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Background. Adjuvant chemotherapy has been
demonstrated to improve the outcomes of patients with
N1 non-small cell lung cancer. It is unknown whether
patients previously thought to have unresectable small
cell lung cancer (SCLC) may have tumors amenable to
surgery if adjuvant therapies can be given. This study
was undertaken to evaluate whether surgery, in the
setting of modern adjuvant therapies, can be beneficial
for patients with N1-positive SCLC.

Methods. Patients with clinical T1-3 N1 M0 SCLC who
underwent concurrent chemoradiation versus surgery
and adjuvant therapy in the National Cancer Data Base
from 2003 to 2011 were examined. Overall survival was
assessed using Kaplan-Meier and Cox proportional haz-
ards analysis and propensity score-matched analysis.

Results. Of 1,041 patients with ¢T1-3 N1 M0 SCLC who
met inclusion criteria, 96 patients (9%) underwent surgery
and adjuvant chemotherapy with or without radiation and
945 (91%) underwent concurrent chemoradiation alone.

istorically, surgery has not been indicated for the
treatment of small cell lung cancer (SCLC). This is in
large part due to the findings of two influential random-
ized controlled trials performed in the 1960s and 1980s
that reported no improvement in survival for patients
randomized to undergo surgery when compared to
patients who underwent nonoperative management [1, 2].
However, recently, in small subsets of patients with
limited-stage SCLC who undergo surgery, retrospective
studies have reported more favorable 5-year survival
rates [3-7], with 5-year survival as high as 86% for pa-
tients with stage I SCLC who received platinum-based
adjuvant chemotherapy [5]. As a result, the National
Comprehensive Cancer Network (NCCN) guidelines now
recommend surgery as the initial treatment for patients
with node-negative early stage SCLC [8].
It remains unclear, however, whether there is a role for
surgery in patients with N1 disease. Current NCCN
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Multivariable Cox modeling demonstrated that surgery
with adjuvant chemotherapy with or without radiation
(hazard ratio 0.74, 95% confidence interval: 0.56 to 0.97)
was associated with improved survival compared with
concurrent chemoradiation. After propensity matching,
surgery with adjuvant chemotherapy with or without
radiation was associated with improved 5-year survival
compared with concurrent chemoradiation (31.4%
versus 26.3%).

Conclusions. In an analysis of a national population-
based cancer database, surgery followed by adjuvant
chemotherapy with or without radiation for ¢T1-3 N1
SCLC had improved outcomes compared with concurrent
chemoradiation. These results support the re-evaluation
of the role of surgery in multimodality therapy for N1
SCLC in a clinical trial setting.

(Ann Thorac Surg 2017;103:1767-72)
© 2017 by The Society of Thoracic Surgeons

guidelines recommend concurrent chemoradiation for
patients with N1 limited-stage SCLC [8], but these
guidelines are based on limited data. In fact, in the era of
modern platinum-doublet chemotherapy and radiation,
there have been no published studies, randomized or
retrospective, evaluating surgery versus concurrent che-
moradiation for the subset of limited-stage patients with
N1 SCLC.

The objective of this study was to assess outcomes of
patients who underwent concurrent chemoradiation or
surgery with adjuvant chemotherapy for T1-3 N1 MO
SCLC using the National Cancer Data Base (NCDB). Our
hypothesis was that surgery, in the setting of modern
adjuvant therapies, may be associated with superior
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The Supplemental Tables can be viewed in the online
version of this article [http://dx.doi.org/10.1016/
j-athoracsur.2017.01.043] on http://www.annalsthoracic
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0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2017.01.043

0
[e2]
z
[es]
=~
>
=
-
o
o
=~
>
Q
0


mailto:chifu.jeffrey.yang@duke.edu
http://dx.doi.org/10.1016/j.athoracsur.2017.01.043
http://dx.doi.org/10.1016/j.athoracsur.2017.01.043
http://www.annalsthoracicsurgery.org
http://www.annalsthoracicsurgery.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.athoracsur.2017.01.043&domain=pdf
http://dx.doi.org/10.1016/j.athoracsur.2017.01.043

<
@
<
&
o
e
=
-]
<
&
=
Z
=
©

1768 YANG ET AL
OPERATION VERSUS CHEMORADIATION FOR N1 SCLC

survival when compared with a nonoperative approach
for selected patients with limited-staged N1 SCLC.

Patients and Methods

National Cancer Data Base

The NCDB, which is a joint project of the American
College of Surgeons Commission on Cancer and the
American Cancer Society, includes approximately 70% of
all newly diagnosed cases of cancer nationwide and
contains data collected from more than 1,500 cancer
program registries in the United States and Puerto Rico
[9]. Clinical staging information is directly recorded in the
NCDB using American Joint Committee on Cancer sixth
and seventh editions TNM classifications for the years of
study inclusion (2003 to 2011) [10].

Study Design

This NCDB study was approved by the Duke University
Institutional Review Board. Inclusion criteria included all
patients in the NCDB diagnosed with clinical T1-3 N1 MO0
from 2003 to 2011 who underwent either concurrent
chemoradiation or surgery and adjuvant therapy. Patients
were identified using International Classification of Dis-
eases for Oncology, third edition, histologic and topo-
graphic codes. This study period was chosen for the
following two reasons: (1) the NCDB reports data on the
Charlson/Deyo comorbidity condition (CDCC) score only
for cases diagnosed from 2003 and after, and (2) survival
data were available for cases diagnosed up to 2011.

Methods of follow-up were described previously [11].
To minimize confounding, the cohort was limited to pa-
tients who were initially diagnosed with a single malig-
nancy of SCLC. Patients who were not diagnosed or
treated at the reporting facility were excluded because the
Commission on Cancer does not require follow-up for
these cases. Additional exclusion criteria comprised
patients who received chemotherapy or radiation before
surgery, patients for whom the extent of resection was not
recorded, and patients who were coded as having
received palliative-intent treatment. The primary
outcome was overall survival (OS).

Statistical Analysis

Patients with clinical T1-3 N1 M0 SCLC were grouped
according to treatment (surgery with adjuvant chemo-
therapy with or without radiation or concurrent chemo-
radiation). Differences in median survival and 5-year
survival were evaluated by the Kaplan-Meier product
limit approach and the log-rank test.

A Cox proportional hazards regression model was used
to further evaluate OS among the patient population. All
covariates that were chosen for inclusion in the model were
determined a priori to be clinically significant. Covariates
included in the model included the following: treatment
(surgery with adjuvant chemotherapy with or without ra-
diation or concurrent chemoradiation), age, sex, race
(white, black, or other), year of diagnosis, patient census
tract median household income (<$38,000, $38,000 to
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$47,999, $48,000 to $62,999, or >$63,000), urban versus
nonurban area for patient residence, treatment facility type
(community cancer program, comprehensive community
cancer program, or academic/research program), hospital
volume (divided into quartiles), CDCC score (0, 1, or >2),
and clinical T status. Because there were no patients in the
surgical group who were treated at an unknown facility
type and fewer than 10 patients in the chemoradiation
group who were treated at an unknown facility type, pa-
tients treated at an unknown facility type were notincluded
in the Cox model. A Cox model using the same covariates
described above was used to evaluate OS, stratified by
adjuvant chemotherapy without radiation versus adjuvant
chemoradiation, among the surgical group.

Propensity score-matched analysis was used to create a
cohort of patients who underwent surgery with adjuvant
chemotherapy with or without radiation with similar
baseline characteristics to patients who received concur-
rent chemoradiation, to attempt to control for nonrandom
differences between the two groups in the overall cohort,
as previously described [12]. In brief, a logistic regression
model was used to calculate propensity scores based on
the same covariates used in the Cox model described
above. A radius-matching algorithm with a caliper of 0.01
was then used to find the most appropriately matched
pairs. After matching, balance between groups was
evaluated with standardized differences. Kaplan-Meier
analysis was used to compare OS between the groups.

Subgroup analyses were then performed. We first
performed propensity-matched analysis on the subgroup
of patients who had T1 N1 tumors and on the subgroup of
patients who had T2 N1 tumors. We then evaluated the
impact of the extent of resection on OS, using Kaplan-
Meier analysis and a multivariable Cox model with the
following covariates: treatment (wedge versus lobec-
tomy), age, sex, race, clinical T status, CDCC score, year
of diagnosis, patient census tract median household in-
come, urban versus nonurban area for patient residence,
treatment facility type, and hospital volume. All statistical
analyses were performed using Stata/MP software,
version 13.1 for Mac (StataCorp, College Station, TX). A
two-sided p value of 0.05 was used to define significance.

Results

Between 2003 and 2011, 4,490 patients were diagnosed
with clinical T1-3 N1 M0 SCLC. Among these, 1,041
patients (23.2%) met study inclusion criteria (Fig 1). Of
these 1,041 patients, concurrent chemoradiation was
administered to 945 patients (90.8%), whereas 96 patients
(9.2%) underwent surgery with adjuvant chemotherapy
with or without radiation. In the surgery group, 44 pa-
tients (47.8%) received adjuvant chemotherapy, whereas
52 patients (54.2%) received adjuvant chemoradiation; of
these 52 patients, 25 patients (48.1%) received sequential
chemoradiation (20 patients received radiation to the lung
and 5 patients received radiation to the brain) and 27
patients (51.9%) received concurrent chemoradiation (26
patients received radiation to the lung and 1 patient
received radiation to the brain). Because patients with
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Fig 1. Consolidated Standards
of Reporting Trials (CONSORT)
diagram showing schema of study
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Received radiation alone (n=94)

Surgery group:

¢ Surgery not within 1 month of diagnosis (n=63)
¢ Chemotherapy not within 5 months of surgery

¢ If received radiation, radiation not within 8 months
of surgery (n<10)
¢ Concurrent chemoRT group:
¢ Chemotherapy not within 4 weeks of diagnosis
(n=755)
¢ Radiation not within 7 weeks of diagnosis (n=275)

subject selection (clinical T1-3 N1

Excluded (n=3,449) Mo putients). (RT = mdiution;
Diagnosis/treatment not from reporting facility (n=397) SCLC = small cell lung cancer.)
Prior cancer diagnosis (n=780)

Treated with palliative intent (n=116)

Unknown surgery type (n=48)

Did not receive treatment (n=375)

Underwent surgery with induction therapy (n=13)
Underwent surgery alone (n=48)

Underwent surgery with adjuvant radiation alone

(n=1,041)
I

radiation (n=96)

Surgery with adjuvant chemotherapy + Concurrent chemoradiation

(n=945)

* wedge resection (n=29)

* lobectomy (n=56)

* pneumonectomy (n<10)
 bronchial sleeve resection (n<10)

metastatic disease were excluded from the cohort, pa-
tients who received cranial irradiation presumably
received prophylactic cranial irradiation. Among patients
receiving adjuvant radiation to the lung, it is not known
how many patients received additional prophylactic ra-
diation to the brain.

Supplemental Table 1A shows the preoperative and
demographic characteristics of the patient cohort. There
was a higher proportion of patients in the surgery group
at academic/research facilities than patients in the con-
current chemoradiation group. There were more surgical
patients with a CDCC score of 1, whereas more concur-
rent chemoradiation patients had CDCC scores of 0 or
>2. Surgical patients also had lower clinical T status than
concurrent chemoradiation patients.

The pathologic results and short-term outcomes of the
patient cohort are presented in Supplemental Table 1B. In
the surgical group, 36 patients (37.5%) had pathologic T1
disease, 38 patients (39.6%) had pathologic T2 disease.
Pathologic T status was unknown for 12 patients (12.5%)
in the surgical group and for 863 patients (91.3%) in the
concurrent chemoradiation group. Patients in the surgical
group had more lymph nodes examined and lower tumor
size than patients in the chemoradiation group. Eleven
patients (11.5%) in the surgical group and fewer than 10
patients in the chemoradiation group were upstaged to
pathologic N2 disease. Ten patients (10.4%) in the surgical

group were downstaged to pathologic NO disease. In pa-
tients who underwent wedge resection, 5 patients (17.2%)
had positive margins (2 patients had microscopic positive
margins and 3 patients had residual tumor not otherwise
specified). In patients who underwent a lobectomy, 10
patients (17.9%) had positive microscopic margins (5 pa-
tients had microscopic positive margins and 5 patients
had residual tumor not otherwise specified).

The median follow-up for the entire cohort was 22
months (interquartile range, 12 to 43 months). Compared
with concurrent chemoradiation, treatment with surgery
and adjuvant chemotherapy with or without radiation
was associated with significantly better survival for clin-
ical T1-3 N1 MO SCLC patients (Fig 2). Kaplan-Meier
analysis demonstrated a 5-year survival of 31.6% for the
surgery group and 27.9% for the concurrent chemo-
radiation group (log-rank p = 0.03). After multivariable
adjustment, treatment with surgery and adjuvant
chemotherapy with or without radiation was significantly
associated with improved survival (hazard ratio [HR] 0.74,
95% confidence interval [CI]: 0.56 to 0.98, p = 0.04)
(Supplemental Table 3A).

Comparison of patient characteristics and outcomes after
propensity matching between patients who underwent
surgery with adjuvant chemotherapy with or without radi-
ation and patients who received concurrent chemotherapy
is shown in Supplemental Tables 2A and 2B. The propensity
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Fig 2. Overall survival of ¢cT1-3 N1 MO small cell lung cancer
(SCLC) patients, stratified by surgery versus concurrent chemo-
radiation. (CI = confidence interval; RT = radiation.)

score matching created a population of 87 patients who
underwent surgery with adjuvant chemotherapy with or
without radiation and 87 patients who received concurrent
chemoradiation. After matching, no significant differences
were found between the preoperative and demographic
characteristics for the two groups. All standardized mean
differences decreased to less than 0.2.

After the match, patients who underwent surgery with
adjuvant chemotherapy with or without radiation had
significantly higher median OS (33.3 months [95% CI: 26.6
to 49.8 months] versus 21.1 months [95% CI: 15.2 to 29.3
months]) and 5-year OS (31.4% [95% CI: 20.5% to 42.8%]
versus 26.3% [95% CI: 16.9% to 36.5%]) (log-rank p = 0.03)
than patients who received concurrent chemoradiation
(Fig 3). No significant difference in tumor size was found
between the groups.

Among the surgery group, treatment with adjuvant
chemoradiation was associated with significantly better
survival than treatment with adjuvant chemotherapy
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Time (months)
No. at risk
Surgery 87 73 55 32 26 13
Concurrent chemoRT 87 65 37 24 15 12

Fig 3. Owerall survival of cT1-3 N1 MO small cell lung cancer
(SCLC) patients, stratified by surgery versus concurrent chemo-
radiation: propensity score-matched analysis. (CI = confidence
interval; RT = radiation.)
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without radiation after multivariable adjustment (HR 0.44,
95% CI: 0.23 to 0.85, p = 0.01) (Supplemental Table 3B).

Among patients who underwent surgery, most
underwent a wedge resection (n = 29) or a lobectomy
(n = 56), and fewer than 10 patients underwent a
pneumonectomy or a sleeve lobectomy. No patients un-
derwent a segmentectomy. In unadjusted analysis, there
were no differences in survival between patients who
underwent a wedge resection and patients who underwent
a lobectomy (Figs 4A, 4B). However, in a multivariable
analysis comparing wedge resection with lobectomy, lo-
bectomy was associated with improved survival (HR 0.40,
95% CI: 0.20 to 0.82, p = 0.01).

In a subgroup analysis limited to patients with T1 N1
tumors, we propensity matched 43 patients in each arm.
After matching, no significant differences were found
between the preoperative and demographic characteris-
tics for the two groups (data not shown). We found that
compared with concurrent chemoradiation, surgery was
associated with improved OS (p = 0.02). Median survival
in the surgery group was 36.2 months [95% CI: 27.3
months to not applicable] versus 23.9 months [95% CI:
18.4 to 34.5 months] in the concurrent chemoradiation
group. Five-year survival for the surgery group was 35.6%
[95% CI: 20.0% to 51.6%] versus 20.2% [95% CI: 8.3% to
35.8%] for the concurrent chemoradiation group.

In a subgroup analysis limited to patients with T2 N1
tumors, we propensity matched 36 patients in each arm.
After matching, no significant differences were found
between the preoperative and demographic characteris-
tics for the two groups (data not shown). We found that
compared with concurrent chemoradiation, surgery was
associated with a trend toward improved median survival
(log-rank p = 0.09). Median survival was 33.3 months
[95% CI: 21.2 to 49.8 months] in the surgery group and
17.8 months [95% CI: 12.0 to 31.2 months] in the concur-
rent chemoradiation group. Five-year survival was 28.7%
[95% CI: 13.9% to 45.5%] in the surgery group compared
with 20.6% [95% CI: 8.0% to 37.4%] in the concurrent
chemoradiation group. In a subgroup analysis limited to
patients with no comorbidities, we found that surgery
(n = 51) was associated with a trend toward improved
survival compared with concurrent chemoradiation (n =
625) (log-rank p = 0.17) (Fig 5). Median survival was 33.3
months [95% CI: 26.3 to 57.8 months] in the surgery group
and 25.7 months [95% CI: 23.2 to 29.3 months] in the
concurrent chemoradiation group. Five-year survival was
32.9% [95% CI: 18.5% to 48.1%] in the surgery group
compared with 29.4% [95% CI: 25.5% to 33.4%] in the
concurrent chemoradiation group.

Comment

This study evaluated the impact of surgery versus con-
current chemotherapy and radiation for N1 SCLC. Both
multivariable Cox modeling and propensity score-
matched analysis demonstrated that surgery was associ-
ated with a significantly higher OS than concurrent
chemoradiation for patients with clinical T1-3 N1 MO
SCLC. After multivariable adjustment, treatment with
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Fig 4. (A) Overall survival of cT1-3 N1 MO small cell lung cancer (SCLC) patients who underwent wedge resection versus lobectomy. (B) Overall

survival of cT1-3 N1 M0 SCLC patients who underwent wedge resection or lobectomy and did not have positive margins. (CI = confidence

interval.)

adjuvant chemoradiation was found to be associated with
significantly better survival than treatment with adjuvant
chemotherapy without radiation.

Current NCCN guidelines recommend concurrent
chemoradiation for patients with limited stage (including
T1-3 N1 MO0) SCLC. The data to support this recom-
mendation are limited. There have been two randomized
controlled trials performed more than two decades ago
that evaluated surgery versus nonoperative management
for SCLC [1, 2]. In 1973, results of the Medical Research
Council randomized trial evaluating surgery versus
radiotherapy for SCLC found that patients randomized to
radiation treatment (n = 73) had better long-term survival
than patients who were randomized to the surgical arm
(n = 71), although the survival was poor in both groups
(5-year survival: 4% versus 1%) [2]. In 1994, the Lung

1.00
1

0.75
L

0.50

Overall Survival (Probability)
L

0.25
L

0.00
L

T T
0 12 24 36 48 60

Time (months)
Number at risk
Surgery 51 42 32 18 14 8
Concurrent chemoRT 625 486 299 208 143 104
Surgery — — — — Concurrent chemoRT

Fig 5. Owerall survival of cT1-3 N1 MO small cell lung cancer
(SCLC) patients with no comorbidities, stratified by surgery
versus concurrent chemoradiation. (CI = confidence interval;
RT = radiation.)

Cancer Study Group found that patients with limited
stage SCLC with regional lymph node involvement who
received neoadjuvant chemotherapy followed by surgery
(n = 70) did not have better survival than patients who
had neoadjuvant chemotherapy followed by definitive
radiation (n = 76) [1]. The study found that the 2-year OS
in both the surgery and radiation groups was 20%. From
these studies, it appeared that there was no role for sur-
gery in the multimodality treatment of SCLC.

Since these trials, however, there have been many
developments in SCLC therapy [13, 14]. For example,
etoposide and cisplatin have replaced alkylator/
anthracycline-based regimens because of their superior-
ity in both efficacy and toxicity for limited-stage SCLC [8].
Radiation given concurrently with chemotherapy has
been shown to improve survival over sequential admin-
istration for SCLC [8, 13-15]. There have also been newer
staging modalities for SCLC which more accurately select
the appropriate patients for possible resection [8]. Our
study findings suggest that in the setting of these
contemporary therapeutic options, surgery with adjuvant
chemotherapy with or without radiation as a viable op-
tion for the treatment of node-positive SCLC needs to be
considered and further studied in randomized trials.

One important limitation to this study is that we do not
know the specific reason as to why a patient underwent
surgery for N1 SCLC in the surgical cohort. Most likely,
given that the current standard of care is chemoradiation
and not surgery for N1 SCLC, most of the patients in the
surgery group had a nondefinitive preoperative patho-
logic diagnosis or a misdiagnosis before their operation
and that the finding of SCLC was a surprise or unexpected.
Of note, it has been previously reported that SCLC can be
misinterpreted as a lower-grade neuroendocrine pulmo-
nary tumor (typical or atypical carcinoid), as non-SCLC
(eg, as large cell neuroendocrine carcinoma), or as
neuroendocrine “not otherwise specified” [16].

There are several other limitations to this study. First, it
is a retrospective study, and some confounding variables
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may not have been accounted for in the analysis. The
NCDB does not have data on the number of doses of
chemotherapy administered, the specific chemotherapy
agents and types of radiation administered, local and
distant recurrence and disease-free survival, and perfor-
mance status of patients at different time points. Second,
there is a possibility that patients in the chemoradiation
group were sicker than patients in the surgical group. We
attempted to minimize this bias by including the CDCC
index as a covariate in the Cox models. We also per-
formed a separate analysis limited to patients who had no
comorbidities and found that there was a trend toward
improved survival in the surgical group compared with
the concurrent chemoradiation group, although the
association was not statistically significant. It is possible
that the loss of significance for the surgery group was due
to a loss of statistical power. Third, the NCDB does not
have data on how clinical N1 disease was detected. In
addition, the NCDB does not provide details about extent
of N1 disease; thus, we were unable to distinguish be-
tween microscopic and bulky N1 disease. It is possible
that bulky N1 disease may have been more common in
the chemoradiation group, which may have biased results
in favor of the surgery group. Finally, the surgery group
included sublobar resections, which have been shown to
be oncologically inferior operations to lobectomy for
SCLC [17]. Although we only included curative-intent
(nonpalliative) surgical resections in this study, we do
not know for certain how many of the patients underwent
a wedge resection, were found to have SCLC on frozen
section, and then referred directly to chemotherapy with
or without radiation without proceeding to lobectomy. By
including nonanatomic resections in the surgery group,
we may have underestimated the impact of surgery for
patients with T1-3 N1 M0 SCLC.

In conclusion, in an analysis of a population-based data
set, surgery with adjuvant chemotherapy with or without
radiation therapy was associated with better survival than
concurrent chemoradiation for T1-3 N1 MO SCLC.
Because of the limitations of the NCDB, this study does not
demonstrate that surgery is superior to concurrent che-
moradiation for T1-3 N1 M0 SCLC, but it does show that
selected patients who undergo surgery for N1 SCLC have
reasonable long-term outcomes. These results support the
re-evaluation of the role of surgery in multimodality
therapy for N1 SCLC in a clinical trial setting.

The American College of Surgeons has executed a Business
Associate Agreement that includes a data use agreement with
each of its Commission on Cancer accredited hospitals. The data
used in the study are derived from a de-identified NCDB file. The
American College of Surgeons and the Commission on Cancer
have not verified and are not responsible for the analytic or
statistical methodology employed, or the conclusions drawn
from these data by the investigators. This work was supported by
the National Institutes of Health Cardiothoracic Surgical Trials
Network (B.C.G. and M.G.H.), Grant No. 5U01HL088953-05, and
the American College of Surgeons Resident Research Scholar-
ship (CJ.Y.).
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