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Prognosis of Recurrence after Complete Resection in Early-Stage

Non-Small Cell Lung Cancer

Pil Jo Choi, M.D., Sang Seok Jeong, M.D., Sung Sil Yoon, M.D.

Background: Tumor recurrence is the most common cause of treatment failure, even after complete resection of
early-stage non-small cell lung cancer (NSCLC). In this study, we investigated the prognosis of patients with early
recurrence in order to identify independent risk factors related to early recurrence. Methods: Between February
1995 and December 2012, 242 patients who underwent surgical resection for stage | NSCLC at Dong-A University
Hospital were reviewed. The factors predicting overall survival (OS) and early recurrence were investigated. We al-
so investigated the relationship between the patterns and period of recurrence and clinicopathological factors.
Results: For patients with stage IA and IB NSCLC, the 5-year OS rate was 75.7% and 57.3% (p=0.006),
respectively. A multivariate Cox proportional hazards model demonstrated that gender (p=0.004), comorbidity number
(p=0.038), resection type (p=0.002), and tumor size (p=0.022) were the statistically significant predictors of OS.
Moreover, the multivariate analysis revealed that smoking history (p=0.023) and histologic grade (p=0.012) were the
independent predictors of early recurrence. Additionally, only histologic grade (poor differentiation) was found to be
significantly associated with a higher frequency of distant metastasis; there was no relationship between the pat-
terns and period of recurrence and clinicopathological factors. Conclusion: The present study demonstrated that
smoking history and histologic grade were independent prognostic factors for early recurrence within two years in
patients with early-stage NSCLC. Patients with these predictive factors may be good candidates for adjuvant

therapy.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths
worldwide. Non-small cell lung cancer (NSCLC) accounts for
approximately 80% of all lung cancer patients. The treatment
strategy chosen for patients with NSCLC is generally guided

by the tumor-node—metastasis (TNM) classification. Only ap-

proximately 25% of the patients are diagnosed with ear-
ly-stage (stage I) disease, for which surgical resection offers
the possibility of a cure. However, even after complete re-
section of early-stage NSCLC, there is a wide spectrum of
outcomes [1,2]. Tumor recurrence is the most common cause
of disease failure after surgical resection and the main ob-

stacle for long-term survival. TNM staging indicates the level
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of disease progression and malignant potential of primary
lung cancer [3]. However, even patients with disease at the
same stage are split between recurrence and the non-re-
currence groups after complete resection. Therefore, the cur-
rent TNM staging system may have reached the limit of its
usefulness [4]. The identification of factors related to re-
currence following surgery may help to evaluate the risk of
disease recurrence in NSCLC patients. Moreover, identi-
fication of risk factors associated with recurrence patterns
(local recurrence and distant metastasis) after surgical re-
section can help stratify patients with higher risks in the ad-
ministration of potentially harmful adjuvant therapies. Only a
few studies have reported the survival, patterns of recurrence,
and risk factors analyses predicting recurrence in resected
stage I NSCLC [1,3,5]. The purpose of this study is to eluci-
date the prognosis of patients with early recurrence within
two years of surgery and to identify independent risk factors
related to early recurrence. We also investigated the relation-
ship between the patterns and period of recurrence and clin-

icopathological factors.

METHODS

A total of 272 patients (including those of previous bron-
chial alveolar carcinoma: 48 patients) who underwent surgical
resection for stage I NSCLC at Dong-A University Hospital
between February 1995 and December 2012 were reviewed.
All of these patients underwent lobectomy and systemic
lymph node dissection, and had no history of malignant
disease. The following exclusion criteria were applied: sub-
lobar resection (n=7); preoperative chemotherapy, radio-
therapy, or both (n=15); and death within 30 days of oper-
ation (n=8). Of the 272 patients, the remaining 242 patients
provided sufficient data to be included in the study. Video-as-
sisted thoracoscopic surgery was performed on 88 of these
patients (36%).

Preoperative evaluation included physical examination,
chest radiography, chest computed tomography (CT) scan, ab-
dominal CT scan or ultrasonography, bone scintigraphy, blood
examination, and brain CT scan or magnetic resonance imag-
ing, and since 2004, positron-emission tomography (PET)-CT
scan. The chest CT scan or PET-CT scan and the blood ex-

amination (including serum tumor markers) were performed
within 6 months after surgery, and every 6 months thereafter.
Patients were staged according to the 7th TNM staging pro-
posed by the International Staging Committee of the Interna-
tional Association for the Study of Lung Cancer. Histologic
subtypes of lung cancer were determined according to the
World Health Organization classification.

Follow-up was carried out through routine office visits or
by telephone contact. All of the patients were followed
through March 2013. Second primary lung cancer was differ-
entiated from recurrent NSCLC according to the criteria pro-
posed by Martini et al. [6]. Recurrences were diagnosed by
physical examination and diagnostic imaging. Histological or
cytological confirmation of the recurrence was made when
clinically feasible. Local recurrence was defined as disease re-
currence in contiguous anatomic sites, including the surgical
margin, ipsilateral hemithorax, and mediastinum after surgical
resection. Distant metastasis was defined as tumor recurrence
in the contralateral lung or outside the hemithorax and media-
stinum after surgical resection.

The demographic data collected included age, gender, num-
ber of comorbidities, smoking status, tumor location (upper
vs. non-upper), tumor laterality (right vs. left), extent of re-
section (single lobectomy vs. more than bilobectomy), tumor
size, pathologic stage (stage IA or IB), histology (adenocarci-
noma, squamous, and others: adenosquamous cell carcinoma,
large cell carcinoma, adenocarcinoma mixed with large cell
carcinoma, squamous cell carcinoma mixed with large cell
carcinoma, etc.), tumor differentiation (well/moderate vs.
poor), adjuvant therapy, and PET-CT maximum standardized
uptake value (maxSUV). The subtypes of adenocarcinoma
were categorized by its differentiation degree, that is lepidic
type (including bronchial alveolar carcinoma) into well differ-
entiated, acinar and papillary type into moderate, and solid
and micropapillary into poor.

All statistical analyses were performed using IBM SPSS
ver. 20 (IBM Co., Armonk, NY, USA). To investigate their
impact on disease-free status (no recurrence vs. recurrence),
patterns of recurrence (local recurrence vs. distant metastasis),
period of recurrence (early recurrence vs. late recurrence), and
clinicopathological factors were analyzed. To compare be-

tween the groups with respect to categorical and continuous
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Table 1. Characteristics of 242 patients with resected early stage
non-small cell lung cancer

Characteristic Determination

Sex

Male 173 (71.5)

Female 69 (28.5)
Age (y1)

Mean 62.9

Median (range) 63.7 (24-82)
Comorbidity no.

0orl 191 (78.9)

>2 51 (21.1)
Smoking

Non 108 (44.6)

Current/past 120 (49.6)
Tumor location

Upper (including middle) 145 (59.9)

Lower 84 (34.7)
Tumor laterality

Right 147 (60.7)

Left 95 (39.3)
Resection type

Lobectomy 206 (85.1)

Bilobectomy/pneumonectomy 36 (14.9)
Tumor size (cm)

Mean 3.1

Median (range) 2.9 (0.5-5.0)
Stage

1A 112 (46.3)

1B 130 (53.7)
Cell type

Adenocarcinoma 126 (52.1)

Squamous cell carcinoma 92 (38.0)

Others 23 (9.5)
Histologic grade

Poor 34 (14.0)

Moderate/well 179 (74.0)
Adjuvant therapy

Non 218 (90.1)

Received 24 (9.9)
PET-CT, maxSUV (154 patients since 2004)

>4 99 (64.3)

<4 40 (26.0)

Values are presented as number (%).
PET-CT, positron emission tomography-computed tomography;
maxSUV, maximum standardized uptake value.

variables, the chi-square test or Student t-test was used.
Statistically significant differences were accepted at p <0.05.

Overall survival (OS) was measured from the date of surgery
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Fig. 1. Overall survival curve for stage IA and IB.

to the date of death from any cause or date on which the pa-
tient was last known to be alive. Disease-free survival (DFS)
was measured from the date of resection to the date of the
first recurrence or last follow-up showing no recurrence.
Survival was estimated using the Kaplan-Meier method, and
the significance of comparisons was examined using the
log-rank test. Mutivariate analyses were performed by means
of a logistic regression analysis and the Cox proportional
hazards model. Only variables with p<0.05 after the uni-

variate analysis were considered in the multivariate analysis.
RESULTS

The median follow-up time for all 242 resected early-stage
NSCLC patients was 44.3 months (mean, 54.4+44.4 months).
The baseline characteristics of these 242 patients are listed in
Table 1. Fig. 1 and Fig. 2 show the OS and DFS curve of
242 patients with stage I NSCLC. For patients with stage 1A
and IB NSCLC, the 5-year OS rates were 75.7% and 57.3%
(p=0.006), respectively, whereas the 5-year DFS rates were
71.7% and 54.7% (p=0.008), respectively.

The patients were classified into three groups according to
the interval between operation and recurrence: 165 patients
(68.2%) had no recurrence (NR), 43 patients (17.8%) had re-
currence within two years (early recurrence, ER), and 34 pa-
tients (14.0%) had recurrence more than two years after sur-
gery (late recurrence, LR). The distribution of time to re-

currence is shown in Table 2. Patients with recurrence had a
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Fig. 2. Disease-free survival curve for stage IA and IB.

Table 2. Group according to the interval between surgery and re-
currence

Interval Value
No recurrence 165 (68.2)
Recurrence 77 (31.8)
Early recurrence (<2 yr) 43 (17.8)
Late recurrence (>2 yr) 34 (14.0)

Values are presented as number (%).

significantly worse survival (p=0.000). The S5-year survival
rate for patients in the ER group was 22.8%, while this was
57.3% in the LR group and 82.1% in the NR group (Fig. 3).
Table 3 shows the results of the univariate and multivariate
analyses of the risk factors for overall recurrence in patients
after surgical resection. The results of the univariate analysis
showed that the following six factors were significantly asso-
ciated with increased recurrence rates: gender, smoking status,
tumor size, pathologic stage, histologic grade, and PET-CT
maxSUV. There was no statistical difference in terms of age,
number of comorbidities, tumor location, tumor laterality, re-
section type, histology, and adjuvant therapy. In the multi-
variate analysis, the independent predictor of recurrence was
the histologic grade (p=0.017).

The patterns of recurrence included local recurrence in 26
patients (33.8%) and distant metastasis in 51 patients
(66.2%). Table 4 shows a comparison of clinicopathological
factors according to the pattern of recurrence (local re-

currence only or distant metastasis). Only histologic grade
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Fig. 3. Overall survival for early-stage non-small cell lung cancer
according to the interval from surgical resection to recurrence.

Table 3. Univariate and multivariate analyses of risk factors for
overall recurrent patients after surgical resection

Recurrence (n=77),

multivariate
Risk factor — p-value
Univariate OR (95% CI)
p-value

Sex 0.015 - -
Age (yr) 0.223 - -
Comorbidity no. 0.549 - -
Smoking 0.009 - -
Tumor location 0.840 - -
Tumor laterality 0.529 - -
Resection type 0.324 - -
Tumor size (cm) 0.032 - -
Stage 0.017 - -
Cell type 0.923 - -
Histologic grade 0.003  2.62 (1.192-5.750) 0.017
Adjuvant therapy 0.769 - -

PET-CT, maxSUV >4 0.005 - -
(46 patients since 2004)

OR, odds ratio; CI, confidence interval; PET-CT, positron
emission tomography-computed tomography; maxSUV, max-
imum standardized uptake value.

(poor differentiation) was found to be significantly associated
with a higher frequency of distant metastasis.

Table 5 shows the results of the univariate and multivariate
analyses of risk factors between early recurrence patients and

no recurrence patients after surgical resection. The results of
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Table 4. Relationship between pattern of recurrence and clinicopathologic variables

Pattern of recurrence

Variable p-value
Local recurrence (n=26) Distant metastasis (n=51)

Sex 0.543
Male 20 43
Female 6 8

Age (yr) 0.101
Mean 61.7 65.1
Median (range) 63.5 (43.0-74.0) 68.0 (44.0-79.0)

Comorbidity no. 0.667
0orl 21 39
=2 5 12

Smoking 0.381
Non 10 15
Current/past 14 33

Tumor location 0.742
Upper (including middle) 16 27
Lower 9 18

Tumor laterality 0.466
Right 18 31
Left 8 20

Resection type 0.360
Lobectomy 23 40
Bilobectomy/pneumonectomy 3 11

Tumor size (cm) 0.234
Mean 31 35
Median (range) 2.5 (1.8-5.0) 3.5 (1.0-5.0)

Stage 0.145
1A 12 15
1B 14 36

Cell type 0.405
Adenocarcinoma 14 25
Squamous cell carcinoma 11 19
Others 1 7

Histologic grade 0.003
Poor 1 17
Moderate/well 22 27

Adjuvant therapy 0.412
Non 25 45
Received 1 6

PET-CT, maxSUV (46 patients since 2004) 0.648
>4 13 26
<4 1 5

PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value.

the univariate analysis showed that the following six factors smoking status (p=0.023) and histologic grade (p=0.012) were
were significantly associated with early recurrence: gender, the independent predictors of early recurrence.

smoking status, tumor size, pathologic stage, histologic grade, Similar analyses were performed to assess the predictors of
and PET-CT maxSUV. The multivariate analysis revealed that worse OS in patients with early-stage NSCLC. The univariate
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analysis indicated that gender, age, number of comorbidities,
resection type, tumor size, pathologic stage, adjuvant therapy,
and PET-CT maxSUV were the predictors of worse OS. A

multivariate Cox proportional hazards model demonstrated

Table 5. Univariate and multivariate analyses of risk factors be-
tween early recurrent patients and no recurrent patients

Early recurrence (n=43),

multivariate
Risk factor — p-value
Univariate OR (95% CI)
p-value

Sex 0.013 - -
Age (yr) 0.200 - -
Comorbidity no. 0.425 - -
Smoking 0.002 2.740 (1.151-6.524) 0.023
Tumor location 0.736 - -
Tumor laterality 0.685 - -
Resection type 0.619 - -
Tumor size (cm) 0.032 - -
Stage 0.013 - -
Cell type 0.862 - -
Histologic grade 0.010 3.357 (1.301-8.666) 0.012
Adjuvant therapy 0.772 - -
PET-CT, maxSUV >4 0.003 - -

(154 patients since 2004)

OR, odds ratio; CI, confidence interval, PET-CT, positron
emission tomography-computed tomography; maxSUV, max-
imum standardized uptake value.

that gender (p=0.004), number of comorbidities (p=0.038), re-
section type (p=0.002), and tumor size (p=0.022) were the
statistically significant predictors that carried an increased risk
of mortality in patients with early-stage NSCLC (Table 6).

DISCUSSION

Lung cancer is the most fatal malignancy in most countries
throughout the world. NSCLC represents more than 80% of
all newly diagnosed cases of lung cancer. Anatomic surgical
resection remains the best curative option for early-stage dis-
ease, but unfortunately, only 15% to 25% of patients have
early-stage disease that can benefit from radical resection at
diagnosis.

Long-term survival in NSCLC following surgical resection
is stage-related. However, even when the surgical treatment
of stage I lung cancer patients is considered successful, it is
still a challenge to control this early-stage disease, mostly be-
cause of recurrence. Tumor recurrence is the most common
cause of treatment failure after surgical resection [6-10]. The
purpose of this study is to identify the factors related to re-
currence following surgery and help stratify patients with
higher risks into the administration of potentially harmful ad-
juvant therapies. There are two methods for the identification

of factors related to recurrence following surgery. One is the

Table 6. Risk factors for overall survival of patients with resected early stage non-small cell lung cancer

Early stage (n=242), multivariate

Risk factor p-value
Univariate p-value OR (95% CI)

Sex 0.006 2.559 (1.339-4.890) 0.004
Age (yr) 0.002 - -
Comorbidity no. 0.004 1.911 (1.037-3.520) 0.038
Smoking 0.086 - -
Tumor location 0.640 - -
Tumor laterality 0.635 - -
Resection type 0.001 2.511 (1.389-4.541) 0.002
Tumor size (>3 cm) 0.002 1.775 (1.088-2.897) 0.022
Stage 0.006 - -
Cell type 0.078 - -
Histologic grade 0.083 - -
Adjuvant therapy 0.049
PET-CT, maxSUV >4 (154 patients since 2004) 0.007 - -

OR, odds ratio; CI, confidence interval; PET-CT, positron emission tomography-computed tomography; maxSUV, maximum stand-

ardized uptake value.
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classical determination using clinical variables as in our
study. The other is based on molecular biological methods.

We set out to identify the clinicopathological factors asso-
ciated with recurrence including early recurrence in ear-
ly-stage NSCLC. Our study revealed that even in the case of
curative resection, which is the most effective therapy for
early-stage disease, the overall incidence of recurrence was
31.8% (pathologic stage IA, 24.1%; pathologic stage IB,
38.5%). The predictors of recurrence in resected stage I
NSCLC according to the 6th edition of the TNM classi-
fication (TNM 6) have been described in literature [5-7].
However, only few studies evaluated the risk factors for re-
currence in resected stage I NSCLC according to the 7th edi-
tion of the TNM classification (TNM 7) [11]. Maeda and col-
leagues reported that histologic differentiation, vascular in-
vasion, and visceral pleural invasion were significant risk fac-
tors for recurrence in stage I NSCLC. In our study, the factor
predicting recurrence was a poorly differentiated histology
(p=0.017).

A majority of recurrences are distant and occur within the
first 2 years of surgery [5-7]. Our study also showed similar
results. The sites of the first failure were distant metastases to
the brain, bone, liver, or contralateral lung in most of the pa-
tients reported by Martini et al. [12] and by Pairolero et al.
[13]. In both studies, the brain was the most common site. In
contrast, the highest initial failure site in our study was the
lung (19/51, 37.3%). To date, most large studies have shown
that the patterns of recurrence may differ by histology with
more local recurrence seen in patients with squamous cell
carcinoma and more distant metastases seen in patients with
adenocarcinoma [12-14]. In our study, however, the pattern of
recurrence did not differ by histology.

The recurrence was classified into three groups according
to the timing of recurrence: none, early, and late recurrence.
Early recurrence was seen in 17.8% (43/242) of all patients
(pathologic stage IA patients, 11.6%; pathologic stage IB pa-
tients, 23.1%). Martini et al. [6] demonstrated that early re-
currence (=1 year) was observed in 27% of the patients with
recurrence in pathological stage I NSCLC. The factors influ-
encing lower incidence of recurrence were the extent of lung
resection and lymph node dissection. In our study, the uni-

variate analysis for early recurrence identified 6 significant

risk factors (male, smoking status, tumor size, advanced
pathologic stage, poorly-differentiated carcinoma, and PET-CT
maxSUV), while the multivariate analysis showed that smok-
ing status and poorly differentiated carcinoma were in-
dependent risk factors for early recurrence.

Some recent clinical studies have shown that postoperative
chemotherapy is effective in the management of patients after
a complete resection of stage II and IIIA NSCLC. The Lung
Adjuvant Cisplatin Evaluation (LACE) pooled data of the
five largest randomized trials completed since 2004 and rean-
alyzed this collectively [15]. This study concluded that post-
operative cisplatin-based chemotherapy significantly improves
survival in patients with NSCLC. The LACE trial demon-
strated a clear survival benefit of adjuvant platinum-based
chemotherapy—at least 5% for OS and 6% for DEFS.
However, the role of adjuvant chemotherapy in patients with
resected stage I NSCLC is controversial because of the lack
of a clear survival benefit from randomized trials. On the ba-
sis of our study, patients who are at risk for early recurrence
may be considered for and may benefit from adjuvant
chemotherapy.

However, there are several limitations of our study. Our
data were analyzed retrospectively. For more conclusive re-
sults, a prospective randomized controlled study is required in
the future. Moreover, as ours is a retrospective, single-in-
stitution study, patient selection bias with respect to the diag-
nosis of cancer recurrence might be inevitable compared with
a multi-institutional prospective study. In this study, the over-
all follow-up observation period was short. Therefore, a rela-
tively long follow-up observation period should be considered
for long-term results.

In conclusion, the present study focused on the identi-
fication of factors related to early recurrence within two years
of surgery in early-stage NSCLC patients. The identified risk
factors were smoking Thistory and poor histologic
differentiation. Therefore, in cases with these risk factors for
early recurrence, adjuvant therapy may be used for improving

survival.
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