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Introduction

Background: Despite complete resection, patients with resectable non-small cell lung cancer (NSCLC)
sometimes experience recurrence in various sites, generally with an unfavorable prognosis. Receptor tyrosine
kinase inhibitors (TKIs) have produced a dramatic response in patients with advanced NSCLC harboring
sensitive mutations.

Methods: We retrospectively investigated 281 patients with recurrence who underwent complete resection
of their NSCLC between January 2005 and December 2013 with tumors in which the status of epidermal
growth factor receptor (EGFR) mutation, KRAS mutation, and anaplastic lymphoma kinase (ALK)
rearrangement was confirmed. Clinicopathological factors, including mode of recurrence, oncogenic status,
and postrecurrence survival (PRS), were reviewed. We aimed to investigate the prognostic factors of PRS by
univariate and multivariate analyses.

Results: Among the 281 patients, 135 patients (48.0%) with EGFR mutation, 33 (11.7%) with KRAS
mutation, 13 (4.7%) with ALK rearrangement, and 100 (35.6%) with triple negative (TIN) mutation were
identified. Median survival time after recurrence was 26.1 months. In multivariate analysis, the presence of
EGFR mutation, pStage I, the presence of both local and systemic therapies for recurrence, and longer time
to recurrence (T'TR) were significant favorable factors for PRS. With regard to the initial site of recurrence,
the presence of pleural and/or bone recurrence reduced PRS significantly. The presence of pulmonary
recurrence increased PRS, especially in patients with EGFR- or ALK-mutated tumors.

Conclusions: This study documented the current outcomes of PRS. EGFR mutated status, pStage I,

longer TTR and presence of multimodal therapy for recurrence were favorable factors for PRS.
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Lung cancer is a leading cause of cancer deaths worldwide,
including Japan. In this decade, biological and molecular
profiling of lung cancer has enabled precise treatment for
advanced disease. For example, cytotoxic chemotherapy with

pemetrexed improved survival in patients with advanced
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non-small cell lung cancer (NSCLC) of nonsquamous
histology (1). Molecular targeted therapy also produced
favorable outcomes in selected patients. Epidermal growth
factor receptor (EGFR) gene mutations are identified most
commonly as oncogenic driver mutations in Asian patients
with NSCLC, and 70-80% of tumors with these mutations
responded to small-molecule tyrosine kinase inhibitors
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(TKIs) targeting EGFR (2-5). Anaplastic lymphoma kinase
(ALK) inhibitors produced good responses and prognostic
outcomes in tumors with ALK rearrangement (6,7).

For patients with early or locally advanced disease,
surgical resection is initially indicated as an option for
radical treatment. However, approximately half of patients
undergoing resection experience recurrence in locoregional
and/or distant sites (8-12). Patients with recurrence after
resection are often treated by the same systemic therapy
as patients with advanced disease, but their prognostic
outcomes may not be identical (13-15). Although treatment
strategy varies according to the oncogenic status of the
tumor and the mode of recurrence, the effects of current
strategies on postrecurrence survival (PRS) are not well
understood.

In this study, we aimed to investigate PRS in patients
with resected NSCLC in association with oncogenic status
of the tumors and patterns of recurrence. We also aimed to
identify the factors associated with PRS.

Methods

From January 2005 through December 2013, 1,305 patients
underwent resection of NSCLC at Aichi Cancer Center
Hospital. Patients with R1/2 resection were excluded from
the study. Three hundred fifty-three patients (27.0%) had a
recurrence after resection. Among these, we identified 281
patients with tumors in which the status of EGFR mutation,
KRAS mutation, and ALK rearrangement was confirmed,
and we included them in the study. The median follow-up
period for the 281 patients after recurrence was 26.1 months
(range, 1.3-108.3 months), and that of surviving patients
was 29.6 months (range, 1.4-85.8 months).
Clinicopathological data regarding age, gender, smoking
history, histology, pathological nodal status, surgical
procedure, oncogenic status, time to recurrence (T'TR),
treatment for recurrence, and PRS were reviewed from
the medical records. For further analyses of the effect of
metastatic site on PRS, the records of the initial metastatic
site were also collected. Primary tumor samples were
obtained from all 281 patients. Mutational analysis of
oncogenes was performed as previously described (16).
In brief, reverse transcriptase-polymerase chain reaction
direct sequencing of EGFR, KRAS, and ALK was used to
assess the mutational status in cases with available frozen
tissues. In the case with available paraffin-embedded
tissues, mutational status was determined using cycleave
methods for EGFR and KRAS. ALK rearrangement was
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screened using immunohistochemistry, and fluorescence
in situ hybridization was used for confirmation of ALK
rearrangement.

Chest CT every 6 months until 2 years postoperatively
and once a year thereafter were used as the standard follow-
up protocol. PET scan and brain surveillance were not
mandatory; introductions of them depended on physicians.
The initial sites of recurrence were defined as the recurrent
sites diagnosed first after resection, other sites identified in
subsequent systemic surveillance, as well as those diagnosed
within 1 month from the initial detection.

The study was approved by our institutional review
board and waived the need for written informed consent
from each patient.

PRS was measured from the date of initial recurrence
until either death or the last day of follow-up. Survival
curves were created by the Kaplan-Meier method.
Univariate and multivariate analyses were performed using
the Cox regression hazard model to assess the prognostic
significance of the individual factors for PRS. The effects of
the initial site of recurrence were analyzed by the log rank
test based on the Kaplan-Meier method. Statistical analyses
were performed with SPSS software for Windows, version
12.0 IBM, Armonk, NY, USA). In both the univariate and
the multivariate analyses, P<0.05 was considered to indicate
statistical significance.

Results

Patient demographics are shown in 7uble 1. The majority
of patients had tumors with adenocarcinoma histology
(239 cases; 85.1%). More than half of the patients (173
cases; 61.6%) were diagnosed as stage II-III disease at
initial surgery. We identified 135 patients (48.0%) with
EGFR mutations, 33 (11.7%) with KRAS mutations, 13
(4.7%) with ALK mutations, and 100 (35.6%) with triple
negative (TN) mutations. One hundred eight of 135
patients (80.0%) with EGFR-mutated tumors and 10 of
13 patients (76.9%) with ALK-rearranged tumors received
TKI therapy after recurrence. Approximately half of the
patients received adjuvant therapy (47.0%). Definitive
local treatment, including radiotherapy and/or surgery, was
performed in 92 patients (32.8%) for recurrence. Among
them, metastasectomy was indicated in 34 patients, with
resection of 13 pulmonary lesions, four adrenal lesions, and
three brain lesions. In terms of the number of the recurrent
organs, prevalence of local therapy is 43% in patients with
single organ metastasis, which is higher than that with
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Table 1 Patients characteristics

Variables N=281 %
Sex

Male/female 161/120 57.3/42.7
Age

Mean + SD 65.3+9.58 -
Smoking history

Present/absent 163/118 58.0/42.0
Histology

AD/SQ/others 239/16/26 85.1/5.7/9.2
Induction therapy

Present 7 2.5
pStage

17111 108/173 38.4/61.6
Surgical procedure

Standard/limited 259/22 92.2/7.8
Oncogenic status

EGFR 135 48.0

ALK 13 4.7

KRAS 33 11.7

TN 100 35.6
Adjuvant therapy

Present 132 47.0
Single organ metastasis

Present 167 59.4
Treatment for recurrence

None 39 13.8

RT/S 37 13.2

CT/TKI 150 53.4

RT/S + CT/TKI 55 19.6
TTR (months)

Mean + SD 12.7+8.83 -

AD, adenocarcinoma; SQ, squamous cell carcinoma; EGFR,

epidermal growth factor receptor; ALK, anaplastic lymphoma

kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog;

TN, triple negative; RT/S, radiotherapy and/or surgery; CT/TKI,
chemotherapy and/or tyrosine kinase inhibitor treatment; TTR,

time to recurrence.
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multiple organ metastases (17.6%; P<0.001). In patients
with single organ metastasis, local therapies were frequently
indicated for metastases in the adrenal gland, brain, and
locoregional site (100%, 81.5%, 63.9%, respectively, data
not shown).

The median PRS time among the 281 patients was
26.1 months; the 3- and 5-year PRS rates were 55.7%
and 34.8%, respectively (Figure 14). The median PRS
time was 36.1 months for patients with EGFR mutations,
18.2 months for patients with KRAS mutations,
35.8 months for patients with ALK rearrangements,
and 16.5 months for patients with TN mutations. The
respective 3- and 5-year PRS rates were 68.0% and 41.9%
for patients with EGFR mutations, 34.1% and 27.3%
for patients with KRAS mutations, 60.6% and 60.6% for
patients with ALK rearrangements, and 44.5% and 24.3%
for patients with TN mutations (P<0.001) (Figure 1B).

Univariate analyses were performed to determine
factors associated with PRS. Female sex, never having
smoked, pStage I, presence of EGFR mutation, single
organ metastasis, presence of both local and systemic
treatments for recurrence, and longer TTR were significant
favorable factors for PRS (P=0.026, P=0.003, P=0.002,
P=0.002, P=0.013, P=0.004, and P<0.001, respectively),
Adenocarcinoma histology were not favorable factors for
PRS (Table 2). Multivariate analysis revealed that pStage I,
presence of EGFR mutation, presence of both local and
systemic treatments for recurrence, and longer TTR were
independent favorable factors for PRS (P=0.011, P=0.003,
P=0.003, and P<0.001, respectively, Table 3).

Table 4 shows the prevalence rates of initial recurrence
at different sites for the whole cohort and for the four
oncogenic cohorts. Locoregional sites and lungs were the
most frequent metastatic sites. Recurrence in the adrenal
glands was observed in only 12 patients (4.3%). There were
significant differences in the prevalence of pleural recurrence
among the four groups (P=0.043); pleural recurrence
was most frequent in patients with EGFR mutations
(22.2%). Eleven of the 12 patients (91.7%) with adrenal
gland recurrence had TN status (P=0.001). Investigating
the effect of the site of initial recurrence on PRS, we
found that the presence of single organ metastasis and the
presence of pulmonary recurrence prolonged PRS strongly
(Figure 2). The 3- and 5-year PRS rates for patients with
pulmonary recurrence were favorable at 69.1% and 50.3%,
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Figure 1 PRS curves of patients with recurrence after resection of NSCLC. (A) PRS curves for all 281 patients with recurrence; (B) PRS

curves for patients with recurrence according to oncogenic status. PRS, postrecurrence survival; NSCLC, non-small cell lung cancer.

Table 2 Univariate analyses of factors associated with PRS

Variables Test Reference HR 95% ClI P value
Sex Male Female 1.470 1.047-2.063 0.026
Age - - 1.013 0.995-1.031 0.168
Smoking history Present Absent 1.672 1.191-2.348 0.003
Histology AD Non-AD 0.717 0.451-1.141 0.161
Induction therapy Present Absent 2.205 0.698-6.963 0.178
pStage | -1 0.573 0.471-0.821 0.002
Surgical procedure Standard Limited 1.200 0.691-2.084 0.518
Oncogenic status EGFR - 0.452 0.272-0.749 0.002
ALK KRAS 0.422 0.158-1.125 0.085
TN - 0.895 0.536-1.493 0.670
Adjuvant therapy Present Absent 0.811 0.584-1.127 0.212
Single organ metastasis Present Absent 0.656 0.471-0.915 0.013
Treatment for recurrence RT/S None 0.513 0.252-1.043 0.065
CT/TKI 0.643 0.375-1.071 0.088
RT/S + CT/TKI 0.401 0.217-0.742 0.004
TTR - - 0.961 0.946-0.976 <0.001

PRS, postrecurrence survival; HR, hazard ratio; Cl, confidence interval; AD, adenocarcinoma; EGFR, epidermal growth factor receptor;
ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog; TN, triple negative; RT/S, radiotherapy and/or
surgery; CT/TKI, chemotherapy and/or tyrosine kinase inhibitor treatment; TTR, time to recurrence.

respectively. On the other hand, the 3- and 5-year PRS
rates for patients with recurrence at non-pulmonary sites
were 49.8% and 27.9%, respectively (P=0.001) (Figure 2C).
The presence of pleural recurrence and/or bone metastasis
decreased PRS (Figure 2D,F). The 3- and 5-year PRS
rates for the 45 patients with pleural recurrence were
extremely low at 32.8% and 10.2%, respectively (P<0.001)
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(Figure 2D). Presence of locoregional recurrence and brain
recurrence did not significantly impact PRS (Figure 2B,E).
We divided the cohort into EGFR/ALK and KRAS/
TN groups and evaluated the effects of recurrence site and
oncogenic status on PRS. Although the survival of patients
with pulmonary recurrence remained high in the EGFR/
ALK group (P<0.001; Figure 34), the difference of PRS
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Table 3 Multivariate analyses of factors associated with PRS

Mizuno et al. Current outcomes of PRS in NSCLC

Variables Test Reference HR 95% CI P value
Sex Male Female 1.077 0.643-1.804 0.778
Smoking history Present Absent 1.063 0.640-1.767 0.812
pStage | -1 0.616 0.423-0.897 0.011
Oncogenic status EGFR 0.428 0.247-0.743 0.003
ALK KRAS 0.595 0.211-1.676 0.326

TN 0.931 0.554-1.565 0.788
Single organ metastasis Present Absent 0.752 0.525-1.078 0.121
Treatment for recurrence RT/S None 0.479 0.226-1.019 0.056
CT/TKI 0.760 0.433-1.332 0.336

CT/TKI +RT/S 0.372 0.194-0.714 0.003

TTR - - 0.962 0.946-0.979 <0.001

PRS, postrecurrence survival; HR, hazard ratio; Cl, confidence interval; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma
kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog; TN, triple negative; RT/S, radiotherapy and/or surgery; CT/TKI, chemotherapy

and/or tyrosine kinase inhibitor treatment; TTR, time to recurrence.

Table 4 Initial sites of recurrence after pulmonary resections by oncogenic status

Total EGFR KRAS ALK TN
Recurrent site P value
N=281 % N=135 % N=33 % N=13 % N=100 %

Locoregional site 83 29.5 38 28.1 6 18.2 5 38.5 34 34.0 0.31
Lung 88 31.3 43 31.9 14 42.4 4 30.8 27 27.0 0.64
Pleura 45 16.0 30 22.2 1 3.0 2 15.4 12 12.0 0.043
Brain 52 18.5 25 18.5 8 24.2 2 15.4 17 17.0 0.79
Bone 65 23.1 31 23.0 10 30.3 4 30.8 20 20.0 0.65
Adrenal gland 12 4.3 0 0.0 1 3.0 0 0.0 11 11.0 0.001
Single organ 167 59.4 81 60.0 19 57.6 8 61.5 59 59.0 0.99

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog; TN, triple

negative.

was revealed to be unclear in the KRAS/TN group by the
presence of pulmonary recurrence (P=0.53; Figure 3B). The
presence of pleural recurrence further worsened PRS in
both groups (P<0.001 and 0.006, respectively) (Figure 3C,D).
The impact of bone recurrence on PRS was marginal in the
EGFR/ALK group (P=0.056, Figure 3E), but not significant
in the KRAS/TN group (P=0.11, Figure 3F).

Discussion

After innovations in diagnostic modalities and treatments,
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including adjuvant therapy, survival outcomes in patients
with resected NSCLC have improved (1,17,18). According
to the Japanese Lung Cancer Registry Study, the 5-year
survival rate increased to 69.6% in 2004 from 51.9% in
1994 (19). Despite improvement in survival, we often
observe patients who experience recurrence after surgical
resection. The incidence of recurrence varies among
reports, ranging from 17.7% to 41.5% (9-12,20). The
incidence of 27.0% in our study is consistent with other
studies.

The lung, hilar/mediastinal lymph nodes, brain, bone,

J Thorac Dis 2018;10(3):1788-1796
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Figure 2 PRS curves of patients with recurrence after resection of NSCLC according to the initial site of recurrence. (A) PRS curves

for patients with recurrence at a single organ; (B) PRS curves for patients with locoregional recurrence; (C) PRS curves for patients with

pulmonary recurrence; (D) PRS curves for patients with pleural recurrence; (E) PRS curves for patients with brain recurrence; (F) PRS

curves for patients with bone recurrence. PRS, postrecurrence survival; NSCLC, non-small cell lung cancer.

liver, pleura, adrenal glands, and others are common
metastatic sites of NSCLC. Recurrence can occur in
multiple sites as well as single sites. Studies have reported
recurrence in multiple sites in 19% to 24.7% of patients
with recurrence (10-12).

Sonobe er al. reported a 49.1% recurrence rate in
multiple sites in a Japanese cohort, similar to the rate of
40.6% in our study (9). These results suggest that follow-up
policy and diagnostic modalities, in addition to racial issues,
may affect patient characteristics.

Survival after recurrence in patients with resected
NSCLC is commonly unfavorable. PRS rates of 37%
and 17% at 1 and 2 years, respectively, were reported by
Sugimura et /. (10) and Williams er a/. (12). The results
of Sugimura et /. and Williams et 4/. are based on data
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from patients treated before 2001. Studies based on data
including patients whose treatment started in this decade,
when molecular targeted therapies were introduced
clinically, found better outcomes, with PRS rates of 68.3%
at 1 year and 45.8% to 52.1% at 2 years (20,21). Recent
analyses of prolonged PRS found 3- and 5-year PRS rates
of 28.4-33.0% and 19.9-29.8%, respectively (9,22,23).
Recently, Sekihara et al. reported the novel outcomes of
long-term PRS in patients resected between 1993 and
2006 (24), whereas the trend of long-term PRS may not be
identical with our cohort. The improvements in PRS may
be attributable to several factors, including the introduction
of molecular targeted therapies, improved selection of
patients for therapy, and earlier detection of recurrence
owing to innovative diagnostic modalities.

J Thorac Dis 2018;10(3):1788-1796
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subgroup. (A) PRS curves for patients with EGFR/ALK patients with pulmonary recurrence; (B) PRS curves for patients with KRAS/
TN patients with pulmonary recurrence; (C) PRS curves for EGFR/ALK patients with pleural recurrence; (D) PRS curves for KRAS/TN
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EGFR-TKIs, including gefitinib and erlotinib, are the
targeted drugs that have been introduced into clinical use for
treatment of advanced NSCLC. The Iressa Pan-Asia Study
showed that clinical factors such as female sex, nonsmoking
status, and adenocarcinoma histology predicted the efficacy
of gefitinib in East Asia (25). Although whether EGFR gene
mutation itself is a prognostic factor is controversial (26-28),
the presence of mutations in the kinase domain was
strongly correlated with increased response to EGFR-TKI,
and more than 70% of the response rate was prospected.
Several randomized phase 3 trials compared gefitinib with
the conventional treatment with cisplatin and docetaxel
for first-line treatment of advanced NSCLC. These trials
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demonstrated the superiority of gefitinib treatment for
progression-free survival (14,29). In the postoperative
recurrence setting, we previously reported the survival
benefit of gefitinib treatment in patients with EGFR-
mutated NSCLC (3,30). New-generation TKIs and
treatment with immune checkpoint inhibitors may further
improve the prognosis of patients with recurrence in the
future.

In this study, we also investigated the effect of the initial
site of recurrence on PRS. We found that survival was
better in patients with pulmonary recurrence, especially in
those with EGFR- or ALK-mutated tumors. Those with
pleural recurrence had extremely poor survival. We suggest

J Thorac Dis 2018;10(3):1788-1796
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that NSCLC tumors may have a variety of behaviors
according to the metastatic sites, and that the sites may
be associated with the biological tumor phenotypes. It is
possible that tumors associated with pulmonary recurrence
originally have a less aggressive nature, making them a good
indication for local therapy. Further investigations based on
larger series are required to confirm our results concerning
the metastatic sites and genetic status.

Our study has several limitations due to the retrospective
design. The follow-up policy was not firmly defined; the
surveillance interval and the diagnostic modalities were not
completely consistent over the study period. Second, the
diagnosis of recurrence was mainly based on radiological
findings without pathological confirmation. Although we
believe that our clinical diagnoses of recurrence were valid,
we could not completely rule out that some cases diagnosed
as recurrence were cases of metachronous second primary
lung cancers. Last, the contributions of driver mutations
other than EGFR, ALK, and KRAS were not analyzed.
We should also interpret our results considering the
heterogeneity of the TN group.

In conclusion, we identified that pStage I, EGFR
mutated status, presence of both local and systemic
therapies for recurrence, and longer TTR were favorable
factors for PRS in patients with resected NSCLC. The
beneficial effects of treatment may be related to variables
including oncogenic status and metastatic pattern.
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