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ABSTRACT

Background: We hypothesized: 1) Resected pulmonary typical carcinoid (TC) will show a favorable clinical pattern
compared to other bronchopulmonary neuroendocrine tumors (BPNETSs); and 2) Atypical carcinoid (AC) and large-cell
neuroendocrine carcinoma (LCNEC) patients will have similar outcomes. Methods: The Surveillance Epidemiology
and End Result database was queried to compare demographics and tumor specific variables in patients undergoing
resection for TC, AC, LCNEC and small cell lung cancer (SCLC) from 2001 to 2006. Results: Similar to LCNEC, AC
patients had greater incidence of histologic positive lymph nodes compared to TC (P < 0.001). Survival analysis showed
a mean survival of 40.0 + 1.9 months for SCLC, 46.2 + 2.2 months for LCNEC, 58.3 + 2.3 months for AC, and 70.2 +
0.2 months for TC tumors. TC patients demonstrated favorable survival, and SCLC patients poorer survival, compared
to AC and LNEC patients (P < 0.01). Conclusion: AC tumors are a BPNET histology that exhibits clinical behavior
distinct from TC. AC tumors should be staged, and treated with stage appropriate therapeutic strategies similar to other

non-small cell lung cancers.
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1. Introduction

In the 1999 World Health Organization classification
atypical carcinoid (AC) and typical carcinoid (TC)
tumors are considered “carcinoid type”. Carcinoid type is
a sub-category of the bronchopulmonary neuroendocrine
tumor (BPNET) classification that includes large-cell
neuroendocrine carcinoma (LCNEC), and small cell lung
cancer (SCLC) [1].

AC tumors have neuroendocrine features of being
organoid, trabecular, palisading, and rosette-like, with 2
to 10 mitotic figures seen in a 10 high powered focus [2].
Although AC tumors are distinguished from TC on
histological criteria such as >2 mitotic figures per high
power field, both show common histological features of
spindle, oncocytic and melanocytic cells.

The above four types of BPNET represent nearly 20%
of tumors found in the lung. AC and TC tumors comprise
of about 1% of the BPNETs with an incidence rate of
about 1.57 in 100,000 as of 2003, representing an
increase of 6% per year over the last 30 years [3]. Iyoda
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et al. demonstrated that the AC and TC tumors are not
related to smoking, and are found in younger patients [4].
Small studies suggest that AC caries a worse prognosis
than TC [5-8]. In this study, using a large population
cancer database, we tested the hypotheses 1) AC caries a
worse prognosis than TC; 2) TC, AC, LNEC and SCLC
represent a stepwise increasing negative prognosis within
the BPNET classification; and 3) patient outcomes for
AC tumors are similar to those for LNEC tumors.

2. Methods
2.1. Database

The Surveillance Epidemiology and End Result (SEER)
database was queried to compare AC to TC, LCNEC and
SCLC. The SEER Program is a National Cancer Institute
source that provides information regarding incidence and
survival of various cancers in the United States. The
database represents roughly 26% of US population, in-
cluding 23% of African Americans, 40% of all Hispanics,
42% of American Indians/Alaskan natives, 53% of
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Asians, and 70% of Hawaiian/Pacific Islanders [9].

Data obtained from SEER was used to determine
demographic variables such as age, gender, and ethnicity.
In addition, tumor specific variables such as AJCC pa-
thologic stage, laterality, primary site, nodal status and
tumor grade were evaluated. The University of California,
Davis Medical Center Institutional Review Board deter-
mined that this project qualified for an exemption.

2.2. Search Criteria

Inclusion criteria included all post-lobectomy or similar
procedures performed for these four histologic types
from 2001-2006. 2001 was selected as the start of the
analysis as it was the first year available in the database
for information on AC tumors. Other surgical procedures
considered included segmental resection, bronchial sleeve
resection, lobectomy with mediastinal node dissection,
lobe or bilobectomy extended, with or without chest
wall/pericardium/diaphragm, pneumonectomy of any type
with or without mediastinal node dissection, extended
pneumonectomy, resection of the lung NOS, or surgery
NOS.

Subsequently, patients with single primary at initial
diagnosis, along with only the first occurrence of malig-
nancy were evaluated. Disease specific survival endpoint
was death from “Lung and Bronchus” as coded in the
SEER database. The search criteria identified 2239
patients undergoing lobectomy for TC, 145 for AC, 510
for LCNEC and 1521 for SCLC from 2001 to 2006.

2.3. Statistical Analysis

The significance of mean age calculation was determined
using analysis of variance (ANOVA). Categorical out-
comes such as number of primaries, AJCC Stage, histo-
logic type, primary site, nodal status, sex, race and grade
were compared using the Pearson Chi-Square test.

The data obtained from the search was used to con-
struct a Kaplan-Meier survival curve to determine sur-
vival of the patients following surgical resection. Sur-
vival analysis was performed for each histologic subtype.
A multivariate Cox regression analysis was also per-
formed to evaluate the importance of these variables in
the survival patterns of each of the four histologic types.

Analysis was performed with PASW Statistics version
17.0 (SPSS Inc, Chicago, IL). Statistical significance was
defined as a P-value of 0.05 or less.

3. Results
3.1. Demographics

Atypical carcinoid tumors occur in patients at a younger
age (mean 59.9 years of age = 13.5) than LNEC and
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SCLC (65.3 + 11.0 and 66.2 + 10.1 respectively) but
older than patients with typical carcinoid tumors (58.5 +
15.7, P < 0.001; Table 1). In regards to gender, AC, TC
and SCLC occurred at a higher rate in females compared
to males (70.3%, 68.7% and 51.4% respectively, P <
0.001) while LCNEC was more prevalent in males
(Figure 1). There was no difference (P = 0.29) between
groups in regards to ethnicity (data not shown).

3.2. Tumor Characteristics

Tumor specific variables including anatomic location,
stage and lymph node involvement are illustrated in Ta-
ble 1. The majority of AC, LNEC and SCLC tumors
occurred in the upper lung fields (i.e. upper, middle and
lingula; 53.1%, 65.3, 64.1% and 49.6%). TC had a higher
predilection to lower lobe incidence (41%, P < 0.001).
All histologies had a higher predilection towards the
right lung (P <0.001).

The majority of tumor grades for AC, TC and SCLC
were characterized in the SEER database as “Unknown”.
Of known data values for tumor grade, the majority of
TC and AC tumors were Grade I/II (93.8% and 87.8%
respectively, P < 0.001; Table 1) and LNEC and SCLC
were mostly Grade I1I/IV (94.3% and 95.8% respectively,
P <0.001). AC had a similar percentage of patients with
positive lymph nodes as LCNEC (30.4%) and SCLC
(46.3%). Although very few TC patients had positive
lymph nodes compared to the other histologies (P <
0.001), 8.7% of patients with TC presented with positive
lymph nodes. In regards to tumor stage, AC, TC and
LCNEC tumors were mostly Stage Occult/I/Il, and
SCLC mostly Stage III/IV (P < 0.001; Table 2).

3.3. Survival

Survival analysis for all stages showed a mean survival
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Figure 1. Predilection of TC and AC incidence towards
female patients. AC = atypical carcinoid, TC = typical
carcinoid, LCNEC = large cell neuroendocrine carcinoma,
SCLC =small cell lung cancer, F = Female, M = Male.
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Table 1. Patient clinical and tumor characteristics.
AC TC LCNEC SCLC
Characteristic N Mean SD N Mean SD N Mean SD N Mean SD P-value
Age 145 59.9 13.5 2239 58.5 15.7 510 65.3 11.0 1521 66.2 10.1 <0.001
Count  Percent Count  Percent Count  Percent Count  Percent P-value
Pl())zﬁfjésl\‘]‘(’) i(;zs 39 26.9 194 8.7 155 30.4 704 46.3 <0.001
Laterality <0.001
Left 55 38.0 846 38.0 225 44.0 614 42.0
Right 90 62.0 1376 61.0 281 55.0 802 53.0
Tumor Lobe <0.001
Uppif[’ié‘é‘llegula’ 77 53.1 1057 472 327 64.1 755 49.6
Lower 53 36.6 918 41.0 145 28.4 292 19.2
Grade <0.001
Grade [ & II 43 87.8" 180 93.8" 18 5.7 29 42
Grade 111 & IV 6 12.2° 12 6.2" 298 94.3" 667 95.8"
Unknown 96 1791 189 801

"Percent of patients with tumors with known grade; AC = atypical carcinoid;

small cell lung cancer.

TC = typical carcinoid; LCNEC = large cell neuroendocrine carcinoma; SCLC =

Table 2. Tumor stage characteristics.

. AC TC LCNEC SCLC
Stage 3 ok *ox *ox

Count Percent Count Percent Count Percent Count Percent P-value
Occult L, IA, IB 31 63.2 147 76.6 176 55.7 205 29.5 <0.001

IIA, 1IB 3 6.1 11 5.7 44 13.9 65 9.3

IIIA 4 8.2 11 5.7 47 14.9 111 15.9

1B 7 14.3 13 6.8 22 7.0 114 16.4

v 4 8.2 10 5.2 27 8.5 201 28.9

Unknown 4 1205 12 74

*6th Edition, AJCC Stage; = Percent of patients with tumors of known grade;

crine carcinoma; SCLC = small cell lung cancer.

of 40.0 + 1.9 months for SCLC (95% CI 36.4 - 43.7
months), 46.2 = 2.2 months for LCNEC (95% CI 42.0 -
50.4 months), 58.3 £ 2.3 months for AC (95% CI 53.9 -
62.7 months), and 70.2 + 0.2 months for TC tumors
(95% CI 69.8 - 70.6 months). TC patients demonstrated
the most favorable survival and SCLC patients the
poorest survival, with a Mantel-Cox log rank P-value of
<0.01 between the four groups). Five-year survivals for
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AC = atypical carcinoid; TC = typical carcinoid; LCNEC = large cell neuroendo-

the histologies were 98% for TC patients, 82% for AC
patients, 50% for LCNEC and 42% for SCLC patients
(Figure 2).

Multivariate Cox analysis revealed that increasing age
at diagnosis (P = 0.003) and increasing stage (P < 0.001)
were negative predictors of survival, with stage III and
IV tumors having the least probability of surviving (Ta-
ble 3).
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Kaplan-Meier Survival All Stages
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Figure 2. Kaplan-Meier 5-year survival analysis for all
stages, post-lobectomy. Reveals a mean survival of 40.0 =
1.9 months for SCLC, 46.2 £ 2.2 months for LCNEC, 58.3 +
2.3 months for AC and 70.2 + months for TC tumors.
Mantel-Cox log rank P-value of <0.01 between the four
groups. AC = atypical carcinoid, TC = typical carcinoid,
LCNEC = large cell neuroendocrine carcinoma, SCLC =
small cell lung cancer.

Table 3. Multivariate cox analysis.

95.0% CI for Odds Ratio

Variable P-value g;lt?;
Lower Upper

Stage”
Stage 1 <0.001 4.63 2.31 9.26
Stage 2 0.011 2.63 1.25 5.56
Stage 3 0.067 2.03 0.95 430
Stage 4 0.037 2.33 1.05 5.18

Age 0.003 0.97 0.96 0.99

“6th Edition, AJCC Stage.

4. Discussion

This study is a large retrospective analysis that seeks to
differentiate clinical outcomes of resected atypical pul-
monary carcinoid tumors compared to typical carcinoid
tumors. In addition, as a point of reference, we compared
post resection AC and TC outcomes to NSLC and SCLC
that are part of the same BPNET class. AC tumors
demonstrated distinct tumor specific variables than TC
tumors. SCLC had the highest number positive lymph
nodes discovered with the tumor, followed by LCNEC,
then AC, and TC, which had the lowest. This correlates
directly with the observed post surgical survival pattern,
and these results confirm that patients with AC tumors
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had significantly worse post lobectomy survival com-
pared to patients with TC tumors. In addition, AC pa-
tients had similar percentage lymph node positivity to
LNEC (28.9% to 30.4%).

Our analysis expands on and confirms previously
published smaller single institutional studies that eva-
luated pulmonary atypical carcinoid tumors and their
survival patterns. Cao et al found that patients with AC
presented with higher stage disease [5]. Garcia-Yuste et
al. found a 78% 5-year survival for patients with AC
tumors with no lymph node involvement, and 60%
survival with nodal involvement. Survival for patients
with TC was significantly better than AC counterparts
[6]. Bini et al. found the best overall survival for patients
with AC tumors (88%), which was marginally worse
than patients with TC [7]. In a large European cancer
registry comparison (265 total carcinoid tumors), 5-year
survival for resected TC was 96% compared to 79% for
AC [8]. Zhong et al. in an analysis of 131 consecutive
patients undergoing pulmonary resection also found a
survival advantage for TC tumors [10].

It is interesting to note that in our analysis, 8.7% of TC
tumors had lymph node involvement. This may be a
result of misclassification of AC as TC. However, if this
misclassification was very prevalent, then our results
should confirm the null hypothesis, or no survival
advantage for TC, and that is not the case. The obser-
vation of 8.7% of TC tumors with nodal involvement
underscores the important of standard surgical therapy
for TC tumors in patients with appropriate performance
status, including pulmonary resection with mediastinal
lymph node sampling or dissection. This is important as
a recent study demonstrated that only 57.3% of patients
had mediastinal lymph nodes removed at the time of
pulmonary resection for NSCLC [11]. Also there have
been reports advocating local, endobronchial therapy
alone for carcinoid tumors [12]. Patients undergoing only
an endobronchial treatment algorithm may be under-
staged.

In our analysis, patients with SCLC exhibited an un-
usually high 5-year survival (>40%). The patient popu-
lations examined are patients who have undergone pul-
monary resection, are therefore a highly selected group.
Although it is impossible to determine, as the data is
de-identified, most of the SCLC tumors may have been
confirmed histologically for patients undergoing resec-
tion for suspicious solitary pulmonary nodules, without
pre-operative needle biopsy, given surgery is rarely the
upfront therapy of choice for SCLC.

Limitations of our study include those inherent to
analysis of a large national database. The SEER Database
only represents approximately 26% of the US population
diagnosed with cancer. In addition, there is a significant
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racial disparity among reporting of minority patients. For
example, only 23% of African Americans are represented
in the database, whereas other minorities have up to 70%
representation in the database [9]. The study was per-
formed using the AJCC 6th edition, which is the edition
utilized by the SEER database for the study period.
Travis et al. also examined the SEER database including
1437 surgical broncho-pulmonary carcinoid cases, and
came to the conclusion that the 7th edition of the TNM
staging system be applied to these histologic cohorts [13].

5. Conclusion

Based on our results, we conclude that AC tumors should
be staged, and treated with stage appropriate neoadjuvant
and adjuvant therapies similar to other NSCLCs. This
approach may provide patients with maximum benefits
of therapy and the best chance for survival. Finding the
appropriate chemotherapeutic regimen for carcinoid tu-
mors may be challenging.
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