports, the 
present study showed that adjuvant chemotherapy did not 
affect RFS in stage IB-IIIA Mt and Mt high-risk patients; 
therefore, adjuvant chemotherapy may not be neces-
sary for Mt. Mt patients who had a smoking history, BVI, 
and pN were more likely to relapse. These high-risk Mt 
patients are candidates for adjuvant therapy other than 
chemotherapy, such as EGFR-TKI, and further clinical tri-
als are warranted. Surprisingly, Mt patients with none of 
these factors, that is, Mt low-risk patients, did not develop 
distant metastasis (Fig. 2a, c, e), suggesting that adjuvant 
therapy may not be necessary for Mt low-risk patients. 
In contrast, adjuvant chemotherapy was a favor prognos-
tic factor for RFS in patients with Wt. Because adjuvant 
chemotherapy may improve the prognosis of Wt patients 
with PET SUVmax ≥6.0, LVI, or pN, that is, Wt high-risk 
patients, should receive aggressive adjuvant chemotherapy.

Our study has several limitations. First, this was a 
single-center, retrospective study. Second, among the 
703 patients with pathological stage IB-IIIA primary 
lung adenocarcinoma during the analysis period, 8.3% 
and 8.5% of the patients did not undergo EGFR muta-
tion analysis and PET-CT, respectively. These patients 
were excluded from this study, which may have caused 
a selection bias. Third, Wt patients are a heterogeneous 
population that includes patients with KRAS, ALK, and 
ROS-1 mutation lung cancer. It is necessary to examine 
the poor prognostic factors for RFS for each gene muta-
tion in lung cancer in the future.

Conclusions
In conclusion, we found that poor prognostic factors 
for RFS in stage IB-IIIA differ according to EGFR muta-
tion status. Smoking history, BVI, and pN were unfa-
vorable factors for RFS in Mt patients. In contrast, PET 
maxSUV≥6.0, LVI, pN, and adjuvant chemotherapy 
were prognostic factors for RFS in Wt patient.
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