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Background. The goal of the present study was to es-
timate the rate of local/regional failure (LRF) after
definitive surgical intervention for early-stage non-small
cell lung cancer (NSCLC), without postoperative radio-
therapy, in the era of contemporary imaging and mini-
mally invasive surgical techniques.

Methods. Medical records of patients with early-stage
NSCLC (pathologic T1-4, N0-1) who underwent lobec-
tomy, sleeve lobectomy, bilobectomy, or pneumonec-
tomy, with or without adjuvant chemotherapy, between
2007 and 2015, were retrospectively reviewed. LRF was
defined as recurrence at the ipsilateral lung, bronchial
stump, mediastinum, chest wall, or supraclavicular
region. The Kaplan-Meier method was used to estimate
time to LRF, with patients censored at death, and log-rank
tests were used for comparisons. A two-sided p value of
less than 0.05 was considered significant.

Results. Included were 217 patients (median age, 65
years). Preoperative staging with positron emission
tomography/computed tomography was performed in 89%
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of patients, mediastinoscopy was performed in 42%, and
video-assisted thoracoscopic surgery was performed in
51%. At a median follow-up of 36 months (range, 1 to 120
months), the 5-year estimatedLRFwas26%(95%confidence
interval, 20% to 35%). LRF rates were not significantly
different in those with and without staging positron emis-
sion tomography/computed tomography (hazard ratio, 1.52;
p [ 0.43) and those with video-assisted thoracoscopic sur-
gery versus open thoracotomy (hazard ratio, 1.00; p[ 0.99).
Conclusions. Despite contemporary staging procedures

and surgical techniques for early-stage NSCLC, LRF
occurs in approximately 1 of 4 patients. The observed
rates of LRF are similar to those reported more than a
decade ago, suggesting that local/regional control remains
a persistent problem. The use of additional local treat-
ments, such as radiotherapy, should be reevaluated to
further improve outcomes.
he most accepted approach for early-stage non-small
Tcell lung cancer (NSCLC) is surgical resection, with or
without adjuvant chemotherapy. Significant improve-
ments in surgical technique in the last 20 years, including
anatomic lung resections (eg, lobectomy and segmentec-
tomy) and increased use of minimally invasive surgical
techniques (eg, video-assisted thoracoscopic surgery
[VATS]), have improved short-term surgical outcomes
(ie, postoperative complications) [1]. In addition, im-
provements in preoperative imaging with positron
emission tomography (PET) and computed tomography
(CT) may have allowed for better selection of patients
more likely to have true early-stage disease.
With both improvements, one might therefore presume

that oncologic outcomes will improve as well. Better
preoperative visualization of the anatomic tumor location
could potentially allow for more a accurate operation and
pathologic assessments (eg, margin status), and perhaps
thoracoscopic approaches might potentially provide
better intraoperative visualization of tumor extent (eg,
less intraoperative bleeding, less physiologic stress
enabling longer procedure times, and magnified views of
the operative site). In multiple studies of patients resected
for early-stage disease from 1966 to 2006, crude rates of
local/regional failure (LRF) were reported in the range of
6% to 28% for N0 disease [2–13] and 18% to 49% for N1
disease [6, 12, 14–19].
In a previous study of patients undergoing resection

between 1996 and 2006 at our institution, similar rates of
LRF (5-year LRF of 24%) were noted [20]. The goal of the
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present study was to reassess this question in the present 
era (2007 to 2015) of contemporary imaging with PET/CT 
and minimally invasive surgical techniques with VATS.
Material and Methods

Study Design and Patients
This was a single-institution retrospective analysis of 
patients who underwent initial resection for primary 
NSCLC at the University of North Carolina, Chapel Hill, 
North Carolina, from January 2007 through December 
2015. The University of North Carolina Institutional 
Review Board approved this study (16-0096).

Only patients with early-stage NSCLC (pathologic 
T1-4, N0-1, 7th edition American Joint Committee on 
Cancer staging [21]) who underwent anatomic resection 
(eg, lobectomy, sleeve lobectomy, bilobectomy, or pneu-
monectomy), with or without adjuvant chemotherapy,
Fig 1. Consolidated Standards of Reporting Trials diagram. (NSCLC ¼ no
UNC ¼ University of North Carolina.)
were included. Excluded from our analysis were patients
who underwent less than an anatomic complete resection
(eg, wedge resection), whose mediastinal lymph nodes
were not sampled at preresection mediastinoscopy or at
the time of the operation, had advanced disease (eg, N2/
N3 nodes, M1 disease), positive surgical margins, histol-
ogies other than adenocarcinoma, squamous cell carci-
noma, or large cell carcinoma (eg, small cell, carcinoid,
sarcomas, or metastases), treated with neoadjuvant
chemotherapy, radiotherapy (RT), or both, treated with
postoperative RT (with or without chemotherapy), had
less than 1 month of follow-up, or whose failure status
was unknown. A Consolidated Standards of Reporting
Trials diagram is shown in Figure 1.

Data Extraction
The medical records, pertinent radiologic imaging,
operative notes, and pathology reports were reviewed to
n-small cell lung carcinoma; SCC ¼ squamous cell carcinoma;



characterize the patient’s clinical and demographic in-
formation, review preoperative imaging and staging
procedures (including tumor location), acquire surgical
and pathologic details (including surgical technique,
tumor histology, margins, invasion, and pathologic stage),
characterize adjuvant therapy, and classify postoperative
patterns of failure. Tumor location was collected and
defined as central or peripheral according to the distance
from the proximal bronchial tree as measured on pre-
operative chest CT. Central location was defined as tumor
within 2 cm of the proximal bronchial tree, which was
defined by Timmerman and colleagues [22] as the distal 2
cm of trachea, carina, and major lobar bronchi.

Postoperative follow-up typically included clinical
examinations and repeat chest imaging (mostly CT scan)
every 3 to 6 months for the first 3 to 5 years. Adjuvant
chemotherapy was included in the analysis and typically
administered to patients with stage IB or higher disease
and an acceptable performance status.

Disease Failure
The presence and site of a failure was obtained from the
medical records. LRF was classified as the ipsilateral lung,
stump, mediastinum, chest wall, or supraclavicular
region. Nodal failure was defined as a new or enlarging
lymph node 1 cm or larger on short-axis CT or hyper-
metabolic on PET and was consistent with disease failure
on subsequent follow-up appointments. Treatment fail-
ure was defined as local/regional, distant, or both. The
date of failure, date of death (if applicable), and whether
the recurrence was proven by a biopsy specimen was also
collected.

Statistical Methods
Descriptive statistics were used to describe the patient
characteristics, surgical details, and pathologic details.
The primary outcome of interest was the time to LRF
measured from the date of the operation. Patients who
did not experience LRF were censored at the last follow-
up or death. The Kaplan-Meier method was used to
estimate the cumulative incidence rate, and the log-rank
test was used to compare cumulative incidence curves.
A two-sided p value of less than 0.05 was considered
significant. The Cox regression model was used to esti-
mate the hazard ratio (HR). A sensitivity analysis treating
death as a competing risk was explored using the Fine
and Gray method; however, due to few deaths, results
were similar. SAS 9.4 software (SAS Institute Inc, Cary,
NC) was used for all analyses.
Results

During the study period, 515 patients underwent an
initial operation for a primary diagnosis of NSCLC, of
which 217 met inclusion criteria and were included in the
final analysis. The median follow-up from the operation
was 36 months (range, 1 to 120 months). Patients were a
median age of 65 years (range, 42–90 years), 75% were
male, 71% were white, and 87% had a tobacco history
greater than 10 pack-years.
Preoperative staging with chest CT was performed in
25 patients (11%) and with PET/CT in 192 (89%).
Mediastinoscopy was performed in 90 patients (41%): 34
preoperatively and 56 during resection. The surgical
procedure was VATS in 51% of patients, and 92%
underwent a lobectomy. The pathologic stage was I in
74% of patients, and 80% of patients did not receive
adjuvant chemotherapy. Most tumors were peripherally
located (74%), and the mean distance to the closest
positive margin was 2.2 cm (median, 1.9 cm; range, 0.1
to 9.0 cm). The margin distance was less than the
maximum tumor diameter in 56% of cases. Additional
patient, surgical, and pathologic details are presented in
Table 1.
The 5-year estimated LRF for the entire cohort was

26% (95% confidence interval, 20% to 35%; Fig 2). Local
failures occurred in 42 patients (19%), with 74%
confirmed by biopsy specimen, and the rest were
confirmed with CT (18%) or PET/CT (9%). Distant fail-
ures occurred in 6 patients, all of which were proven by a
biopsy specimen. The 5-year estimated LRF for patients
with pathological stage T1 N0 and T2 N0 are 18% and
26%, respectively (the other subgroups were not large
enough to perform the calculation). For the T1 N0 sub-
group, local failures occurred in 13 patients (31%), with
92% confirmed by biopsy specimen. For the T2 N0 sub-
group, local failures occurred in 14 patients (33%), with
79% confirmed by biopsy specimen. Most of the local
failures occurred in the ipsilateral lung (7% for both
T1/T2 N0) and mediastinum (7% T1 N0, 5% T2 N0),
followed by the contralateral lung (2% T1 N0, 5% T2 N0),
staple line (5% T1 N0, 2% T2 N0), stump (2% for both
T1/T2 N0), chest wall (0% T1 N0, 2% T2 N0), and
multiple sites (5% T1 N0, 10% T2 N0).
The risk of LRF was higher in men than in women (34%

vs 17%; HR, 2.10; p ¼ 0.03), in those with lymphovascular
space invasion (38% vs 25%; HR, 2.33; p¼ 0.03), T3 and T4
disease compared with T1 and T2 (64% vs 23%; HR, 3.35;
p ¼ 0.001), N1 disease compared with N0 (47% vs 24%;
HR, 2.19; p ¼ 0.03), and disease stage II and III compared
with stage I (42% vs 21%; HR, 2.19; p ¼ 0.01; Table 2). A
higher risk for LRF was not significantly associated with
VATS versus open surgical technique (27% vs 26%; HR,
1.00; p ¼ 0.99), preoperative imaging with PET/CT versus
no PET/CT (32% vs 26%; HR 1.52, p¼ 0.42), central versus
peripheral tumor location (31% vs 24%; HR, 1.41, p ¼
0.29), or margin status of 2 cm or less versus more than
2 cm (30% vs 23%; HR 1.32, p ¼ 0.40; Figs 3 and 4, Table 2).
Comment

Resection alone continues to be the most accepted
approach for patients with early-stage NSCLC. The
main mode of recurrence in these patients has tradi-
tionally been thought to be distant because local control
rates of 80% or more have been reported [7] and adju-
vant chemotherapy has been shown to improve overall
survival in select cases [23, 24]. Nevertheless, the esti-
mated 5-year LRF rate in the current series is 26% and is
similar to 5-year LFR rate of 24% reported from our



Table 1. Patient and Tumor Characteristics

Characteristica Result (n ¼ 217)

Age, years
Mean 64
Median (range) 65 (42–90)

Gender
Male 124 (57)
Female 93 (43)

Race
White 153 (71)
African American 55 (25)
Other 9 (4)

Tobacco use
Never 20 (9)
�10 pack-years 8 (4)
>10 pack-years 189 (87)

Preoperative imaging
CT chest 25 (11)
PET/CT 192 (89)

Surgical procedure
Lobectomy 200 (92)
Bilobectomy 6 (3)
Pneumonectomy 11 (5)

Surgical approach
VATS 110 (51)
Open 107 (49)

Mediastinoscopy
Yes 90 (41)

Preoperatively 34 (38)
During resection 56 (62)

No 127 (59)
N1 lymph node sampling

Yes 215 (99)
No 2 (1)

N2 node stations sampled, No.
0 5 (2)
1 23 (11)
2 92 (42)
3 59 (27)
4 19 (9)
�5 19 (9)

Location of tumor
Right upper lobe 86 (39)
Right middle lobe 10 (4)
Right lower lobe 36 (17)
Right middle, right lower lobe 3 (1)
Right upper, right middle lobe 4 (2)
Left upper lobe 47 (22)
Left lower lobe 30 (14)
Left lower, left upper lobe 1 (1)

Histologyb

Adenocarcinoma 134 (62)
Squamous cell carcinoma 75 (35)
Large cell 7 (3)

(Continued)

Table 1. Continued

Characteristica Result (n ¼ 217)

Pathologic size of lesion, cm
Mean 3.1
Median (range) 2.5 (0.2–10.3)

Histologic differentiationb

Well 22 (10)
Moderate 140 (65)
Poor 54 (25)

Lymphovascular space invasionb

Yes 24 (11)
No 192 (89)

Perineural invasionb

Yes 4 (2)
No 212 (98)

Visceral pleural invasionb

Yes 32 (15)
No 184 (85)

Distance to closest surgical margin,b cm
Mean 2.2
Median (range) 1.9 (0.1–9.0)

Pathologic stageb

IA 106 (49)
IB 54 (25)
IIA 30 (14)
IIB 21 (10)
IIIA 5 (2)

Adjuvant chemotherapy
Yes 42 (19)
No 174 (80)
Unknown 1 (1)

Tumor location
Central 57 (26)
Peripheral 160 (74)

a Categoric data are shown as number (%) and continuous data as
indicated. b No malignancy in 1 specimen.

CT ¼ computed tomography; PET ¼ positron emission tomogra-
phy; VATS ¼ video assisted thoracoscopic surgery.
institution in previous years (1996 to 2006), as well as
other prospective and retrospective studies [6, 14], and
suggests that local/regional control remains a persistent
challenge.
Direct LRF comparisons between studies are difficult

given the variability in the definition of a local failure in
the literature. Some studies define ipsilateral medias-
tinum as a local recurrence but not contralateral medi-
astinum [24], and others report isolated local failures
defined as the ipsilateral lung or mediastinum, or both
[3, 7]. In addition, local recurrence may be underreported
or missed if it is not the primary end point of a study, is
not thoroughly looked for, or is only scored in the absence
of a distant recurrence [7].
Surgical techniques have evolved over time, with VATS

becoming more common during the last decade. This
significant change in technique has led to improvements



Fig 2. Cumulative incidence curve shows overall time to local/
regional failure (LRF): cause-specific rate of 26% at 5 years and
competing risk-adjusted rate of 25% at 5 years.

Table 2. Clinical and Pathologic Factors on Risk of
Local/Regional Failure

Factor

Univariate Analysis

Hazard
Ratio 95% CI

p
Value

Gender
Male vs female 2.10 1.08–4.10 0.03

Histology
Squamous vs nonsquamous 1.63 0.89–2.99 0.11

Surgical technique
VATS vs open 1.00 0.55–1.84 0.99

Lymphovascular space
invasion

Yes vs no 2.33 1.08–5.05 0.03
Visceral pleural invasion

Yes vs no 1.20 0.50–2.85 0.68
Margin status

�2 cm vs >2 cm 1.32 0.69–2.53 0.40
Margin distance > max tumor

diameter
Yes vs no 0.53 0.23–1.06 0.07

Tumor location
Central vs peripheral 1.41 0.74–2.70 0.29

T stage
T3-4 vs T1-2 3.35 1.55–7.25 0.001

N stage
N1 vs N0 2.19 1.05–4.58 0.03

Stage
II-III vs I 2.19 1.19–4.03 0.01

Imaging
PET/CT vs no PET/CT 1.52 0.54–4.26 0.43

CI ¼ confidence interval; PET/CT ¼ positron emission tomography/
computed tomography; VATS ¼ video-assisted thoracoscopic
surgery.

Fig 3. Cumulative incidence curve shows time to local/regional
failure (LRF) in patients who had a preoperative staging with
positron emission tomography/computed tomography scan (PET/CT)
scan compared with those who did not have a PET/CT scan (32% vs
26% at 5 years, p ¼ 0.42).
in short-term surgical outcomes. Compared with open
lobectomy, VATS lobectomy has similar oncologic out-
comes and an arguably equivalent assessment of
mediastinal lymph node stations with lower complication
rates and length of hospital stay [25–27].
Imaging has also evolved, allowing improvements in

preoperative staging with the addition of PET, because
adding PET to preoperative CT scans improves the
Fig 4. Cumulative incidence curve shows time to local/regional
failure (LRF) in patients who underwent video-assisted thoracoscopic
surgery (VATS) compared with open thoracotomy (27% vs 26% at
5 years, p ¼ 0.99).



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

sensitivity and specificity compared with CT scans alone
[28, 29]. PET/CT also has a high negative predictive value
(95%) and positive predictive value (74%) for mediastinal
lymph node detection, which can be used advantageously
when selecting patients for invasive procedures (eg,
mediastinoscopy). In addition, the accuracy of nodal
sampling during an anatomic resection can affect staging,
adjuvant therapy recommendations, and oncologic out-
comes; for example, inaccurate staging of N1 nodal stations
or undefined N1 stations has been associated with higher
LRF rates [30]. However, despite these improvements in
surgical approach and preoperative imaging, LRF remains
a significant problem in these pa-tients. Because lung
cancer is a highly invasive and aggressive disease, our
advances (eg, in imaging) are likely relatively modest
“from the perspective of the tumor,” and microscopic

tumor infiltration into local/regional tissues remains
relatively prevalent despite a negative PET scan [31].

Compared with the University of North Carolina study
of patients who underwent resection from 1996 to 2006,
the current more modern cohort was more likely to un-
dergo PET/CT for preoperative staging (89% vs 34%) and
VATS (51% vs 8%), indicating a shift in preoperative
workup and surgical technique. Nevertheless, the LRF
rates appear similar in the two cohorts. The fraction of
patients pathologically staged was similar in the two
groups (26% in the current study versus 24% in the prior
study), suggesting that this comparison is reasonable.

The use of adjuvant RT in early-stage NSCLC has fallen
out of favor, an appropriate change in practice driven
largely by the detriment in survival seen in the meta-
analysis [32, 33]. Postoperative RT as delivered in the
trials included in the meta-analysis is clearly potentially
toxic. Nonetheless, given the apparent persistent pres-
ence of LRFs in these patients, the potential role of
adjuvant postoperative RT using modern techniques
might be worth reexamining.

One factor that has been hypothesized as contributing to
the toxic effects of RT seen in the meta-analysis is RT field
size. RT planning used in the studies included in the meta-
analysis predated the three-dimensional era, so fields were
large; for example, including the entire mediastinum, with
or without the ipsilateral supraclavicular region and
contralateral hilum. Advances in radiation oncology, such
as three-dimensional planning and intensity modulated
RT, allow for more conformal dose delivery that better
targets the high-risk areas. Indeed, two small studies
published after the initial meta-analysis using smaller
three-dimensional–planned RT fields, better targeting the
areas at risk, suggested improved oncologic outcomes with
postoperative RT [8, 34].

A number of factors have been associated with an
increased risk of LRF, including type of operation (eg,
nonanatomic sublobar resection), positive margins, larger
tumor size, limited mediastinal lymph node sampling, and
the presence of lymphovascular space invasion or visceral
pleural invasion [6, 7, 10, 14, 17, 20, 24, 35–37]. We  found
similar findings with gender (men), lymphovas-cular space
invasion, higher T stage (T3, T4), N1 disease,
and higher overall stage (stage II to III) being associated
with a higher rate of LRF. However, even in the “lower-
risk” patients (eg, T1 N0, T2 N0), LRF remains an issue in
the present study (18% and 26%, respectively) and in
others’ series (T1-2 N0, 5-year LRF 19%) [20].

Negative surgical margins but with a margin distance
of less than 1.5 to 2 cm has also been associated with a
higher risk of LRF [38, 39], with some reports showing
worse local control if the margin distance is less than the
maximum tumor diameter [38, 39]. Consistent with the
literature, we found a nearly significant increase in LRF in
patients who did not have a margin distance greater than
the maximum tumor diameter and nonsignificant trends
in those with smaller margins and in those with central
tumors [38, 39].
The results presented highlight that LRF remains a

clinical problem. This, coupled with improvements in RT
planning and delivery techniques, might make it
reasonable to reconsider the role of adjuvant post-
operative RT in these patients to help improve local/
regional control and survival. Although challenging, a
prospective trial to restudy the role of postoperative RT in
this setting is reasonable to consider. Two modest-sized
studies of postoperative conformal RT in early-stage
lung cancer have suggested improvements in local
control and survival [8, 34], suggesting that a larger study
might be worthwhile.
This study has several limitations. First, the data

extraction was retrospective; however, we were able to
gather the desired clinical and pathologic factors from the
medial records. Our hospital has had an electronic
medical record for approximately 22 years, and the
pathology and operative notes were thus readily avail-
able. Further, the retrospective nature would likely tend
to underreport LRFs, and the noted LRF rates might thus
be considered as minimum values.
Second, patients were not evaluated in a consistent

manner after the operation (eg, postoperative scans were
not always done regularly). Again, this issue would tend
to underestimate the apparent rates of LRF, and we thus
believe our conclusions remain valid.
Third, the patients studied were treated during a

10-year interval. Changes in surgical, staging, and treat-
ment techniques during the study period may have
influenced the LRF rates. However, broadly speaking, the
LRF rates in the 1996 to 2006 cohort and in the 2007 to
2015 cohorts were similar, suggesting that pooling
of patients during this period may be reasonable.
Further, all of these patients were treated in a single
institution, thus perhaps reducing interprovider factors
that might, over time, confound the outcomes.
Fourth, the cohort consists of a heterogeneous patient

population, and thus, results for our largest subset of the
earliest stage cases (ie, T1-2 N0) are reported separately,
with higher stages excluded.
Fifth, fewer than three mediastinal lymph node stations

were sampled during the operation in 55% of patients.
This may have contributed to the elevated LRF rate,
because several consensus groups have recommended
that at least three stations be sampled [40].



Finally, our sample size was smaller compared with
prior studies, which limited our analysis of LRF rates in
patient subgroups; however, in the subgroups with
enough patients to analyze (T1 N0 and T2 N0), LRF rates
were similar to our 1996 to 2006 cohort; again, suggesting
that pooling of patients over this time period may be
reasonable.

Conclusion
Despite the use of contemporary staging procedures and
surgical techniques for early-stage NSCLC, LRF occurs in
approximately 1 of 4 patients. The observed rates of LRF
are similar to those that were reported more than a
decade ago, suggesting LRF remains a persistent prob-
lem. The use of additional local treatments, such as
conformal RT, should be reevaluated as a means to
further improve outcomes.
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