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Obijective: We previously reported that the staging system and epidermal growth factor receptor
(EGFR) mutation status are key factors for treatment strategy and predicting survival. However,
the significance of these factors as predictors of overall survival (OS) and postoperative recur-
rence survival (PRS) has not been sufficiently elucidated. The objective here was to investigate
EGFR mutation status and p-stage, which affect PRS and OS in patients with completely resected
lung adenocarcinoma, using a different database.

Patients and methods: We retrospectively reviewed 56 consecutive lung adenocarcinoma
patients with disease recurrence in St. Marianna University Hospital between January 2010
and December 2014.

Results: EGFR mutants (M) were detected in 16/56 patients (29%). The patients with EGFR M
had a better OS than those with EGFR wild-type (WT) status (5-year survival: 50.3% vs 43.1,
P=0.133). There was no significant difference in the 3-year recurrence-free survival rate
between patients with M and WT (6.3% vs 7.7%, P=0.656), and the patients with EGFR M had
a significantly better 3-year PRS than those with WT (77.4% vs 51.7%, P=0.033). The 3-year
PRS rate for patients with M/pathologic stage (p-stage) I-II (87.5%) was better than that for
patients with M/p-stage III (60.0%), WT/p-stage I-1I (52.7%), and WT/p-stage III (43.8%).
There was a significant difference between patients with M/p-stage I and WT/p-stage I-1I or
WT/p-stage 111 (P=0.021 and 0.030, respectively). During the study period, of the 16 patients
with mutants, 12 patients (75%) received EGFR-tyrosine kinase inhibitor (TKI) therapy and
among the 40 patients with WT, no patient received EGFR-TKI therapy. Multivariate survival
analysis showed that patients with EGFR-TKI therapy had a statistically significant association
with favorable PRS (hazard ratio 0.271; 95% confidence interval 0.074—1.000; P=0.050).
Conclusion: EGFR status and p-stage were found to be essential prognostic factors for
estimating PRS using this database. The recurrent patients with EGFR M and EGFR-TKI
therapy had a statistically significant association with favorable PRS.

Keywords: EGFR, lung adenocarcinoma, postoperative recurrence survival

Introduction

Surgical resection with a curative intent is considered to be the standard treatment
for early-stage non-small-cell lung cancer (NSCLC). However, recurrence rates after
complete resection for stage I to III of NSCLC are from 30% to 75% and depend on
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pathologic staging and follow-up period. Even with com-
bined modality treatment, including chemotherapy, radio-
therapy, or other therapeutic modalities, most patients with
recurrence after resection have little possibility of cure.'™
With the advancement of local and systemic therapies for
recurrent NSCLC, survival after disease recurrence, which
we defined as postoperative recurrence survival (PRS), has
extensively improved.'* However, conclusive factors that
affect PRS in NSCLC have not been discussed as widely
as those that affect overall survival (OS) or recurrence-free
survival (RFS) from the time of initial treatment.

The epidermal growth factor receptor (EGFR) mutation,
which has been detected mostly in lung adenocarcinoma, is
a predictor of response to EGFR tyrosine kinase inhibitors
(TKIs), with 70%—-80% of NSCLC patients receiving sub-
stantial benefits from these targeted therapies. EGFR muta-
tion is reported to be a predictive and prognostic factor of
EGFR-TKI therapy outcome.” Testing for these mutations
in all patients with recurrent/metastatic lung adenocarcinoma
is, therefore, recommended in standard practice.

We previously reported that the staging system and
EGFR mutation status are key factors for treatment strategy
and survival prediction.’ However, the significance of these
factors as predictors of OS and PRS has not been sufficiently
elucidated. This study aims to further investigate EGFR
mutation status and pathologic stage (p-stage), which affect
PRS and OS in patients with completely resected lung adeno-
carcinoma, using a different database during the standard
treatment with EGFR-TKIs in patients with NSCLC with
EGFR mutations.

Patients and methods

Patient selection

We retrospectively reviewed a total of 340 consecutive patients
with adenocarcinoma who underwent lobectomy, bilobec-
tomy, or pneumonectomy with systematic lymph node dis-
section at St. Marianna University Hospital from January
2010 to December 2014. Of these, 75 (22%) patients had
recurrence of disease after surgery during median follow-up
time of 36.6 months (range, 6.0—77.0 months). We excluded
six patients who had received preoperative chemotherapy,
radiotherapy, or both, or patients whose tumors had EGFR
mutation in exon 20 (two patients because of resistance to
EGFR-TKIs) or the echinoderm microtubule-associated
protein-like 4-anaplastic lymphoma kinase fusion gene
(two patients). We excluded 11 patients who received good
supportive care, including only palliative radiotherapy for
controlling pain from bone metastasis, and no treatments such
as radiotherapy, chemotherapy, or surgical treatment after

disease recurrence. We enrolled the remaining 56 patients
with postoperative recurrent disease in this study.

Data collection

Preoperative evaluation included physical examination, chest
radiography, computed tomography (CT) scan of the chest
and abdomen, blood examination, and positron emission
tomography-CT scan. Histologic subtypes of lung cancer
were determined according to the World Health Organization
classification.'” Determination of the tumor stages was based
on the Seventh TNM Classification for Lung and Pleural
Tumors."!

All patients were followed up at our hospital every
3 months in the first year, every 6 months from the second
to the fifth year, and annually thereafter on an outpatient
basis, and were aimed at continuing follow-up for 10 years.
Follow-up procedures included physical examination, chest
radiography, and blood examination (including serum tumor
markers). CT scans of chest and upper abdomen were rou-
tinely done in every scheduled outpatient department visit at
our hospital for follow-up. Whenever any symptoms or signs
of recurrence were detected, magnetic resonance imaging
of the brain and bone scintigraphy were performed. Once
a metastasis was discovered by physical examination and
diagnostic imaging, histologic or cytologic confirmation of
the metastatic site was performed when clinically feasible.
Local recurrence was defined as disease recurrence at the
surgical margin, ipsilateral hemithorax, or mediastinum. Dis-
tant metastasis was defined as disease recurrence in the con-
tralateral lung or outside the hemithorax and mediastinum.
A second primary tumor was recorded when a patient pre-
sented with a new histologic type and with clinical features
consistent with a new primary tumor.

The hospital charts of all patients were reviewed to collect
clinicopathologic data including age, sex, smoking history,
tumor location, operative procedure, histologic type, tumor
size, vascular invasion, lymphatic permeation, visceral
pleural invasion, EGFR mutation status, administration of
EGFR-TKI therapy, recurrence pattern, OS, RFS, and PRS.
The institutional review board of the St Marianna University
School of Medicine approved the protocols for data collection
and analyses. The requirement for written informed consent
from the patients was waived because of the retrospective
study design. All patient data were maintained confidentially
throughout this research.

Statistical analysis
OS, RFS, and PRS were estimated using the Kaplan—Meier
method, and survival differences between patient groups
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were determined using log-rank analysis. OS was defined as
the time elapsed from the date of pulmonary resection to the
date of death. The length of PRS was defined as the interval
between the date of initial recurrence identification and the
date of either death or the last follow-up. RFS was defined
as the time elapsed from the date of pulmonary resection to
the date of the first tumor recurrence.

Univariate analysis was conducted between the groups.
Significance in a 2x2 contingency table was tested by
using the y? test. P-values and hazard ratios in the multi-
variate analyses were calculated using the Cox regression
model. All P-values <0.05 were considered to indicate a
statistically significant difference. All statistical calculations
were performed using the SPSS statistical software package
(version 21.0; SPSS, Inc., Chicago, IL, USA).

Results

Patient characteristics

The characteristics of the patients are listed in Table 1. Of the
56 patients, EGFR mutants (M) were detected in 16 patients
(29%). The most common EGFR mutation was in-frame
deletion in exon 19 (8/16; 50%). The second most common
mutation was missense mutation (mostly L858R) in exon 21
in seven patients (44%). Regarding the initial recurrence
patterns, 35 patients (64%) had distant or local and distant
recurrence and 21 patients (36%) had only local recurrence.
Of the 16 patients with mutants, 12 patients (75%) received
EGFR-TKI therapy. Among the 40 patients with wild-type
(WT) status, no patient received EGFR-TKI therapy.

Survival

The median follow-up time for all 56 patients was 36.6 months
(range, 6.0-77.0 months). The median PRS time for all
56 patients was 16.7 months (range, 0.7-61.0 months). The
S-year OS rates of patients with EGFR M and WT were
50.3% and 43.1%, respectively (Figure 1A). There was no
significant difference between them (P=0.133). The 3-year
RFS rates of patients with EGFR M and WT were 6.3% and
7.7%, respectively (P=0.656; Figure 1B). The 3-year PRS
of patients with EGFR M was significantly longer than that
of patients with WT (77.4% vs 51.7%, P=0.033; Figure 1C).
Figure 1D shows the PRS curves stratified according to the
EGFR status and the p-stage. The 3-year PRS rates for the
patients with EGFR M with p-I-1I, EGFR M with p-III,
WT with p-I-II, and WT with p-III were 87.5%, 60.0%,
52.7%, and 43.8%, respectively. There were statistically
significant differences in the PRS rates between the patients
with EGFR M with p-I-II and those with WT with p-I-II
(P=0.030) and between the patients with EGFR M with

Table | Patient characteristics (N=56)

Variable Category n (%)
Sex Male 36 (64)
Female 20 (36)
Median age (range), 70.3 (42-81)
years
Smoking habits Ever smoker/unknown 40 (71)
Never smoker 16 (29)
Tumor location Right 31 (55)
Left 25 (45)
Surgical procedure Lobectomy/bilobectomy 54 (96)
Pneumonectomy 2 (4)
Median tumor size 27.4 (0.7-83)
(range), cm
Pathologic N status NO 40 (71)
NI 509
N2 11 (20)
Pathologic stage IA/IB 37 (66)
IIA/1IB 8 (14)
A 11 (20)
Vascular invasion Positive 9 (16)
Lymphatic permeation Positive 17 (30)
Visceral pleural Positive 22 (39)
invasion
EGFR mutation status Mutant 16 (29)
(L858R/del 19/exon 18) 718/1
Wild type 40 (71)
Treatment for initial ~ Chemotherapy 48 (85)
recurrence Chemotherapy with radiotherapy 3 (5)
Radiotherapy 5(10)
EGFR-TKI therapy With 12 (21)
(Gefitinib/erlotinib/afatinib/both) ~ 6/2/3/1
Without 44 (79)
Initial recurrence Distant/both 35 (64)
pattern Locoregional 21 (36)
Initial recurrence site  Brain 9 (16)
(including duplication) Bone 8 (14)
Pleural dissemination/malignant 8 (14)
effusion
Lung 22 (39)
Lymph nodes 12 (21)
Liver 3(5)
Adrenal grand 1(2)

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase
inhibitor.

p-I-II and those with WT with p-IIT (P=0.021). There
were no significant differences between the patients with
EGFR M with p-IIT and those with WT with p-I-I1 (P=0.468).
Figure 2A and B shows that there was a significant difference
in PRS between patients with and without EGFR-TKIs
(P=0.045), but no significant difference in OS between the
two groups (P=0.165).

Prognostic factors
Of the 16 patients with mutants, 12 patients (75%) received
EGFR-TKI therapy. Among the 40 patients with WT, no
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Figure | (A) Overall survival stratified according to EGFR mutants and WT. (B) RFS stratified according to EGFR mutants and WT. (C) PRS stratified according to EGFR
mutants and WT. Significant differences in the PRS rates were observed between the patients with mutants and WT (P=0.030). (D) PRS stratified according to EGFR status
and p-stage. Significant differences in the PRS rates were observed between the patients with mutants/p-stage |-l and WT/p-stage I-ll (P=0.030) and between the patients
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Abbreviations: EGFR, epidermal growth factor receptor; PRS, postoperative recurrence survival; p-stage, pathologic stage; RFS, recurrence-free survival; WT, wild type.

patient received EGFR-TKI therapy. During the study
period, EGFR-TKIs were recommended for most recur-
rent or metastatic patients with lung adenocarcinoma with
EGFR M as the standard practice; we, therefore, selected
administration of EGFR-TKI for this prognostic analysis.
The potential prognostic factors for PRS were analyzed
using univariate survival analysis (Table 2), which showed
that sex and EGFR-TKI therapy were significant prognostic
factors. Multivariate survival analysis (Table 2) showed that
patients with EGFR-TKI therapy had a statistically significant
association with favorable PRS (hazard ratio 0.271; 95%
confidence interval 0.074—1.000; P=0.050).

Discussion

Personalization of lung cancer treatment requires predictive
biomarkers that have been validated by correlation between
tumor features and outcomes after therapy. Several mutations
have been identified in EGFR in NSCLC. Mutation status in
this gene is thought to be an important predictor of response
to EGFR-TKIs, with 70%—-80% of NSCLC patients receiving
substantial benefits from this targeted therapy.” EGFR muta-
tion is both a predictive and prognostic factor of EGFR-TKI
therapy outcome.”!? Testing for these mutations in all patients
with recurrent or metastatic lung adenocarcinoma is, there-
fore, recommended in standard practice.
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Figure 2 (A) Overall survival stratified according to whether EGFR-TKIs were administered or not. (B) RFS stratified according to whether EGFR-TKIs were administered
or not. Significant differences in the PRS rates were observed between the patients with and without EGFR-TKIs (P=0.045).
Abbreviations: EGFR, epidermal growth factor receptor; PRS, postoperative recurrence survival; RFS, recurrence-free survival; TKI, tyrosine kinase inhibitor.

We aimed to 1) identify the prognostic factors of PRS in
patients who underwent complete resection of lung adeno-
carcinoma, 2) clarify whether EGFR mutation status and
p-stage can be considered as conclusive indicators of OS or
PRS, and 3) elucidate whether the EGFR-TKI therapy and
p-stage at surgery affect prediction of PRS. We found that
having EGFR mutation itself was a favorable PRS factor,
but neither a predicting OS factor nor a disease free survival
factor. Although p-stage at surgery itself may not affect the
prediction of PRS, PRS outcomes were stratified by EGFR
mutation status and p-stage. Moreover, whether EGFR-TKI
therapy was administered was the most independent prog-
nostic factor in patients who underwent complete resection
of lung adenocarcinoma and relapsed.

Although several studies have reported on the PRS of
patients with NSCLC,! 31314 no standard treatment strategy
has been established for the patients with recurrence based
on prospective studies. The concept of PRS of surgically
treated patients has been the focus of much attention recently
because encouraging new treatments such as EGFR-TKIs,””?

Table 2 Univariate and multivariate analyses for PRS (N=56)

anaplastic lymphoma kinase inhibitors,'* vascular endothelial
growth factor antibody,'® or recently, immune check point
inhibitors'”'® have provided long-term PRS and better quality
of life to selected patients with recurrent or metastatic disease.
Several retrospective studies, in addition to our own recently
published study, have reported that shorter relapse-free
interval, initial recurrence pattern, lymph node metastasis
pattern, tumor differentiation, EGFR status, and administra-
tion of EGFR-TKIs and the p-stage are independent prognos-
tic factors for PRS.1>¢1319-23 I our current series, EGFR-TKI
administration was shown to be a strong independent prog-
nostic factor for estimating PRS. Of the 16 relapse patients
with EGFR mutants, 12 patients (75%) received EGFR-TKI
therapy. Because our series enrolled from 2010 when analysis
of EGFR status are common and EGFR-TKIs are already
thought as a standard first-line therapy in practice setting for
metastatic lung cancer patients with EGFR mutant.”*?* Our
results, however, demonstrated that p-stage at surgery may
not affect PRS, suggesting that p-stage at surgery does not
correlate with survival interval after relapse.

Variable UVA MVA

P-value Hazard ratio 95% CI P-value
Age <75 years (vs =75 years) 0.839 Not included in MVA
Male sex (vs female sex) 0.045% 0.342 0.073-1.589 0.171
Pathologic stage Il (vs I-I) 0.223 Not included in MVA
EGFR-TKI therapy: without (vs with) 0.026* 0.271 0.074-1.000 0.050*
Recurrence-free interval <I year (vs =1 year) 0.113 Not included in MVA
Initial recurrence pattern distant or both (vs locoregional) 0.668 Not included in MVA

Note: *P<<0.05.

Abbreviations: EGFR, epidermal growth factor receptor; MVA, multivariate analysis; PRS, postoperative recurrence survival; TKI, tyrosine kinase inhibitor; UVA,

univariate analysis.
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Two studies have reported that EGFR mutations have an
impact on prognosis after surgical resection of NSCLC?%
and that the mutation status of EGFR can serve as an indepen-
dent prognostic marker associated with decreased recurrence
and improved progression-free survival and OS in patients
with stage I lung adenocarcinoma.” This study, however,
restricted to patients who had no adjuvant or neoadjuvant
systemic therapy administered and focused solely on the
postoperative prognostic differences among different geno-
types, showed that the significant prognostic impact of EGFR
mutation was lost after adjusting for other confounding prog-
nostic factors.? Other studies in the literature corroborate this
finding.?”?® Additionally, we showed in our previous study
that EGFR mutation status and the use of EGFR-TKI therapy
particularly affected the PRS among patients who underwent
surgical resection for lung cancers,’ and that the results could
also affect OS in general. In this study of a small sample and
a short median follow-up time, however, we found that the
EGFR mutation status could affect only PRS, but not OS.

There are several limitations and biases of this study that
should be taken into account for interpreting the results. As a
retrospective single-institute study, patient selection bias
and time trend bias regarding the treatment for recurrent
diseases were inevitable. Because follow-up examination
of the patients after the initial resection was comparatively
uniform, systematic follow-up is suggested to increase the
early detection of recurrent lesions to which we could apply
intensive treatment. Recently, it has been shown there are
some differences in response to EGFR-TKIs among EGFR
mutation subtypes.?’ Because of the small size of sample in
our study, we could not analyze these differences.

Conclusion

We retrospectively reviewed 56 consecutive lung adeno-
carcinoma patients with disease recurrence in our hospital
between January 2010 and December 2014. EGFR status and
p-stage were also found to be essential prognostic factors for
estimating PRS using this database. The recurrent lung ade-
nocarcinoma patients with EGFR M and EGFR-TKI therapy
had a statistically significant association with favorable
PRS. Advances in treatment strategy for PRS may provide
improvement in OS among patients who undergo surgery.
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