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Abstract

OBJECTIVES: Treatment patterns and outcomes in a population-based database were examined to identify patients likely to benefit from
surgical resection of locally advanced (T3NO-2) non-small-cell lung cancer (NSCLC).

METHODS: Factors predicting the use of surgery for patients with T3N0-2MO0 NSCLC in the Surveillance, Epidemiology and End Results
(SEER) database from 1988 to 2010 were assessed using a multivariable logistic regression model. Survival was analysed using the Kaplan-
Meier approach and Cox proportional hazard models. Propensity matching was used to compare outcomes after surgery and outcomes in
patients who refused surgery and underwent radiation therapy (RT).

RESULTS: Of 17 378 patients identified for study inclusion [8597 (50%) T3NO, 2304 (13%) T3N1 and 6477 (37%) T3N2], surgery was used in
7120 (41%). Only female sex and being married predicted the use of surgery, while older age, black race and N2 nodal disease predicted
non-surgical management. Surgical patients overall had better long-term survival than non-surgical patients [odds ratio (OR) 0.42, 95%
confidence interval (CI): 0.41-0.45, P < 0.001]. After propensity adjustment, patients who refused surgery and instead were treated with RT
had significantly worse long-term survival than matched surgery patients (OR 0.65, 95% Cl: 0.48-0.89, P = 0.0074). Sublobar resection and
pneumonectomy predicted worse survival in patients who had surgery. Nodal disease also predicted worse survival after surgery, but
surgery maintained an association with better overall survival compared with non-operative therapy among patients with both N1 (OR
0.53, P<0.001) and N2 disease (OR 0.50, P < 0.001) in separate analyses stratified by nodal status. Older age also predicted worse survival
after surgery, but patients older than 75 who were treated with surgery had significantly better long-term survival than non-operative
patients (OR 0.49, 95% Cl: 0.45-0.53, P < 0.001).

CONCLUSIONS: Surgery is used in a minority of patients with locally advanced NSCLC, but is associated with better survival than
non-surgical treatment, even for patients older than 75 and patients with nodal disease. Given the very poor outcomes observed with
non-operative management, surgical resection should be carefully considered in all patients with locally advanced NSCLC and should not
necessarily be denied because of patient age or nodal disease.

Keywords: Lung cancer surgery » Outcomes * Chest wall « Lobectomy « Pneumonectomy

guidelines recommend that medically inoperable patients be
treated with radiation and possibly chemotherapy, and that patients
with T3 disease resulting from local invasion and N2 disease be
treated with definitive chemoradiation [3]. The recommended treat-
ment for medically operable patients with T3NO-1 disease is surgical
resection followed by adjuvant chemotherapy [3, 5].

INTRODUCTION

Lung cancer is the leading cause of cancer mortality in the USA,
accounting for more than 160000 deaths annually [1]. Patients
with locally advanced disease due to T3 status or node-positive
disease comprise 22% of lung cancer patients [2]. The treatment

recommendations for patients with T3 non-small- cell lung cancer
(NSCLC) that invades local structures such as the chest wall, prox-
imal airway or mediastinal pleura are dependent on the N status
[3, 4]. Current National Comprehensive Center Network (NCCN)

'A portion of these results were presented at the Society of Thoracic Surgeons
50th Annual Meeting in Orlando, FL, 25-29 January 2014.

Patients with T3NO disease have a 5-year survival rate of ~40%,
although rates as high as 50-60% have been reported after com-
plete surgical resection [6-9]. Factors associated with worse 5-year
survival include incomplete resection and the presence of region-
al lymph node metastasis [7, 10-12]. As optimal management has
not been clearly established by any randomized controlled trials,
the purpose of this study was to examine treatment patterns and
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outcomes for locally advanced (T3) NSCLC in a population-based
database. Specifically, we sought to examine both factors that pre-
dicted the use of surgery and factors that impacted survival follow-
ing surgical resection to better inform the treatment selection
process for patients with locally advanced disease.

PATIENTS AND METHODS

This secondary analysis of the Surveillance, Epidemiology, and End
Results (SEER) database was approved by the Institutional Review
Board at Duke University. Included for the study were patients 18
years or older diagnosed with NSCLC between 1988 and 2010.
Patients were identified using ICD-O-3 location codes for lung
cancer (C34.0-C34.9) and appropriate SEER histology codes ranging
from 8014 to 8576 for all possible non-small-cell lung tumour histol-
ogies. Tumour-node-metastasis (TNM) stage was directly extracted
from SEER for patients diagnosed in 2004 or later, and was manually
recoded from available SEER variables using the sixth edition of the
AJCC Cancer Staging Manual for patients diagnosed between 1988
and 2003. Only patients with T3 NO-2 tumours were kept for ana-
lysis, as treatment guidelines include surgical resection as a possible
intervention for this subset of patients with locally advanced
tumours. TNM staging in SEER is based on clinical data when no
surgery is performed or when any cancer-directed neoadjuvant
treatment is administered prior to surgery. In contrast, if surgery was
the primary cancer-directed therapy, pathological stage data are
reported in SEER. Patient age, sex, race, ethnicity, marital status and
time to last available reported survival time point were also
extracted. Patients living longer than 10 years were right-censored.

The SEER registry collects incidence and survival data from 18
population-based cancer registries across the USA. The entirety of
SEER is estimated to comprise roughly one-quarter of the US
population, and the registry populations are comparable to the
overall population. A more complete overview of the SEER data-
base is available at http://seer.cancer.gov/about/. SEER does not
contain information relative to chemotherapy administration, but
data regarding surgical interventions and radiation therapy (RT)
are readily available. As such, patients were categorized as either
having undergone surgery, defined as an operative intervention
with therapeutic intent (sublobar resection, lobectomy or pneu-
monectomy), or no surgery (diagnostic biopsy or no invasive
intervention). Trends in the use of surgery over time were evalu-
ated using the Cochran-Armitage trend test. Patients were then
stratified into subgroups based on TNM stage (T3NO, T3N1 and
T3N2). Our primary analysis was to compare patients undergoing
surgery with those without operative interventions. We then per-
formed an a priori defined subgroup analysis, examining patients
undergoing surgery stratified by nodal status.

Comparisons of patient and treatment characteristics were per-
formed using Pearson’s chi-square test for categorical variables
and Student'’s t-test or one-way ANOVA for continuous variables.
Owing to the likelihood of significant selection bias present
regarding the patients selected for surgery, multivariable logistic
regression was used to estimate predictors of surgical intervention.
The following covariates were included in the model: age (18-40,
41-64, 65-74 and 75+ years), race, sex, marital status and N-stage.

Survival analysis

Unadjusted survival analyses were performed using the Kaplan-
Meier method. To estimate the impact of surgical intervention on

overall survival, a multivariable Cox proportional hazards model
was created, using surgical intervention as the primary predictor,
and age, race, sex, N-stage, use of RT and marital status as covari-
ates. In a second survival model examining the cohort of patients
treated with surgical resection, a multivariable Cox model was
created with the extent of surgical resection as the primary pre-
dictor variable, and included use and timing of RT, N-stage, age,
sex, race and marital status. To examine potential differences in
the impact of surgical intervention based on nodal status, patients
were then stratified by N-stage (NO, N1 or N2), with surgical inter-
vention as the primary predictor and age, race, sex, N-stage, use of
RT and marital status as covariates in each model.

To further assess potential overestimation of the benefit of
surgery due to inclusion of patients who were not medically fit for
an operation, we then conducted a propensity-matched analysis.
We developed propensity scores defined as the probability of a
patient being treated with surgery, conditional on known covari-
ates and matched patients using a 2:1 nearest neighbour matching
algorithm. To further strengthen this approach, surgery patients
were compared only with those non-surgery patients who refused
surgery but did receive at least some RT. This strategy was utilized
to create a non-operative control group of patients who were at
least considered as potentially acceptable surgical candidates and
who also received local therapy via RT.

No major model assumptions were violated, and missing data
were handled with complete case analysis. Type | error was con-
trolled for at the level of the comparison. A P-value of <0.05 indi-
cated statistical significance for all comparisons, and all analyses
were performed using R version 3.0.1 (Vienna, Austria).

RESULTS
Utilization of surgery

A total of 17490 patients with T3NO-2 NSCLC from the period
1988-2010 in the SEER database were identified. Data regarding
surgery were not available for 112 (0.6%) patients, who were
excluded from the analysis. Of the remaining 17378 patients,
7120 (41%) had surgical resection and 10 258 (59%) had no surgi-
cal intervention. Trends in the utilization of surgery for T3N0-2
NSCLC over the course of the study period are shown in Fig. 1.
The use of surgery significantly decreased over time (P <0.001);
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Figure 1: Trends in the utilization of surgery for locally advanced (T3N0-2M0)
NSCLC, 1988-2010.
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Table 1: Baseline demographic and disease-specific
characteristics, stratified by treatment strategy

Characteristics Surgical approach

No surgery Surgery P-value
(n=10258) (n=7120)
Age (years) 70(62,77) 67 (58,73) <0.001
Sex
Female 3820 (37.2%) 2734 (38.4%) 0.13
Male 6438 (62.8%) 4386 (61.6%)
Race
White 8315 (81.1%) 6049 (85%) <0.001
Black 1415 (13.8%) 643 (9%)
Other 528 (5.1%) 428 (6%)
Marital status
Married 5242 (51.1%) 4414 (62%) <0.001
Not married 4657 (45.4%) 2485 (34.9%)
Unknown 359 (3.5%) 221 (3.1%)
N-stage
0 3963 (38.6%) 4634 (65.1%) <0.001
1 953 (9.3%) 1351 (19%)
2 5342 (52.1%) 1135 (15.9%)
Radiation Tx 7342 (73.1%) 3290 (47.3%) <0.001

50% of patients underwent surgery in 1988, while 38% of patients
had surgery in 2010. With respect to N-status for all subjects, 8647
(49%) were NO, 2313 (13%) were N1 and 6530 (37%) were N2 at
the time of diagnosis. Among the patients who underwent surgery
and were diagnosed prior to 2000, 64% had negative nodes, while
66% of patients treated with surgery and diagnosed after 2000
were node-negative (P=0.053). Patient, treatment and tumour
characteristics stratified by surgery or no surgery are given in
Table 1. Compared with patients who did not have surgery,
patients undergoing surgical resection were younger, had lower N
stage, were less frequently treated with radiotherapy and were
more often white and married. Among the 10 258 patients who
were not treated with surgery, 8615 (84%) were treated non-
operatively due to ‘surgery not recommended, or contraindicated
due to other conditions’. Only 7 patients died before recom-
mended surgery, and 167 patients (2%) refused surgery that was
recommended. In the remaining 1469 (14%) patients, the reason
for no surgery was not documented.

Predictors of undergoing surgical intervention

Results of multivariable logistic regression for modelling the likeli-
hood of undergoing surgery are given in Table 2. After adjustment,
increasing age was associated with decreased odds of surgical
intervention, as was black race. Female gender and being married
were associated with increased odds of surgery. Compared with
patients with NO disease, those with N1 were slightly more likely
to undergo surgery, while those with N2 disease were significantly
less likely to undergo surgery. Lymph nodes were not retrieved for
813 (11%) patients, and among the remaining patients the median
number of nodes retrieved was 8 (IQR: 4, 13).

Survival analyses

Kaplan-Meier survival curves for patients undergoing surgery
compared with those not treated with surgery are shown in

Table 2: Adjusted predictors of surgical resection for
patients with T3NO-2 non-small-cell lung cancer

Predictor of surgical Odds 95% confidence P-value
intervention ratio interval
Lower Upper
Age (per decade) 0.60 0.58 0.62 <0.001
Male gender 0.86 0.80 0.93 <0.001
Race
White Ref. Ref. Ref. Ref.
Black 0.57 0.51 0.65 <0.001
Other 1.20 1.03 1.40 0.022
Nodal status
NO Ref. Ref. Ref. Ref.
N1 1.15 1.05 1.28 0.0057
N2 0.17 0.16 0.19 <0.001
Marital status
Married Ref. Ref. Ref. Ref.
Not married 0.61 0.57 0.66 <0.001
Unknown 0.61 0.50 0.75 <0.001
C-index: 0.79

Fig. 2A. The 5-year survival rate for patients who had surgery
was 29% [95% confidence interval (Cl): 28-31%], while that for
patients who did not have surgery was 6.8% (95% Cl: 6-7%).
After Cox proportional hazards adjustment, the surgical group
had significantly improved overall survival [odds ratio (OR): 0.43,
P <0.001]. Other factors that predicted improved survival were
younger age, female sex, NO nodal status, being married and use
of RT (Table 3).

The results of our confirmatory propensity analysis comparing
surgery patients with matched non-operative patients who were
surgical candidates but who refused an operation are shown in
Fig. 2B, and demonstrated that surgery patients had significantly
better long-term survival than matched patients treated non-
operatively (OR 0.46, 95% Cl: 0.37-0.57, P <0.001) even after ad-
justment. As a further sensitivity analysis, we then repeated the
propensity analysis, but further limited the non-surgery group to
only include patients who were treated with RT, obtaining similar
results [OR 0.65 (0.48-0.89), P = 0.0074].

Subgroup analysis of patients treated with surgery

Table 4 summarizes the factors associated with survival in
patients who had surgery. After Cox proportional hazards adjust-
ment, patients with NO disease had significantly improved sur-
vival (P <0.001). Furthermore, in this subgroup of patients who
had surgery, younger age and induction RT were associated with
improved survival, while adjuvant RT did not have a statistically
significant survival benefit. Compared with patients who under-
went lobectomy, long-term disease-specific survival was signifi-
cantly worse both for patients who had sublobar resections (OR
1.28, P<0.001) and for patients who had a pneumonectomy
(OR 1.13, P=0.0013). Interestingly, while pneumonectomy was
associated with only slightly inferior long-term survival, early
overall survival compared with lobectomy was substantially
worse, both at 3 months (85.3 vs 91.8%) and 6 months (76.6 vs
84.2%).
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Figure 2: (A) Kaplan-Meier survival estimates for surgery versus no surgery
among patients with locally advanced NSCLC. (B) Kaplan-Meier survival esti-
mates among propensity-matched patients.

Subgroup analyses of elderly patients and
patients with nodal disease

Because the above analyses showed that increasing age and nodal
Table 3: Risk of death for all patients with T3NO-2 disease were associated with worse survival after surgery, add-
non-small-cell lung cancer itional sub-analyses were performed to evaluate the benefit of
surgery compared with non-operative management for both
elderly patients and patients with nodal disease. First, we con-

Predictor Hazard 95% confidence P-value o e ;
ratio interval ducted an exploratory analysis investigating the benefit of surgery
Lower  Upper limited to patients who were older than 75 years old. In this
cohort, surgery was still associated with superior long-term sur-
Surgic§| intervention 0.43 0.41 0.45 <0.001 vival compared with non-operative management (OR 0.49, 95%
mdd‘:'gztzzerapy (any) 065 0.63 0.68 <0.001 Cl: 0.45-0.53, P<0.001). Secondly, we performed separate Cox
NO Ref. Ref. Ref Ref. proportional hazard model analyses that were stratified by nodal
N1 1.18 1.12 1.24 <0.001 status and adjusted for age, surgical intervention, RT, race, gender
N2 1.27 1.23 132 <0.001 and marital status. Improved survival was associated with surgery
':Ag;e(';’:; decade) Hg Hf l'gg :8‘881 regardless of N-stage, though a larger impact was observed for NO
Race ' ' ' ' status (OR 0.39, 95% Cl: 0.36-0.41, P <0.001) compared with N1
White Ref. Ref. Ref. Ref. disease (OR 0.53, 95% Cl: 0.48-0.60, P < 0.001) and N2 disease (OR
Black 1.04 0.98 1.09 0.17 0.50, 95% Cl: 0.47-0.55, P<0.001). Survival curves stratified by
Other 091 084 0.8 0012 N-stage for the subset of patients treated with surgery are shown
Marital status L.
Married Ref. Ref. Ref. Ref. in Fig. 3.
Not married 1.14 1.10 1.18 <0.001
Unknown 1.00 0.90 1.10 0.97

DISCUSSION

Cox proportional hazards model adjusting for age, surgical
intervention, radiation therapy, race, sex, nodal status and marital . . .
status. Using population-based SEER data, we demonstrate that a minor-

ity of patients with locally advanced but potentially resectable
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Figure 3: Kaplan-Meier survival estimates among patients treated with surgery,
stratified by nodal status for (A) all patients and (B) only elderly patients at least
75 years old.

NSCLC undergo surgical resection. Being male, older, black, un-
married and having nodal disease are all characteristics that are
associated with surgery not being utilized. However, survival after
surgical resection was significantly better compared with non-
surgical therapy, even after multivariable adjustment and in sub-
group analyses of elderly patients and patients with nodal disease.

Previous studies have established that the primary factors that
influence survival after surgery for locally advanced NSCLC are
completeness of resection, the extent of local invasion and the
presence of regional lymph node metastasis [7, 10-13]. Although
our dataset does not contain information on margin status or
exact extent of local invasion, our results do confirm the results of
these smaller studies with regard to nodal status. Other factors
associated with improved survival in patients who had surgery
were younger age and having a lobectomy instead of a sublobar
resection or a pneumonectomy.

These results can potentially be used to improve the treatment
selection process for patients with locally advanced but potentially
resectable NSCLC. Our study does show that surgery is utilized in
a minority of these patients, and that the use of surgery in this situ-
ation has decreased with time. One explanation for this finding is
likely that many patients were appropriately not offered surgery
due to technically unresectable disease, inadequate pulmonary
function or other medical comorbidities contraindicating an oper-
ation. However, our propensity-matched analysis suggests that

the benefit of surgery persists even when adjusting for issues of
operability. Similarly, with recent increases in resolution and ac-
curacy of positron emission tomography imaging, clinicians may
be less willing to pursue surgical options in the setting of obvious
nodal involvement. However, although our study showed that
older age and nodal disease were associated with worse out-
comes, improved survival was observed in these subsets of
patients when surgery was used instead of non-operative manage-
ment. Considering the poor prognosis associated with non-
surgical management, we advocate for multidisciplinary evalu-
ation in all patients with locally advanced NSCLC, so that short-
term perioperative morbidity and mortality risks of surgical resec-
tion can be carefully balanced with the potential long-term sur-
vival benefits. Patient age and tumour nodal status should be
carefully considered in the selection process, but these factors
should not necessarily exclude the use of surgery. Another im-
portant factor to consider is whether complete resection can be
accomplished with a lobectomy.

Interestingly, two non-clinical factors—race and marital status—
also had significant associations with patients having surgery.
Patients who were unmarried were less likely to have surgery, which
might have been related to the support system available to help the
patient through the perioperative process. Race has been shown in
many studies to influence both treatment and outcomes, and the
results of this study are consistent with those of other studies [14-
16]. However, clinicians should clearly strive to choose an optimal
treatment based on individual clinical and cancer factors alone.

In light of the significantly improved long-term survival asso-
ciated with surgical resection, consideration should also be given
to improving preoperative functional status and optimizing man-
agement of comorbidities in patients who are borderline candi-
dates for surgery. Induction chemotherapy has not been shown to
improve survival among patients with locally advanced disease,
but has been shown to be safe [17]. The use of induction chemo-
therapy while a patient's operative candidacy is potentially
improved by measures such as cardiopulmonary rehabilitation,
optimization of management of other medical conditions and
smoking cessation warrants serious consideration. If patients do
not adequately improve to the point of being able to have
surgery, they still would have received oncological treatment
during that time period.

These results also show that almost half of patients with T3NO-2
NSCLC who have surgery also are treated with radiation, with
about a third of patients who have surgery receiving adjuvant ra-
diation. However, the use of adjuvant radiation was not associated
with a survival benefit. Similarly, several studies have shown that,
in patients treated with incomplete resection, adjuvant radiation
does not significantly improve survival [4, 18-20]. Furthermore,
high local recurrence rates of 30-40% are seen when radiation is
used to treat positive surgical margins [4, 18, 21]. In addition, the
role of induction radiation prior to surgery for T3 tumours larger
than 7 cm has been questioned, with Moreno et al. failing to show
improved survival compared with surgery alone, while another
small single-centre study demonstrated improved survival [22, 23].
Further investigation is needed to delineate the role of adjuvant
radiation and surgery in this setting.

The use of the SEER database offers significant advantages over
previous smaller studies, being large and widely generalizable to
the US population. This study, however, is subject to limitations in-
herent to all retrospective studies. Most significantly, treatment al-
location to surgery or definitive chemoradiation therapy was likely
influenced by considerable selection bias. Furthermore, SEER
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does not include any chemotherapy data, and while many
patients who received RT probably also received chemotherapy,
this cannot be specifically addressed. We are also limited by a lack
of data regarding margin status, and presumably some patients
who underwent surgery had incomplete resections. This would
likely bias our results against a benefit for surgery; however, as it
may be reasonable to assume that survival following complete re-
section is superior to that described in this study. Also, the SEER
dataset does not allow specific identification of why a patient’s
tumour was T3 and we cannot specifically identify and analyse T3
subgroups such as patients with chest wall invasion. Similarly, the
stage recorded in SEER is the pre-treatment clinical stage for
patients who have induction therapy or no surgery, and we are
unable to confirm whether specific elements of the clinical stage
in this setting were confirmed with biopsy or based on imaging
characteristics alone. Therefore, patients who had induction therapy
or no surgery may have been over- or understaged, which could
bias results with surgery both positively and negatively. Perhaps
most importantly, the dataset lacks information regarding patients’
comorbidities, pulmonary function and overall functional status.
This information is clearly very important with regard to both
treatment and prognosis. In addition, SEER allows evaluation of
short-term survival from the time of diagnosis, but does not allow
specific measurement of perioperative mortality for patients who
have surgery, and also does not contain information about peri-
operative morbidity. Therefore, we cannot make any comment on
short-term outcomes after surgery.

Despite these limitations, use of the SEER database does allow
the assembling and analysis of a very large cohort of patients with
relatively homogeneous stage characteristics. Other prospective or
even retrospective studies are unlikely to be able to evaluate a cohort
of this size. In conclusion, this study used a large population-
based database to demonstrate that surgery is associated with
improved outcomes, but nonetheless used only in a minority of
patients with locally advanced NSCLC. Nodal disease and increas-
ing age are associated with worse survival after surgery, but
outcomes after surgery are still better than non-operative man-
agement for both patients who are older than 75 and patients
with nodal disease. Given the very poor outcomes observed with
non-operative management, surgical resection should be carefully
considered in all patients with locally advanced NSCLC and
should not necessarily be denied because of patient age or nodal
disease.
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