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ABSTRACT
Objective: Resection is the best treatment for patients
with stage I non-small cell lung cancer (NSCLC). Patterns
of disease recurrence after complete resection in stage I
NSCLC have not been well demonstrated. The aim of this
study was to evaluate the prognostic predictors of post-
recurrence survival in patients with resected stage I
NSCLC with local recurrence.
Methods: The clinicopathological characteristics of 123
patients with local recurrence after complete resection of
stage I NSCLC in Taipei Veterans General Hospital
between 1980 and 2000 were retrospectively reviewed.
Post-recurrence survival and their predictors were
analysed.
Results: The patterns of local recurrence included local
only in 74 (60.2%) and both local and distant in 49
(39.8%) patients. The 1 and 2 year post-recurrence
survival rates for the 74 patients with local only
recurrence were 48.7% and 17.6%, respectively. Tumour
size (p = 0.033) and treatment for initial recurrence
(p,0.001) were significant predictors for post-recurrence
survival in 74 patients with local only recurrence in
univariate analyses. The hazard of death was greater in
patients with larger tumour size. Treatment for initial
recurrence (p = 0.001) was still a significant prognostic
indicator in multivariate analyses. Patients who underwent
reoperation after local recurrence survived longer than
those who received chemotherapy and/or radiotherapy
and those that received no treatment.
Conclusions: Treatment for initial recurrence is a
prognostic predictor for post-recurrence survival in
resected stage I NSCLC with local recurrence. Complete
surgical resection should be considered in selected
candidates with resectable local recurrent disease.

Lung cancer is the leading cause of cancer death
worldwide. Surgical resection is the treatment of
choice for early stage non-small cell lung cancer
(NSCLC).1 Patients with stage I disease have the
most favourable prognosis. Five year survival after
resection ranges between 55% and 80%.1–5

Recurrence is the most common cause of disease
failure and mortality for NSCLC after resection.4–8

Reported recurrence rates after surgical resection in
stage I NSCLC range from 27% to 38%.4–6 The
incidence of local or regional recurrence in stage I
NSCLC after surgical resection has been reported to
be between 7% and 15%.4–6 Chemotherapy, radio-
therapy or combined therapy are common treat-
ment modalities for patients with resected NSCLC
after recurrence. However, reoperation after recur-
rence is only appropriate in a few patients.7–9

Although the prognosis of stage I NSCLC is
relatively good compared with more advanced
stages,3–5 the course and predictors of post-recur-
rence survival in resected stage I NSCLC with local
recurrence have rarely been reported. Few studies
have focused on the outcome and post-recurrence
survival of surgically treated patients with stage I
NSCLC after local recurrence. In this report, we
analysed the patterns of local recurrence and
demonstrated the prognostic predictors of post-
recurrence survival in resected stage I NSCLC with
local recurrence.

PATIENTS AND METHODS
Between January 1980 and December 2000, 970
patients underwent resections for pathological
stage I NSCLC at Taipei Veterans General
Hospital. The preoperative staging workup was
done as previously described.10 11 Chest and upper
abdomen CT scans, nuclear medicine survey (bone
and brain) and bronchoscopy were performed
before operation. Mediastinoscopy was performed
only when the CT scan showed enlarged media-
stinal lymph nodes (diameter .1.0 cm). Patients
suspected of having distant metastases were
excluded from consideration. All patients under-
went complete resection of the lung cancer with
mediastinal lymph node dissection as previously
described.10 11 The resected specimens and all
dissected regional nodes were examined for patho-
logical staging. None of the patients had received
adjuvant therapy after initial surgical resection for
stage I NSCLC. The hospital charts of all patients
were reviewed, including operative records and
pathological reports. Histological typing was deter-
mined according to the World Health Organization
classification.12 Determination of disease stages
was based on the TNM classification of the
International Union Against Cancer.13

All patients were followed-up at our outpatient
department with an interval of 3 months in the
first 2 years after resection and an interval of
6 months thereafter. Of the 970 patients, complete
follow-up was available in 933 patients (96.2%).
During that period, local recurrence after surgical
resection was detected in 123 (13.2%) of the 933
patients. The characteristics of these 123 patients
according to patterns of local recurrence (local only
or local with distant) are listed in table 1. To
investigate their impact on post-recurrence survi-
val, the following clinicopathological factors were
used in univariate and multivariate analyses: age at
recurrence, gender, smoking index, laterality of
tumour (right vs left), histological type of the
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tumour (squamous cell carcinoma vs others), tumour size,
extent of pulmonary resection (sublobar resection vs lobectomy
or bilobectomy or pneumonectomy), T status (T2 vs T1),
visceral pleural invasion (present vs absent), number of
mediastinal lymph nodes dissected (.15 vs (15), disease free
interval (.18 vs (18 months), mediastinal recurrence (present
vs absent) and treatment for initial recurrence (none vs with
surgery vs chemotherapy and/or radiotherapy). Secondary
primary lung cancer was differentiated from recurrent NSCLC

according to the criteria proposed by Martini and Melamed.4 14

Local recurrence was defined as tumour recurrence in a
contiguously anatomical site, including the ipsilateral hemi-
thorax and mediastinum, after surgical resection. Distant
recurrence was defined as tumour recurrence in the contralateral
lung or outside the hemithorax and mediastinum after surgical
resection. The length of post-recurrence survival was defined as
the interval (in months) between the date of initial recurrence
identified and the date of either death or the last follow-up.

Table 1 Characteristics of the 123 patients with resected stage I non-small cell lung cancer with local
recurrence

Variables

Pattern of local recurrence

Local only Local and distant

No of patients (%) No of patients (%)

Total No of patients 74 (60.2) 49 (39.8)

Age at recurrence (years) (mean (SD)) 64.5 (9.9) 65.5 (7.9)

Sex

Male 65 (87.8) 41 (83.7)

Female 9 (12.2) 8 (16.3)

Smoking index (pack-years) (median (IQR)) 30.0 (16.3–40.0) 30.0 (10.8–40.0)

Tumour location

Right lung 51 (68.9) 41 (83.7)

Left lung 23 (31.1) 8 (16.3)

Tumour size (cm) (mean (SD)) 4.1 (2.2) 4.4 (2.3)

Histological type

Squamous cell carcinoma 41 (55.4) 19 (38.8)

Adenocarcinoma 24 (32.4) 21 (42.8)

Bronchioalveolar carcinoma 6 (8.1) 4 (8.2)

Large cell carcinoma 3 (4.1) 4 (8.2)

Adenosquamous carcinoma 0 (0.0) 1 (2.0)

Extent of pulmonary resection

Sublobar resection 10 (13.5) 1 (2.0)

Lobectomy or bilobectomy 54 (73.0) 45 (91.8)

Pneumonectomy 10 (13.5) 3 (6.2)

T status

T1 27 (36.5) 11 (22.4)

T2 47 (63.5) 38 (77.6)

Visceral pleural invasion

Absent 56 (75.7) 44 (89.8)

Present 15 (20.2) 4 (8.2)

Unknown 3 (4.1) 1 (2.0)

No of LNs dissected (mean (SD)) 12.0 (8.3) 16.1 (12.4)

LN(15 51 (68.9) 27 (55.1)

LN.15 20 (27.0) 21 (42.9)

Unknown 3 (4.1) 1 (2.0)

Disease free interval (months) (mean (SD)) 18.4 (12.0) 18.0 (15.6)

(18 40 (54.1) 30 (61.2)

.18 34 (45.9) 19 (38.8)

Mediastinal recurrence

Absent 38 (51.4) 32 (65.3)

Present 18 (24.3) 12 (24.5)

Unknown 18 (24.3) 5 (10.2)

Treatment for recurrence

None 7 (9.5) 9 (18.4)

With surgery 8 (10.8) 2 (4.1)

Surgery only 6 0

Surgery + C/T and/or R/T 2 2

C/T and/or R/T 26 (35.1) 27 (55.1)

C/T only 9 9

R/T only 11 9

C/T + R/T 6 9

Unknown 33 (44.6) 11 (22.4)

C/T, chemotherapy; IQR, interquartile range; LN, lymph node; R/T, radiotherapy.
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Treatment for local recurrence included surgical resection,
chemotherapy, radiotherapy and combined modalities.

Post-recurrence survival was calculated by the Kaplan–Meier
method.15 Univariate and multivariate analyses were performed
by means of the Cox proportional hazards model using SPSS
software (V.12.0; SPSS, Chicago, Illinois, USA). Backward
stepwise regression procedure was used. Data for treatment of
recurrence were only available in 41 of the 74 patients with local
only recurrence. Only these 41 patients were entered into the
multivariate analyses. Statistical analysis was considered to be
significant when the probability value was ,0.05.

RESULTS
Median follow-up time for all 933 surgically resected stage I
NSCLC patients was 60.7 months (mean 71.1 (57.1) months).
The overall 5 and 10 year survival rates were 51.7% and 31.8%,
respectively. No recurrence was found in 644 (69.0%) of the 933
patients. The patterns of recurrence included distant only in 166
(17.8%), local only in 74 (7.9%), and local and distant in 49
(5.3%) patients.

Local recurrence after surgical resection developed in 123
(13.2%) of the 933 patients. Median follow-up time for these
123 surgically resected stage I NSCLC patients with local
recurrence was 28.9 months (mean 35.7 (26.0); range 5.4–204.8).
Median time to initial recurrence for these 123 patients was

15.2 months (mean 18.3 (13.5)). The 1 and 2 year post-
recurrence survival rates were 48.0% and 18.7%, respectively.
The patterns of local recurrence included local only in 74
(60.2%) and both local and distant in 49 (39.8%) patients (local
with distant in 19, local before distant in 24 and distant before
local in six). At the last follow-up session, only three patients
were alive, 117 patients had died of cancer, one patient had
died of other causes and two patients had died of unknown
causes. Treatments after initial recurrence included surgery
for 10 patients, chemotherapy for 18 patients, radiation for
20 patients and a combination of chemotherapy and radio-
therapy for 15 patients. Sixteen patients had no treatment
after initial recurrence (eight patients because of poor
performance status, two patients sought alternative treatment,
three patients refused treatment, one patient underwent
surgery but the lesion was found to be unresectable and
another two patients had unknown causes).

Median follow-up time for the 74 patients with resected stage
I NSCLC with local only recurrence was 28.3 months (mean
36.1 (28.8); range 5.5–204.8). Median time to initial recurrence
for these 74 patients was 16.8 months (mean 18.4 (12.0)). The 1
and 2 year post-recurrence survival rates were 48.7% and 17.6%,
respectively (fig 1). The sites of initial local recurrence and
treatment for initial recurrence in these patients with local only
recurrence are listed in table 2. Among the eight patients who
underwent reoperation, five had stump recurrence while the
other three patients had recurrence at the lung parenchyma. A
stump recurrence was more likely to undergo resection.
Characteristics and outcome of all 10 patients (eight with local
only and two with local and distant recurrences) who under-
went reoperation after local recurrence are available as an online
supplement (see supplementary table 1 online). The initial
pulmonary resection was lobectomy in five patients, bilobect-
omy in two, wedge resection in two and pneumonectomy in
one. The operation for recurrence was completion pneumo-
nectomy in four patients, lobectomy in three, wedge resection
in two and stump revision in one. Two postoperative deaths
occurred, both with completion pneumonectomy. The 5 year
post-recurrence survival of the 10 patients was 15%. Distant
recurrences were detected in two patients after reoperation.

Univariate analyses indicated that tumour size (p = 0.033)
and treatment for initial recurrence (p,0.001) had a significant
influence on post-recurrence survival in 74 patients of resected
stage I NSCLC with local only recurrence (table 3). The hazard
of death was greater in patients with larger tumour size.
Patients who received surgery as treatment for the initial

Figure 1 Cumulative probability of post-recurrence survival in 74
patients with resected stage I non-small cell lung cancer with local only
recurrence.

Table 2 Sites of initial local recurrence and treatment for initial recurrence in 74 patients with resected stage
I non-small cell lung cancer with local only recurrence

Site of initial local recurrence
No of
patients (%)

Treatment for initial recurrence

None
With
surgery

C/T and/or
R/T Unknown

Without mediastinal recurrence 38 (51.4)

Stump 16 (21.6) 0 5 7 4

Lung 18 (24.3) 5 3 8 2

With pleural effusion 4 (5.5) 0 0 2 2

With mediastinal recurrence 18 (24.3)

Stump 1 (1.4) 0 0 0 1

Lung 3 (4.1) 1 0 2 0

With pleural effusion 4 (5.5) 0 0 2 2

Mediastinal recurrence only 10 (13.3) 1 0 4 5

Not specified 18 (24.3) 0 0 1 17

C/T, chemotherapy; R/T, radiotherapy.
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recurrence survived longer than those who received chemother-
apy and/or radiotherapy. Furthermore, patients who received
chemotherapy and/or radiotherapy survived longer than those
who received no treatment. Treatment for initial recurrence
(p = 0.001) was still a significant prognostic indicator in
multivariate analyses (table 4). Patients with resected stage I
NSCLC who underwent reoperation after local recurrence had a
more favourable survival than those who received chemother-
apy and/or radiotherapy and those who received no treatment.
For the 38 patients with local only recurrence without
mediastinal involvement, only treatment for the initial recur-
rence (p = 0.011) had a significant influence on post-recurrence
survival in univariate analyses. Post-recurrence survival in
patients with local only recurrence was not significantly
different from that in those with both local and distant
recurrences (p = 0.664).

DISCUSSION
Complete follow-up was achieved in 933 (96.2%) of the 970
surgically resected stage I NSCLC patients from January 1980 to
December 2000. The overall 5 year survival for all 933 patients
was 51.7%. Five year survival of surgically resected stage I
NSCLC was reported as 55–80%.1–5 Our result is lower than in
most other reports. Possible reasons include long period of
patient collection, surgery performed by different surgeons and
variations in mediastinal lymph node dissection. The number of
mediastinal lymph nodes dissected represents the quality of
lymphadenectomy in patients with resected stage I NSCLC.
The quality of lymphadenectomy has impact on a more
accurate tumour staging and affects the survival rate for
patients with stage I NSCLC significantly.10 11 The number of
mediastinal lymph nodes dissected was 15 or less in 534 (57.2%)
and more than 15 in 382 (41.0%) patients (unknown in 17
patients) in our study. For patients with more than 15
mediastinal lymph nodes dissected, 5 year survival reached
58.5%.

This study investigated the prognostic role of conventional
clinicopathological factors on post-recurrence survival in
patients with resected stage I NSCLC with local recurrence.
Local recurrence after surgical resection was detected in 123
(13.2%) of the 933 patients. Median time to initial recurrence

for these 123 patients was 15.2 months. The 1 and 2 year post-
recurrence survival rates were 48.0% and 18.7%, respectively.
For 74 patients with local only recurrence, the 1 and 2 year post-
recurrence survival rates were 48.7% and 17.6%, respectively.
Only treatment for initial recurrence was a significant predictor
of post-recurrence survival in multivariate analyses.

Martini et al reported that the overall incidence of recurrence
in patients with resected stage I NSCLC was 27% (local or
regional 7%, systemic 20%).4 In the study of Harpole et al, the
initial location of recurrence of stage I NSCLC after surgical
resection was at a distant site in 19%, within the ipsilateral
hemithorax in 11% or at both locations in 6% of patients.5 Our
results demonstrated that the overall incidence of recurrence
was 31.0% (distant only in 17.8%, local only in 7.9%, local and
distant in 5.3%). The patterns of local recurrence included local
only in 74 (60.2%), local with distant in 19 (15.4%), local before
distant in 24 (19.5%) and distant before local in six (4.9%)
patients. Approximately 78% of patients with local recurrence
occurred within the first 2 years after operation. Furthermore,
our study followed the course and reoperation after local
recurrence. More than half of the patients (51.3%) died within
1 year after local only recurrence. The longest post-recurrence
survival after local recurrence in our series was 15.8 years in a
patient with stump recurrence who underwent reoperation.

Surgical resection offers a good chance of cure for patients
with stage I NSCLC.1–5 However, the outcome of surgical
treatment in resected stage I NSCLC after local recurrence has
rarely been reported. Walsh et al reported that treatment with
curative intent had significantly better overall survival and post-
recurrence survival than treatment with palliative intent in

Table 3 Univariate analyses for post-recurrence survival in 74 patients with resected stage I non-small cell
lung cancer with local only recurrence

Variable Hazard ratio (95% CI) p Value

Age at recurrence (years) 1.007 (0.984 to 1.031) 0.531

Gender (male vs female) 1.519 (0.724 to 3.184) 0.269

Smoking index (pack-years) 1.001 (0.991 to 1.010) 0.971

Location (right vs left lung) 0.697 (0.419 to 1.159) 0.697

Tumour size (cm)* 1.132 (1.010 to 1.267) 0.033

Histological type (squamous cell carcinoma vs others) 0.840 (0.522 to 1.351) 0.471

Extent of pulmonary resection (sublobar resection vs lobectomy or
bilobectomy or pneumonectomy)

1.644 (0.813 to 3.326) 0.167

T status (T2 vs T1) 1.220 (0.746 to 1.998) 0.428

Visceral pleural invasion (present vs absent) 0.932 (0.524 to 1.657) 0.811

No of LNs dissected (.15 vs (15) 1.101 (0.644 to 1.884) 0.725

Disease free interval (months) (.18 vs (18) 0.921 (0.573 to 1.482) 0.736

Mediastinal recurrence (present vs absent) 1.031 (0.969 to 1.097) 0.335

Treatment for initial recurrence ,0.001

None 1

With surgery 0.118 (0.035 to 0.400)

C/T and/or R/T 0.319 (0.134 to 0.763)

*The hazard ratio associated with tumour size is that the increase in hazard is associated with a 1 cm increase in tumour size.
C/T, chemotherapy; LN, lymph node; R/T, radiotherapy.

Table 4 Multivariate analyses for post-recurrence survival in 74
patients with resected stage I non-small cell lung cancer with local only
recurrence

Variable Hazard ratio (95% CI) p Value

Treatment for initial recurrence 0.001

None 1

With surgery 0.089 (0.024 to 0.333)

C/T and/or R/T 0.326 (0.131 to 0.813)

C/T, chemotherapy; R/T, radiotherapy.
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patients with NSCLC.16 Sugimura et al demonstrated that
surgery or combination chemotherapy with radiation signifi-
cantly improved post-recurrence survival over both no treat-
ment and radiation alone in resected NSCLC after recurrence.7

Voltolini et al reported that 5 year survival after reoperation for
locally recurrent bronchogenic carcinoma was 15.5%.8 The
5 year post-recurrence survival in our patients undergoing
reoperation after local recurrence was 15%. Our study further
showed that surgical resection had a favourable survival in
resected stage I NSCLC after local only recurrence (hazard ratio
(HR) 0.089) than with chemotherapy and/or radiotherapy (HR
0.326) and with no treatment (HR 1.0, reference; p = 0.001).
Eight of 16 patients had no treatment for recurrence because of
poor performance status. This may be a contributory factor to
poor prognosis.

Recently, local and regional nodal recurrences were not
considered the cause of significant cancer cell dissemination,
distant metastases or death.17 18 Rather, they are thought to be
indicators of poor prognosis but not determinants of survival.
Many studies have shown that better local control increases
survival in some cancers.18–23 On the other hand, distant
metastasis represents dissemination of cancer cells in distant
organs and has significant impact on survival.18 24 Our study
showed that patients who underwent complete resection for
local only recurrence survived longer than those who received
chemotherapy and/or radiotherapy and those who received no
treatment. However, post-recurrence survival in patients with
local only recurrence was not significantly different from those
with both local and distant recurrences in our study. The
seventh edition of the TNM Classification of Malignant
Tumours is scheduled to be published in 2009. For lung cancer,
some studies propose that pleural effusion be moved from T4 to
M1a.25–27 Our results showed that post-recurrence survival in
patients with pleural effusion as part of the local only
recurrence was not significantly different from that in those
without pleural effusion (p = 0.432).

Treatment for recurrence is a prognostic predictor for post-
recurrence survival in resected stage I NSCLC with local
recurrence. Complete surgical resection should be considered
in selected candidates with resectable recurrent disease.
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