
Abstract. Background/Aim: Typical carcinoids (TC) and
atypical carcinoids (AC) are rare diseases. A paucity of
randomized studies and disagreements among various
guidelines makes the management challenging. Patients and
Methods: Using codes for TC (8240) and AC (8249) in the
National Cancer Database (NCDB), all surgically resected
cases from 2004-2014 were included to evaluate the need for
adjuvant chemotherapy. Results: A total of 6,673 cases were
included, 88% were TCs and 12% were ACs. From 2004 to
2014, the proportion of TCs went up from 1.3% to 1.8% and
ACs from 0.1% to 0.3% of all lung malignancies. TC patients
did well with surgery alone in all stages. AC patients with
stage I [5-year overall survival (OS) - 84% vs. 52%; S vs.
S+CT] and stage II disease (5-year OS - 81% vs. 55%; S vs.
S+CT) showed better OS trend with surgery alone, while
stage III patients showed some benefit with the use of
adjuvant chemotherapy (5-year OS - 46% vs. 54%; S vs.
S+CT). These results supported the National Comprehensive
Cancer Network (NCCN) guidelines. Conclusion: No benefit
was seen from adjuvant chemotherapy in TCs. While the
adjuvant therapy may add benefit in stage III AC, the
numbers are small and did not reach statistical significance. 

Neuroendocrine tumors (NETs) are a group of malignancies
that originate from neuroendocrine cells in the body.
Pulmonary NETs are a rare group of tumors that account for
approximately 2% of all primary lung cancers (1). Most

pulmonary NETs are low-grade typical carcinoids (TC), with
rare cases of intermediate grade atypical carcinoids (AC)(2).
Better diagnostic technologies and increased lung cancer
screening may account, in part, for the increasing incidence
of lung NETs (3). 

Proper diagnosis and classification of pulmonary NETs are
essential to treat these patients appropriately. The critical
criterion that helps to classify pulmonary NETs is the
number of mitoses per 2 mm2 of a viable area around the
tumor, along with the presence or absence of necrosis (4, 5).
TCs have less than two mitoses per 2 mm2 of a viable area
of the tumor, with the absence of necrosis. ACs have 2 to 10
mitoses per 2 mm2 with the presence of necrosis. Other high-
grade tumors like small cell lung carcinoma (SCLC) and
large cell neuroendocrine carcinoma (LCNEC) present with
an extensive degree of necrosis, have more than ten mitoses
per 2 mm2 and are differentiated based on their appearance
to the pathologist (4, 5). 

Lack of randomized trials in the pulmonary NETs (TC and
AC) population makes treatment challenging. Surgery is the
mainstay of treatment in non-metastatic patients, with
excellent outcomes. TCs have a 5-year overall survival (OS)
rate of more than 90% post-surgery, while in AC, 5-year OS
approximates to 70% (6). Previously, all lung NETs were
treated like small cell lung cancer as there were no
established guidelines from neuroendocrine specialists/
societies. Now, there are four different guidelines, and they
all seem to disagree on recommendations for adjuvant
therapy for ACs, especially for locally-advanced disease (2).

To help understand the role of adjuvant chemotherapy in
TC and AC patients, we analyzed the National Cancer
Database (NCDB) from years 2004 to 2014. The impact of
adjuvant chemotherapy on OS based on pathological staging
and nodal status was studied. We also attempted to evaluate
if our data support the recommendations from various
guidelines. 
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Patients and Methods

The NCDB is a hospital-based cancer registry sponsored by the
American College of Surgeons and the American Cancer Society,
which represents approximately 70% of all newly diagnosed cancer
cases nationwide (7). Utilizing the NCDB participant user file, a
retrospective analysis was performed on patients diagnosed between
years 2004-2014. The histology codes for TC (8240) and AC (8249)
were based on the ICD-03/WHO 2008 classification. As the research
question was about adjuvant chemotherapy, the inclusion was limited
to patients with localized TC and AC. Patients with metastatic disease,
or patients who received neoadjuvant chemotherapy or had missing
information about staging or pathologic nodal status, were excluded.
Patients who had stage I, II and III disease as per the American Joint
Committee on Cancer (AJCC 6th and 7th edition) guidelines and
underwent surgical resection, were included. Other inclusion criteria
included primary cancer diagnosis and information about both nodal
status and adjuvant chemotherapy. Since we wanted to assess OS
benefit from adjuvant chemotherapy based on different stages and
nodal status, we further stratified the patient population by AJCC stages
(I, II, III) and nodal status (positive versus negative). The following
variables were utilized in the multivariable analyses to control for the
confounders: age, sex, race, Charlson/Deyo comorbidity score, tumor
type, treatment type, and the number of positive lymph nodes.  

Long-term survival was evaluated using the Kaplan-Meier method
with comparisons based on the log-rank test. Baseline characteristics
and outcomes were compared between the individual groups.
Statistical significance was indicated by p-values less than 0.05. 

The results from this NCDB retrospective review were then
compared to four established national guidelines to evaluate if the
results are in-line with one of the following guidelines: the National
Comprehensive Cancer Network (NCCN), North American
Neuroendocrine Tumor Society (NANETS), European Neuroendocrine
Tumor Society (ENETS) and European Society of Medical Oncology
(ESMO).

Results

Patients. The proportion of patients reported to NCDB with
a diagnosis of TC was 1.4%, and AC was 0.2% of all lung
malignancies diagnosed during the entire period. Reported
cases of TC rose from 1.3% in 2004 to 1.8% in 2014, while
reported cases of AC, increased from 0.1% in 2004 to 0.3%
in 2014. A similar increase in the incidence of pulmonary
carcinoids has been documented from the Surveillance,
Epidemiology, and End Results (SEER) database (8, 9).
Table I below shows the rise in the reported proportions of
TC and AC from years 2004 to 2014.

Baseline characteristics. A total of 6,673 TCs and ACs that
underwent surgery and had a reported pathological nodal
status were identified. Of these 5,880 (88.1%) were TCs and
793 (11.9%) were ACs. When we classified these patients
based on pathological nodal status, 5,654 (86.9%) patients
were pathologically node-negative, while 856 (13.1%) had
node-positive disease. Of the 6,673 patients who underwent
surgery, 6,477 (97%) were observed post-surgery, and 196
(3%) patients got adjuvant chemotherapy. Majority of the
patients who got adjuvant chemotherapy were node-positive
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Table I. Reported cases of TC and AC as a proportion of all NETs, NCDB 2004-2014. 

Incidence           2004            2005              2006            2007            2008             2009            2010            2011            2012            2013            2014

TC (%)                1.3               1.4                 1.4               1.5               1.5                1.5               1.6               1.5               1.6               1.6                1.8
AC (%)               0.1               0.1                 0.1               0.2               0.2                0.2               0.2               0.2               0.2               0.2                0.3

Table II. Baseline characteristics of pulmonary NET patients, NCDB
2004-2014.

Variable                               Node negative       Node positive     p-Value

Overall count (%)               5,654 (86.9%)        856 (13.1%)            
Age in years, 
median (range)                      60 (18-90)             57 (18-86)         <0.001

Gender                                                                                                0.092
   Male (%)                          1,689 (29.9%)        280 (32.7%)            
   Female (%)                       3,965 (70.1%)        576 (67.3%)            
Race                                                                                                   0.095
   White (%)                         5,126 (90.7%)        761 (88.9%)            
   Black (%)                            358 (6.3%)             71 (8.3%)              
   Other (%)                             170 (3%)              24 (2.8%)              
Histology                                                                                         <0.001
   TC (%)                             5,122 (90.6%)        605 (70.7%)            
   AC (%)                                532 (9.4%)           251 (29.3%)            
AJCC analytic stage                                                                       <0.001
   Stage I (%)                       5,127 (90.7%)          25 (2.9%)              
   Stage II (%)                        415 (7.3%)           486 (56.8%)            
   Stage III (%)                        112 (2%)            345 (40.3%)            
Chemotherapy                                                                                 <0.001
   None (%)                          5,617 (99.3%)        701 (81.9%)            
   Single-agent (%)                   7 (0.1%)                3 (0.4%)               
   Multi-agent (%)                   30 (0.5%)            152 (17.8%)            
Surgical approach                                                                           <0.001
   Lobectomy (%)                3,779 (66.8%)        649 (75.8%)            
   Sublobar (%)                    1,514 (26.8%)          81 (9.5%)              
   Pneumonectomy (%)          158 (2.8%)             79 (9.2%)              
   Other (%)                            203 (3.6%)             47 (5.5%)              
Charlson-Deyo score*                                                                       0.245
   0 (%)                                 3,775 (66.8%)        649 (75.8%)            
   1 (%)                                 1,462 (25.9%)        207 (24.2%)            
   2 (%)                                   417 (7.4%)             54 (6.3%)              

*Score predicting 1-year mortality for patients with comorbid
conditions.



patients, 155 (2.3%). The commonly performed surgeries
amongst pulmonary NET patients were lobectomy (66.9%),
sublobar resection (25.7%) and pneumonectomy (3.6%).
Baseline characteristics of the population are highlighted in
Table II below.  

Overall survival. A multivariable Cox proportional hazards
model was used to identify factors associated with long-term
survival. Overall survival was adjusted for gender, race,
comorbidities, disease stage, nodal status, treatment facility
type, and type of management (Table III). We found that in
the whole study population, patients who underwent surgery
alone had a better OS when compared to patients who
underwent surgery followed by adjuvant chemotherapy.
From a surgical standpoint, lobectomy was the most
commonly performed procedure and yielded a significantly
better outcome than pneumonectomy. Furthermore, male
patients did significantly better when compared to their
female counterparts. 

Using the Kaplan-Meier method, overall survival (OS)
was estimated for patients with pulmonary NETs, based on
nodal status and different stages. Patients who got adjuvant
chemotherapy post-surgery had significantly poor OS,
regardless of the nodal status or stage (Figure 1). However,
there were exceptions; patients with node-positive AC had
no significant OS difference whether they received adjuvant
chemotherapy or not (p=0.5019). When subgroup analysis
was done in different AJCC stages, adjuvant chemotherapy
did not affect survival in stage I (p=0.3078) and stage II
(p=0.2457) TC patients, along with stage II (p=0.3394) and
stage III (p=0.2412) AC patients. Stage III TC patients as
well as Stage I AC patients had worse survival with adjuvant
chemotherapy (p<0.01).

Discussion

NETs comprise 25% of all lung cancers, the most common
being SCLC (20%), followed by LCNEC (3%), TC (less
than 2%), and AC (0.2%)(10). TCs are more common than
AC, comprising almost 90% of well-differentiated

pulmonary NETs (10). However, there has been an increase
in the incidence of pulmonary NETs lately (11, 12). Dasari
et al. showed that the incidence of pulmonary carcinoids
increased from 1.2 per 100,000 persons in 2002 to 1.6 per
100,000 persons in 2012 (8). We observed a similar trend in
this NCDB retrospective analysis. This increase can be
attributed to the advancement in radiological techniques. 

Pulmonary NETs range from low-grade TC and
intermediate-grade AC to the high-grade small cell and large
cell neuroendocrine carcinoma (13, 14). It is crucial to make
a distinction between low and intermediate-grade pulmonary
NETs, given that they significantly differ in terms of
prognosis. Post-surgery, TC has a 10-year survival rate of
90%, while AC has a 10-year survival rate of 60% (15).
Additionally, patients with node-positive disease have inferior
OS when compared to patients with node-negative disease
(16, 17). In this retrospective analysis, node-negative patients
had a 5-year OS rate of 91% with surgery alone, while in the
node-positive group, the 5-year OS rate was 83%.

From a management standpoint, surgery remains the
mainstay of treatment for TCs and ACs. Fox et al. highlighted
the conventional surgical approaches used in pulmonary NET
patients, lobectomy (1,669; 51.2%) being the most common,
followed by sublobar resection with wedge resection or
segmentectomy (784; 24.1%), pneumonectomy, bronchoplasty
or extended resection (18). The most common surgical
approaches identified in our study were similar to what has
been demonstrated before; lobectomy, followed by sublobar
resection and pneumonectomy.

Management following surgery is controversial, and
guidelines tend to differ. North American Neuroendocrine
Tumor Society (NANETS) and European Society of Medical
Oncology (ESMO) guidelines do not provide
recommendations for or against adjuvant chemotherapy (19,
20). For stage I and II TC and AC patients, surgery alone is
recommended by the National Comprehensive Cancer Center
(NCCN) and the European Neuroendocrine Tumor Society
(ENETS) guidelines (21, 22). However, for stage III disease,
NCCN guidelines recommend surgery alone for TCs and
considering adjuvant cisplatin and etoposide with or without
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Table III. Adjusted multivariate analysis of pulmonary NET patients, comparing OS among patients, NCDB 2004-2014.

Dependent variable                                                                        Reference variable                                HR (95%CI)                                   p-Value

Surgery followed by adjuvant chemotherapy                                   Surgery alone                                 1.81 (1.17, 2.79)                                  0.008
AC                                                                                                                TC                                          1.87 (1.40, 2.50)                                <0.001
Node-positive                                                                                     Node-negative                                 1.12 (0.68, 1.85)                                  0.664
Female                                                                                                        Male                                        0.70 (0.54, 0.90)                                  0.006
Surgery (other)                                                                                     Lobectomy                                   2.81 (1.73, 4.56)                                <0.001
Pneumonectomy                                                                                   Lobectomy                                   2.76 (1.74, 4.37)                                <0.001
Sublobar resection                                                                                Lobectomy                                   1.37 (0.98, 1.91)                                  0.064
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Figure 1. Unadjusted overall survival curves of patients who underwent surgery alone versus surgery followed by adjuvant chemotherapy based on
different stages. (A) TC patients with stage I disease. (B) AC patients with stage I disease. (C) TC patients with stage II disease. (D) AC patients
with stage II disease. (E) TC patients with stage III disease. (F) AC patients with stage III disease.
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Figure 2. Unadjusted overall survival curves based on patients who underwent surgery alone versus surgery followed by adjuvant chemotherapy
based on nodal status. (A) Patients with node- negative disease (TC and AC combined). (B) Patients with node- positive disease (TC and AC
combined). (C) TC patients with node-negative disease. (D) AC patients with node- negative disease. (E) TC patients with node-positive disease.
(F) AC patients with node- positive disease.



radiation in ACs (19). On the other hand, ENETS
recommends considering adjuvant treatment in AC patients
with positive lymph nodes and no adjuvant therapy for TC
patients (20). In our analysis, patients with node-positive AC,
did not benefit significantly from adjuvant chemotherapy.

Table IV highlights essential differences that exist
amongst different guidelines based on different stages. The
table also highlights our NCDB retrospective analysis, which
is more in-line with the NCCN guidelines. For Stage I/II TC,
a total of 25 patients received adjuvant chemotherapy in
comparison to 4,425 patients treated with surgery alone, as
surgery is considered the standard of care. Therefore, results
are not significant for these groups. Similarly, the results for
AC stage II (p=0.34) and stage III (p=0.24) are not
significant, given the low number of patients.  

Retrospective studies have evaluated the benefit of
adjuvant chemotherapy in TC (from years 1998-2006) and
AC (from years 2006-2011) patients based on their nodal
status. In both TC and AC, it was concluded that adjuvant
chemotherapy does not confer any survival advantage (16,
17). Our results are similar to what has been demonstrated
in the past, as highlighted in Figure 2. An additional
benefit from adjuvant chemotherapy was not observed in
either node-negative or node-positive ACs or TCs.
Additionally, this NCDB analysis looked into the same
patient population in different AJCC stages, and no

difference in OS or a more inferior OS was found with the
addition of adjuvant chemotherapy.

Pulmonary NETs are a unique tumor type. In locally advanced
disease, somatostatin analogs (octreotide and lanreotide) have
demonstrated a progression-free survival (PFS) benefit (21, 22).
Also, a combination of octreotide and everolimus, a mTOR
inhibitor, has shown promising PFS benefit as well (23-25).
Recently approved peptide receptor radionucleotide therapy
(PRRT) has also shown a PFS advantage in metastatic
gastroenteropancreatic and lung NET patients (26, 27). Since
these therapies have shown promising results in advanced stage
pulmonary NETs, they may also have a role in the adjuvant
setting; however, no clinical trials are currently looking into that.

To date, this is the first retrospective study, which
evaluated the role of adjuvant chemotherapy in pulmonary
NET patients in different stages. However, this study has
several limitations. Firstly, it has the inherent limitations of
a retrospective study like misclassification bias. Despite the
standardized data reporting, like all database analyses, this
study could also be affected by the coding error. Secondly,
the reason for administering adjuvant chemotherapy was not
available, and therefore, a possibility of selection bias cannot
be excluded. Thirdly, due to the rarity of this disease, AC
cohort in this study was relatively small, which led to some
of the statistically insignificant results. Finally, details of
adjuvant therapy were not available in the database.
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Table IV. Review of the management of pulmonary neuroendocrine tumor based on different established guidelines.

AJCC               NCCN                   NANETS                    ENETS                      ESMO                 NCDB (2004-2014)                     Comments
staging                                                                                                                                                        outcomes

Stage I         TC – surgery      TC – no adjuvant        TC – surgery        TC – no adjuvant          TC – S vs. S+CT           Adjuvant CT did not lead 
                         alone              recommendations                alone               recommendations                5-year OS               to significant OS difference
                   AC – surgery      AC – no adjuvant        AC – surgery       AC – no adjuvant     92% vs. 92% (p=0.31)         in TC probably because 
                         alone              recommendations                alone               recommendations          AC – S vs. S+CT               very few patients got 
                                                                                                                                                                  5-year OS                  adjuvant CT, while it was
                                                                                                                                                       84% vs. 52% (p<0.01)    rather harmful in AC patients

Stage II       TC – surgery      TC – no adjuvant        TC – surgery        TC – no adjuvant          TC – S vs. S+CT             Non-significant p-value
                          alone              recommendations                alone               recommendations                5-year OS                     in TC and AC patient 
                   AC – surgery      AC – no adjuvant        AC – surgery       AC – no adjuvant    90% vs. 100% (p=0.25)      population, again because
                          alone              recommendations                alone               recommendations          AC – S vs. S+CT               of few patients in the 
                                                                                                                                                                 5-year OS                         adjuvant CT arm  

                                                                                                                                                        81% vs. 55% (p=0.34)                             

Stage III      TC – surgery      TC – no adjuvant        TC – surgery         TC – no adjuvant           TC – S vs. S+CT            For TC patients, adjuvant
                          alone              recommendations                alone               recommendations                5-year OS                      chemo is potentially
                   AC – surgery      AC – no adjuvant        AC – surgery        AC – no adjuvant     88% vs. 41% (p<0.01)                      harmful
                      +/– CT/RT         recommendations          followed by         recommendations          AC – S vs. S+CT            For AC patients, adjuvant 
                                                                                   chemotherapy for                                                  5-year OS                      chemotherapy led to
                                                                                     positive lymph                                         46% vs. 54% (p=0.24)                a trend towards 
                                                                                      nodes disease                                                                                           benefit in our study. 

S: Surgery; CT: chemotherapy; RT: radiation therapy.



In conclusion, pulmonary NETs are a rare set of tumors.
There is a paucity of randomized studies, which makes
treatment challenging. Surgery has been the mainstay of
treatment with no consensus on adjuvant therapy. We showed
that adjuvant chemotherapy does not add to OS, but is rather
associated with inferior OS in some cases. TC patients tend
to do better with surgery alone, even in higher stages and
node-positive disease. Similarly, in the early stage and node-
negative AC patients, adjuvant chemotherapy may be rather
harmful. In stage III and node-positive AC patients, adjuvant
chemotherapy may confer some OS benefit, but our results
were not statistically significant. In this era of personalized
cancer treatment, translational studies should be conducted
to understand the biological characteristics of these rare
tumors, contributing to differences in the outcomes. Such
studies may unveil molecular subgroups, which could benefit
from adjuvant treatment.
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