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Background: There is a paucity of data regarding the role of wedge resection (WR) in the management of
bronchial carcinoid (BC) tumors. In this study, we queried the Surveillance, Epidemiology, and End Results
(SEER) database to compare the oncologic outcomes of patients with BC tumors treated with WR or
anatomic resection.

Methods: The SEER database was retrospectively reviewed for patients with BC treated with surgical
resection between 1973-2013. Patients who underwent WR were compared to those who underwent
lobectomy or segmentectomy (Lob/Seg). Patients with multiple primaries and those who underwent
pneumonectomy or have an unspecified surgical procedure were excluded. Differences in demographics and
clinicopathological data were compared using Chi (x) test or Mann Whitney U test. Overall and cancer
specific survival (OS, CSS) were estimated using Kaplan-Meier method and differences were compared using
log-rank test. Cox-regression multivariable analysis (MVA) was performed to explore factors associated with
worse CSS. Propensity-score matching analysis was done to compare survival differences between WR and
Lob/Seg.

Results: A total of 22,350 patients with BC were identified, of them 4,450 met our inclusion criteria
(3,511 Lob/Seg, vs. 939 WR). The median age was 59.0 years [interquartile range (IQR) =49.0-68.0],
67.6% were females and the median tumor size was 2 cm (1.5-3 cm). 4,119 patients had typical
carcinoid (T'C) and 331 had atypical carcinoid (AC). WR was performed more frequently in elderly
patients, females, lower lobe tumors, TC’s and in earlier stage disease. For patients with TC, there
was no difference in CSS between WR and Lob/Seg in both the entire cohort (P=0.654) and in the
propensity matched groups (P=0.900). However, for patients with AC, Lob/Seg was associated with
better CSS compared to WR both in the entire cohort (P<0.001) and in the propensity matched groups
(P=0.001). On MVA of the entire cohort, elderly patients, males, blacks, AC and advanced stages
had worse CSS. While, the type of the procedure (WR vs. Lob/Seg) was not associated with CSS
(HR =1.16, 95% CI =0.85-1.60).

Conclusions: A WR may offer equivalent CSS in well-selected patients with early-stage TC. An anatomic

resection appears warranted in AC.
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Introduction

Bronchial carcinoid (BC) tumors are histologically
classified into typical and atypical carcinoids (T'C and AC).
While there is wide agreement that the more biologically
aggressive AC tumors should be treated by anatomic
resection, there are now several case series and small, single-
institutional, retrospective studies that have questioned the
role of WR in the management of BC tumors. This draws
on the recent studies of sublobar and wedge resections
(WRs) in early stage NSCLC (1). However, due to the
small number of patients included in those studies, a
clinically meaningful conclusion couldn’t be obtained (1,2).
Moreover, it is unlikely that a randomized, controlled trial
with an adequate sample size could be conducted because
of the rarity of the disease. We therefore sought to explore
the oncological outcomes of in a large cohort of patients
undergoing WR for BC tumors by comparing them to
patients who underwent Lob/Seg in the Surveillance
Epidemiology End Results (SEER) database.

Methods
Data sources

The SEER database was queried for patients with BC
tumors treated with surgical resection (WR or Lob/Seg).
We used the Public Use data version collected from the
SEER 18 registries between 1973 and 2013. We limited our
analysis to patients presenting with a single tumor, as the
survival of patients with multiple primary tumors could not
be ascribed to a single anatomic cancer site.

Study population and inclusion criteria

We used the International Classification of Diseases
for Oncology, 3rd edition histological codes (ICD-0-3)
to identify patients with typical (8240/3) and atypical
carcinoid tumors (8249/3) (3,4). Patients who underwent
WR were compared to those who underwent lobectomy or
segmentectomy (Lob/Seg). Patients with multiple primaries
and those who underwent pneumonectomy or have an
unspecified surgical procedure were excluded. Moreover,
patients diagnosed with BC on autopsy/death certificate,
and those lacking survival data were excluded.

Study variables, survival and follow-up data

Data on gender, age, race, year of diagnosis, histology,
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grade, stage with its TNM breakdown, tumor size, surgical
procedure, survival months, and vital status (alive or dead)
at the last follow-up visit and cause of death were retrieved
from the SEER database.

Opverall survival (OS) was defined as the time from the
date of diagnosis until the date of death from any cause,
while cancer specific survival (CSS) was defined as the time
from the date of diagnosis until the date of death from lung
cancer.

Median follow up of the entire cohort was 70 months
[interquartile range (IQR), 33-116 months]. Median follow-
up in typical, and atypical carcinoid was 72 (IQR, 34-118),
and 49 (IQR, 22-79) months, respectively.

Study objectives

The primary objective of the current study was to compare
CSS and OS in patients with BC tumors treated with WR
or Lob/Seg, both in the entire cohort and in the propensity
matched groups. Survival probabilities were estimated
using the Kaplan-Meier method and differences in survival
between the study groups were compared using the Log-
rank test.

The secondary objectives were to compare different
clinicopathological parameters in Lob/Seg vs. WR groups
and to compare different clinicopathological parameters
and CSS in different BC histological subtypes (typical vs.

atypical).

Statistical methods

Continuous variables were presented as median (IQR)
and were compared using the Mann Whitney U test while
categorical variables were reported as numbers (percentages)
and were compared using Pearson’s Chi (i) test.

Factors predicting CSS were explored by multivariable
Cox-regression analysis and presented as hazard ratio (HR)
and 95% confidence interval (95% CI). A propensity score
matched analysis (1:1, controlling for age, race, gender,
year of diagnosis, histology and stage) was done to compare
CSS differences in balanced cohorts of patients undergoing
WR or Lob/Seg. Matching was done by using the nearest
neighbor methods with no replacement, caliper =0.20).
For all statistical analyses, P value <0.05 was considered
statistically significant. Statistical analyses were performed
by using the IBM SPSS software (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0;
IBM Corp., Armonk, NY, USA), the PS-matching package

F Thorac Dis 2019;11(4):1355-1362



Journal of Thoracic Disease, Vol 11, No 4 April 2019 1357

Table 1 Comparison between Lobectomy/segmentectomy and wedge resection cohorts (n=4,450)
Overall (n=4,450), N (%)  Lob/Seg (n=3,511), N (%)
58.0 (47.0, 67.0)

WR (n=939), N (%) P
64.0 (56.0, 72.0) <0.001

Variables

Age, median (IQR) 59.0 (49.0, 68.0)

Year of diagnosis [< vs. 2007 (median)] 2,107/2,343 (47.3/52.7) 1,687/1,824 (48.0/52.0)  420/519 (44.7/55.3) 0.076

1,227/2,284 (34.9/65.1) 217/722 (23.1/76.9) <0.001

Gender (M:F) 1,444/3,006 (32.4/67.6)

Race 0.137
White 4,054 (91.1) 3,214 (91.5) 840 (89.5)
Black 251 (5.6) 188 (5.4) 63 (6.7)
Others/unknown 145 (3.3) 109 (3.1) 36 (3.8)
Location 0.001
Upper lobe 1,369 (30.8) 1,054 (30.0) 315 (33.5)
Middle/lower lobe 2,795 (62.8) 2,249 (64.1) 546 (58.1)
Overlapping/others 286 (6.4) 208 (5.9) 78 (8.3)
Histology [TC vs. AC (%)] 4,119/331 (92.6/7.4) 3,236/275 (92.2/7.8) 883/56 (94.0/6.0) 0.062
Tumor size (mm), median (IQR) 20.0 (15.0, 30.0) 21.0 (15.0, 30.0) 15.00 (10.0, 20.0) <0.001
Stage (stage | vs. higher) 3,515/884 (79.9/20.1) 2,718/754 (78.3/21.7) 797/130 (86.0/14.0) <0.001
T stage (T1 vs. higher) 913/461 (66.4/33.6) 686/380 (64.4/35.6) 227/81 (73.7/26.3) 0.003
N stage (-ve vs. +ve)' 2,452/324 (88.3/11.7) 1,901/297 (86.5/13.5) 551/27 (95.3/4.7) <0.001
N stage subgroups’ <0.001
NO 2,452 (88.3) 1,901 (86.5) 551 (95.3)
N1 189 (6.8) 182 (8.3) 7(1.2)
N2 135 (4.9) 115 (5.2) 20 (3.5)
Number of nodes, median (IQR) 4.0 (1.0, 8.0) 5.0 (2.0, 10.0) 0.00 (0.0, 1.0) <0.001
All cohort 10 years CSS 92.3% 92.5% 91.8% 0.333
Typical carcinoid 10 years CSS 93.8% 93.8% 94.4% 0.654
Atypical carcinoid 10 years CSS 70.1% 75.2% NR <0.001
Matched group
All cohort 10 years CSS 92.7% 93.6% 91.8% 0.170
Typical carcinoid 10 years CSS 94.4% 94.3% 94.4% 0.900
Atypical carcinoid 10 years CSS 58.9% 79.1% NR 0.001

1 available data on N stage is lower than total cohort data. CCS, cancer specific survival; NR, not reached.

during the study period (1.86% of all non-small cell lung
cancer patients). A total of 4,450 cases (3,511 Lob/Seg, 939
WR) met our inclusion criteria. Median age was 59.0 years
(IQR =49.0-68.0 years), 3,006 were females (67.6%) and
median tumor size was 2 cm (1.5-3 cm).

WR was utilized more frequently in older patients,
females, lower lobe tumors, typical carcinoid and early stage
disease (Tuble 1).

version 3.03 and the SPSS statistics R essentials were used

for statistical analyses (5,6).

Results
Demographic and clinicopathological data

A total of 22,350 patients with BC tumors were identified
F Thorac Dis 2019;11(4):1355-1362
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Table 2 Comparison between typical and atypical carcinoid cohorts
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Variables TC (n=4,119), N (%) AC (n=331), N (%) P
Age, median (IQR) 59.0 (48.0, 68.0) 61.0 (52.0, 70.0) 0.001
Year of diagnosis [< vs. 22007 (median)] 2,007/2,112 (48.7/51.3) 100/231 (30.2/69.8) <0.001
Gender (F:M) 1,339/2,780 (32.5/67.5) 105/226 (31.7/68.3) 0.816
Race 0.395

White 3,757 (91.2) 297 (89.7)

Black 232 (5.6) 19 (5.7)

Others/unknown 130 (3.2) 15 (4.5)
Location 0.133

Upper lobe 1,260 (30.6) 109 (32.9)

Middle/lower lobe 2,586 (62.8) 209 (63.1)

Overlapping/others 273 (6.6) 13 (3.9)
Histology [TC vs. AC (%)] 4,119/0 (100.0/0.0) 0/331 (0.0/100.0) <0.001
Tumor size (mm), median (IQR) 20.0 (14.0, 30.0) 23.0(17.0, 30.0) 0.015
Stage (stage | vs. higher) 3,319/753 (81.5/18.5) 196/131 (59.9/40.1) <0.001
T stage (T1 vs. higher) 845/393 (68.3/31.7) 68/68 (50.0/50.0) <0.001
N stage (-ve vs. +ve)' 2,217/228 (90.7/9.3) 235/96 (71.0/29.0) <0.001
N stage subgroups’ <0.001

NO 2,217 (90.7) 235 (71.0)

N1 146 (6.0) 43 (13.0)

N2 82 (3.4) 53 (16.0)
Number of nodes, median (IQR) 4.0(1.0, 8.0) 5.5 (2.0, 11.0) <0.001
Operation [Lob/Seg vs. WR (%)] 3,236/883 (78.6/21.4) 275/56 (83.1/16.9) 0.062

1 available data on N stage is lower than total cohort data.

Typical vs. atypical bistology

Among our cohort, the vast majority of patients with BC
tumors had TC histology [n=4,119 (92.6%)] compared
to [n=331 (7.4%)] for AC tumors. Compared to patients
with AC tumors, patients with T'C tumors were younger
(59.0 vs. 61.0 years, P=0.001), had earlier stage disease
(stage I; 81.5% wvs. 59.9%, P<0.001), and had more node
negative disease (90.7% vs. 71.0%, P<0.001). Differences
in other demographics and clinicopathological variables are
summarized in Table 2.

Survival data

Ten years OS and CSS for the entire cohort were 79.8%
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and 92.4% respectively (Figure 1). On multivariable
analysis (MVVA) of the entire cohort, older age (HR =1.05,
95% CI =1.04-1.06), male gender (HR =1.63,
95% CI =1.24-2.15), black race (HR =2.10, 95% CI =1.33-3.31),
AC histology (HR =4.83, 95% CI =3.52-6.62) and advanced
stage (HR =4.13, 95% CI =3.15-5.43) were associated with poor
CSS. While the type of surgical procedure was not associated
CSS (WR, HR =1.16, 95% CI =0.85-1.60) (Lables 3 ,S1).

There were no differences in the 10 years CSS between
WR and Lob/Seg in the entire whole cohort (92.5% vs.
91.8%, P=0.333), and in patients with T'C histology (93.8%
vs. 94.4%, P=0.654). However, Lob/Seg was associated
with better CSS in patients with AC tumors (P<0.001)
(Table 1, Figure 2). Similarly, among patients presenting

F Thorac Dis 2019;11(4):1355-1362
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Figure 1 Survival among bronchial carcinoid patients: (A) overall survival and (B) cancer specific survival.

with T1a tumors (<2 cm), there was no difference in ten
years CSS between WR and Lob/Seg in the entire cohort
(91.7% wvs. 91.6%, P=0.719), and in patients presenting with
TC histology (92.8% wvs. 93.6%, P=0.945). However, Lob/
Seg was associated with better CSS in patients with T1a AC
tumors (P=0.002).

In propensity-score matched cohorts (n= 939 patients in
each group), there was no difference between WR and Lob/
Seg in 10 years CSS neither in the entire cohort (93.6%
vs. 91.8%, P=0.170) nor in patients presenting with TC
histology (94.3% vs. 94.4%, P=0.900). However, in patients
presenting with AC histology, Lob/Seg was associated with
a higher 10 years CSS rate (P=0.001) (Zables 1,52, Figure 3).

Discussion

In the current study, we found no differences in CSS
between typical carcinoid patients treated by either WR or
anatomical resection, both in the multivariate model and in
the propensity-matched analysis.

Our group and others have previously reported that
a WR might be associated with comparable oncologic
outcomes, compared to an anatomic resection in carefully
staged ¢cT'INO NSCLC patients (1). Similarly, a subgroup
analysis of the American College of Surgical Oncology
Group (ACOSOG) Z4032 trial found that WR and
segmentectomy had comparable local recurrence rates,
disease fee and overall survival rates (7). Several single-
and multd-institutional retrospective studies have reported
a favorable outcome with the use of sublobar resection for
BC tumors (8-11).

The vast majority of thoracic surgeons recommend
performing formal anatomical resection for patients
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presenting with ACs as they have an aggressive biological
behavior and dismal prognosis. However, for the slowly
growing, indolent, typical carcinoid tumors, the interest to
perform a limited resection continues to grow (12,13). Filosso
and his group reported a survival advantage with the use
of anatomic resection (lobectomy or segmentectomy) over
WR for patients with Stage 1 typical carcinoids. However,
their study assessed OS rather than cancer specific or disease
free survival (14). Some might point to the worse OS for
the wedge group as an evidence for an inferior approach.
However, the comparable CSS noted in the current study
may imply that the inferior OS of WR in Filosso study was
due to higher comorbidities and older age.

Some thoracic surgeons may argue that conservative
therapy is misplaced even in TC tumors that are associated
with low incidence of mediastinal nodal disease and even
a rare distant metastatic potential (15). In the current
series, WR was associated with lower number of resected
node sand nodal upstaging compared to Lob/Seg. Despite
that, there was no difference in CSS between wedge and
anatomic resection in patients with TCs.

Our institutional practice is to perform preoperative
needle biopsy and intraoperative frozen section examination
to try to differentiate between TC and AC. The decision
to perform a completion lobectomy for patients treated
with WR who turn out to have a postoperative pathologic
diagnosis of AC is complex and should take into
consideration patient’s age and comorbidity, and should only
be performed after a detailed discussion with the patients
and their families. For patients whose tumors are only
identified post operatively as atypical and have undergone
a WR and are NO we would generally recommend close
follow up and no additional surgery.

F Thorac Dis 2019;11(4):1355-1362
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Table 3 Predictors of CSS in the whole cohort (n=4,450)

Univariate analysis

Multivariate analysis”

Independents variables

OR (95% ClI) P value OR (95% Cl) P value

Age (n=4,450) 1.04 (1.03-1.05) <0.001 1.05 (1.04-1.06) <0.001
Gender (n=4,450)

Female Reference 0.030 Reference

Male 1.35(1.03-1.76) 1.63 (1.24-2.15) <0.001
Race (n=4,450)

White Reference Reference

Black 1.80 (1.15-2.82) 0.011 2.10 (1.33-3.31) 0.001

Others/unknown 1.47 (0.75-2.87) 0.258 1.42 (0.73-2.78) 0.303
Location (n=4,450)

Upper lobe Reference

Middle/lower lobe 0.85 (0.64-1.12) 0.242

Overlapping/others 0.64 (0.34-1.21) 0.169
Histology (n=4,450)

Typical carcinoid Reference Reference

Atypical carcinoid 6.51 (4.81-8.82) <0.001 4.83 (3.52-6.62) <0.001
Stage (n=4,399)

Stage | Reference Reference

Higher stage 4.55 (3.48-5.94) <0.001 4.13 (3.15-5.43) <0.001
T stage (n=1,374)

T1 Reference

More than T1 1.17 (0.53-2.57) 0.701
N stage (n=2,776)

N -ve Reference

N +ve 5.69 (4.15-7.80) <0.001
Operation (n=4,450)

Lob/Seg Reference

WR 1.16 (0.85-1.60) 0.349

1 variables with P value less or equal to 0.05 in univariate analysis were involved in MVA. CSS, cancer specific survival; MVA, multivariable

analysis.

In the current study, we found that Black gender was
associated with a more advanced disease and poor survival
compared to Whites and other races. Similar findings were
reported before in lung and esophageal cancer (16,17).

The principal finding of the current study is that in
patients with typical carcinoid tumors, a WR appears to be
a good oncologic alternative to an anatomic resection.
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In the absence of prospective randomized controlled
trials comparing WR and anatomical resection for BC,
the large number of patients in the SEER database and
the propensity score-matched analyses performed in the
current study may provide useful guidance, as it diminishes
potential imbalances associated with other retrospective,
observational studies (18).
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comparing lobectomy and segmentectomy (n=912) vs. wedge

resection (n=939).

Two large randomized controlled trials that are
comparing lobectomy and sublobar resection for early-
stage NSCLC have recently completed their targeted
accrual [the Japanese Clinical Oncology Group trial in
Japan (JCOGO0802) and the Alliance trial (CALGB140503)
in North America]. While, the preliminary analyses of
the CALGB140503 trial’s data suggest comparable short-
term postoperative morbidity and mortality in patients
undergoing lobectomy and sublobar resection (19). Data
on long-term oncological outcomes, that are expected to
be available in the next few years, will shed the light on
the oncological adequacy of sublobar resection (wedge and

Segmentectomy) in the management of early stage NSCLC.
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The study’s limitations include its retrospective nature
and the lack of detailed perioperative data such as smoking
history, comorbidities, extent of lymph node dissection,
tumor centrality and patterns of local/distant failure. While
it would have been of interest to explore whether the
use of minimally invasive approaches [uni-, multi-portal
video-assisted thoracoscopic surgery (VATS) and robotic
surgery] affect the oncologic outcomes in patients with BC,
unfortunately, the surgical approach is not included in the

SEER database (20-22).

Conclusions

The current study found that a WR may offer equivalent
CSS to anatomic resection in highly selected patients
with small, early-stage, T'C disease. While, the number
of resected lymph nodes and the rate of nodal upstaging
was higher in the anatomic resection group, this was not
reflected in a worse CSS in patients undergoing WR.
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Supplementary

Table S1 Differences in included carcinoid patients based on race

Variables White (n=4,054), N (%) Black (n=251), N (%) Others (n=145), N (%) P
Age, median (IQR) 59.0 (49.0, 68.0) 56.0 (44.0, 64.0) 59.0 (49.0, 69.0) <0.001
Year of diagnosis [< vs. 22007 (median)] 1,922/2,132 (47.4/52.6) 122/129 (48.6/51.4) 63/82 (43.4/56.6) 0.592
Gender (F:M) 1,305/2,749 (32.2/67.8) 79/172 (31.5/68.5) 60/85 (41.4/58.6) 0.064
Location 0.007

Upper lobe 1,261 (31.1) 65 (25.9) 43 (29.7)

Middle/lower lobe 2,548 (62.9) 157 (62.5) 90 (62.1)

Overlapping/others 245 (6.0) 29 (11.6) 12 (8.3
Histology [TC vs. AC (%)] 3,757/297 (92.7/7.3) 232/19 (92.4/7.6) 130/15 (89.7/10.3) 0.395
Tumor size (mm), median (IQR) 20.0 (14.75, 29.0) 20.0 (15.0, 30.0) 20.0 (15.0, 30.0) 0.655
Stage (stage | vs. higher) 3,217/789 (80.3/19.7) 181/69 (72.4/27.6) 117/26 (81.8/18.2) 0.009
T stage (T1 vs. higher) 831/408 (67.1/32.9) 48/31 (60.8/39.2) 34/22 (60.7/39.3) 0.335
N stage (-ve vs. +ve)' 2,223/294 (88.3/11.7) 143/20 (87.7/12.3) 86/10 (89.6/10.4) 0.903
N stage' 0.932

NO 2,223 (88.3) 143 (87.7) 86 (89.6)

N1 173 (6.9) 10 (6.1) 6 (6.2)

N2 121 (4.8) 10 (6.1) 4(4.2)
Number of nodes, median (IQR) 4.0 (1.0, 8.0) 4.0 (0.0, 7.0) 4.0 (0.5,9.0) 0.338
Operation [Lob/Seg vs. WR (%)] 3,214/840 (79.3/20.7) 188/63 (74.9/25.1) 109/36 (75.2/24.8) 0.137
Y available data on N stage is lower than total cohort data.
Table S2 Matched cohorts criteria
Variables Overall (n=1,878), N (%) Lob/Seg (n=939), N (%) WR (n=939), N (%) P SMD
Age, median (IQR) 64.0 (56.0, 72.0) 65.0 (56.5, 71.0) 64.0 (56.0, 72.0) 0.872 0.004
Year of diagnosis [< vs. 22007 (median)] 849/1,029 (45.2/54.8) 429/510 (45.7/54.3) 420/519 (44.7/55.3) 0.711 0.019
Gender [F:M (%)] 431/1,447 (22.9/77.1) 214/725 (22.8/77.2) 217/722 (23.1/76.9) 0.913 0.008
Race [White vs. others (%)] 1,697/181 (90.4/9.6) 857/82 (91.3/8.7) 840/99 (89.5/10.5) 0.211 0.061
Histology [TC vs. AC (%)] 1,759/119 (93.7/6.3) 876/63 (93.3/6.7) 883/56 (94.0/6.0) 0.57 0.031
Stage [stage | vs. higher (%)] 1,609/269 (85.7/14.3) 803/136 (85.5/14.5) 806/133 (85.8/14.2) 0.895 0.009

AC, atypical carcinoid; SMD, standardized mean difference; TC, typical carcinoid.



