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The aim of this study was to assess the incidence, clinicopathologic characteristics, prognostic factors, and
treatment outcomes in lung large cell neuroendocrine carcinoma (LCNEC).

Patients diagnosed with lung LCNEC between 2000 and 2013 were identified using the Surveillance, Epidemiology,
and End-Results database. Kaplan—-Meier methods and univariate and multivariate analyses were used for sta-
tistical analysis.

A total of 2097 patients were identified. The total age-adjusted incidence rate of lung LCNEC was 0.3/100 000,
with a rise in incidence over the study period. The 5-year lung cancer-specific survival (LCSS) and overall sur-
vival (0S) were 20.7% and 16.7%, respectively. Multivariate analysis indicated that age >65 years, male sex,
advanced tumor stage, advanced nodal stage, not undergoing surgery. and not undergoing chemotherapy were
independent adverse indicators for survival outcomes. After stratification by tumor stage, undergoing surgery
was associated with more favorable LCSS and OS compared with those without surgery, regardless of tumor
stage.

LCNEC is a rare lung cancer subtype with a dismal prognosis. Primary surgical treatment has significant sur-
vival benefits, even for stage IV patients. The optimal treatment strategies for lung LCNEC require further
investigation.

Carcinoma, Non-Small-Cell Lung ¢ Epidemiologic Study Characteristics as Topic ¢ Survival Analysis

https://www.medscimonit.com/abstract/index/idArt/914541

%2081 E‘ZI4 MEIS %36

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Deng C. etal.:
Lung LCNEC — a SEER database analysis
© Med Sci Monit, 2019; 25: 3636-3646

Background

Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a rare,
highly aggressive lung cancer subtype, accounting for about 3%
of all lung cancers [1,2]. LCNEC was introduced as a lung cancer
classification in 1991, and is characterised by large cells with
a neuroendocrine appearance under light microscopy, a high
mitotic rate, a low nuclear-to-cytoplasmic ratio, abundant ne-
crosis, and frequent nucleoli. These pathologic characteristics
were used as standards for classification for lung LCNEC di-
agnosis by the World Health Organization (WHO) in 1999 [3].
The 2015 WHO standards have classified lung LCNEC, small cell
lung carcinoma (SCLC), atypical carcinoids, and typical carci-
noids together as neuroendocrine neoplasms [4].

Lung LCNEC has a poor survival outcome. Local recurrence and
distant metastasis are the main failure modes [5,6], and previ-
ous studies have shown a 5-year survival of 15-57% [5-8]; the
large difference in survival rates may be due to sample size in
these studies. Age, tumor size, cumulative tobacco consump-
tion, neuroendocrine marker, tumor stage, and nodal stage have
been found to be prognostic factors for lung LCNEC [5,7,9,10].
Surgical treatment is the primary treatment for stage I-1ll LCNEC
patients [6,7,11]; however, the LCNEC subtype has a higher risk
of tumor recurrence after surgery, even in stage | patients, and
prevention of tumor recurrence by adjuvant chemotherapy af-
ter surgery is important [12-15]. The optimal chemotherapy
regimen remains unclear in this population, as does the effect
of local treatment, including thoracic radiotherapy and prophy-
lactic cranial irradiation (PCl) [16-18].

Due to its low incidence and a lack of large randomized clinical
studies, prognostic factors and survival in lung LCNEC remain
controversial. The purpose of this study was to investigate the
clinicopathologic characteristics, prognostic factors, and treat-
ment outcomes in patients with lung LCNEC using data from
the Surveillance, Epidemiology, and End-Results (SEER) dataset.

Material and Methods

Patients

The National Cancer Institute SEER program is a cancer regis-
try that records data on cancer incidence, patient demograph-
ics, clinicopathologic details, first course of treatment, and
outcomes, covering approximately 28% of the United States
population. We obtained permission to access the dataset
(authorization code: 13425-Nov2017). We searched the SEER
database for patients diagnosed with lung LCNEC between
2000 and 2013 [19]. The histology of lung LCNEC is coded as
8013/3 in SEER, according to the International Classification
of Disease for Oncology, 3rd edition. Our study did not require
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Figure 1. Age-adjusted morbidity of lung large cell
neuroendocrine carcinoma from the surveillance,
epidemiology, and end-results database, 2000-2013.

approval from our institutional review board, as patient infor-
mation from the SEER dataset is anonymous.

Variables

The following variables were identified from the dataset: age
at diagnosis, race/ethnicity, grade, tumor stage, nodal stage,
surgical procedures, chemotherapy, radiotherapy, and marital
status. The primary outcomes were lung cancer-specific sur-
vival (LCSS) and overall survival (0S).

Statistical analysis

Age-specific incidence rates were evaluated using the US stan-
dard population for the year 2000, and were presented as per
100 000 person-years. The chi-square test or Fisher’s exact prob-
ability tests were used to compare patients’ demographic, clini-
copathologic, and treatment variables between treatment arms.
Survival curves and rates were estimated using the Kaplan-Meier
method and compared using log-rank test. Univariate and mul-
tivariate analyses were performed using the Cox proportional
hazards model. Multivariate Cox regression models were per-
formed using the backward Wald method. Statistical analyses
were performed using SPSS, version 22 (IBM Corporation, NY,
USA) and SEER*Stat software (version 8.3.5; http://seer.cancer.
gov/seer stat/). All P values were 2-sided, with P values less
than 0.05 considered statistically significant.

Results

Incidence rate

The total age-adjusted incidence rate for lung LCNEC was
0.3/100 000 for the period 2000-2013, and incidence in males
and females was 0.4/100 000 and 0.3/100 000, respectively.
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Table 1. Patient characteristics.

Variable n (%) No surgery (%) Surgery (%) P*
Age (years)
<65 1045 (49.8) 617 (48.8) 428 (51.4)
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.246
265 1052 (50.2) 648 (51.2) 404 (48.6)
Sex
Male 1155 (55.1) 710 (56.2) 445 (53.5)
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.243
Female 942 (44.9) 555 (43.9) 387 (46.5)
Race/ethnicity
White 1747 (83.3) 1040 (82.2) 707 (85.0)
Black 260 (12.4) 169 (13.4) 91 (10.9) 0.226
Other 90 (4.3) 56 (4.4) 34 (4.1)

Married 1130 (53.9) 650 (51.4) 480 (57.7)
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Table 1 continued. Patient characteristics.
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Variable n (%)
Grade

”””” Wel differentiated 7 (03)
”””” Moderately differentiated 32 (15)
”””” Poorly differentiated 756 (361)
”””” Undifferentiated 248 (118)
”””” Unknown 1054 (503)
Chemotherpy
”””” N 1140 (a4

Yes 957 (45.6)
Radiotherapy
”””” N 120 (591

Yes 857(40.9)

No surgery (%) Surgery (%) P*

5 (0.4) 2 (0.2)
10 (0.8) 22 (2.6)

323 (25.5) 433 (52.0) <0.001
119 (9.4) 129 (15.5)
808 (63.9) 246 (29.6)
438 (34.6) 519 (62.4)
827 (65.4) 313 (37.6)
574 (45.4) 666 (80.0)
691 (54.6) 166 (20.0)

N - nodal; T - tumor. * Indicates chi-square test or Fisher’s exact
arms.

probability tests to compare the patient characteristics by treatment
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Figure 2. Survival outcomes of patients with lung large cell neuroendocrine carcinoma by tumor stage (A — lung cancer-specific

survival; B — overall survival).

Incidence increased during the study period (Figure 1), and
only 2 patients were diagnosed in 2000. A total of 105 and
232 patients were diagnosed in 2001 and 2013, respectively.

Patient characteristics
A total of 2097 patients were identified. The median age

was 65 years (range, 18-94 years). Most patients were male
(n=1155, 55.1%), white (n=1747, 83.3%), married (n=1130,
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53.9%), poorly/undifferentiated tumors (n=1004, 47.9%), and
stage IlI-1V disease (n=1140, 54.3%) (Table 1).

Treatment

Across the entire cohort, most patients received surgical treat-
ment (n=832, 60.3%). The percentages of patients receiving
surgery at stage I, I, Ill, and IV disease were 88.7%, 88.3%,
32.6%, and 8.4%, respectively. Married patients and those at
early tumor and nodal stage were more likely to receive surgical
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Table 2. Univariate and multivariate Cox proportional hazard regression analyses of prognostic analyses for lung cancer-specific
survival of lung large cell neuroendocrine carcinoma patients.

Univariate Multivariate
Variables

HR (95% CI)

Age (years)

<65 1 1
S 1170 (1060-1292) 0002 1098 (0993-1214) 0069
Csex
"""" Male 1
 Female 0854 (0773-0943) 0002 0906 (0819-100) 0053
CRacefethnicity
"""" Whitt L
"""" Back  1084(0935-1259) o028 - -
"""" Other 1008413 oz - -

Married 1 =
"""" Singles  10e3(091-1175) 0237 - -
"""" Unknown  osj0(e4r-1171) o038 - -
CTstage
o
o 1276 (1103-1476) o001 1404 (1193-1652) <0001
T 1751 (1373-2239) <0001 1807 (1397-2338) <0001
R 2677 (231131000 <0001 1697 (1428-2016) <0001
B 1732 (1501-1.999) <0001 1146 0922-1424) 0220
INstage
"""" No
o 1612(1335-1.946) <0001 1743 (1423-2136) <0001
o 2254(1992-2551) <0001 1561 (1343-1815) <0001
T 3242 (2759-3811) <0001 2004 (1659-2420)  <0.001
o 1725 (1511-1.969) <0001 1683 (1354-2092) <0001
Cstage
"""" e e
0 20230539-2661) <0001  1875(1336-2630) <0001
Cow 2837(2350-3426) <0001  1429(1099-1857) 0.080
v 6181(5239-7293) <0001 2916(304-3689) <0001
 Unknown  2087(492-3581) <0001  1790(1.277-2508) 0001
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Table 2 continued. Univariate and multivariate Cox proportional hazard regression analyses of prognostic analyses for lung cancer-
specific survival of lung large cell neuroendocrine carcinoma patients.

Univariate Multivariate
Variables
HR (95% CI)

Yes 0.662 (0.599-0.732) <0.001 0.946 (0.847-1.057) 0.326

Cl — confidence interval; HR — hazard ratio; N — nodal; T — tumor.

Table 3. Univariate and multivariate Cox proportional hazard regression analyses of prognostic analyses for overall survival of lung
large-cell neuroendocrine carcinoma patients.

Univariate Multivariate

Variables

Age (years)

<65 1 1
s 1245 (1134-1.366) <0001 1162 (L057-1.278) 0002
Csex
"""" Mae 1
 Female 0842(0767-0925) <0001 0879 (0.800-0966) 0008
CRacefethnicity
"""" White 1o
"""" Back  1067(0927-1229) 0366 - -
"""" Other  1068(0853-1337) 0S8 - -

Married 1 -
Singles 1.071 (0.974-1.177) 0.157 = =
Unknown 0.919 (0.699-1.209) 0.547 - -
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Table 3 continued. Univariate and multivariate Cox proportional hazard regression analyses of prognostic analyses for overall survival
of lung large-cell neuroendocrine carcinoma patients.

Univariate Multivariate
Variables

Yes 0.696 (0.634-0.765) <0.001 0.965 (0.868-1.073) 0.506

Cl — confidence interval; HR — hazard ratio; N — nodal; T — tumor.
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Table 4. Adjusted hazard ratio for the effect of surgery on lung cancer-specific survival and overall survival of lung large cell

neuroendocrine carcinoma patients by tumor stage.

Variables

0.440 (0.331-0.587)

Surgery

0.456 (0.346-0.600)

Cl — confidence interval; HR — hazard ratio; LCSS — lung cancer-specific survival; OS — overall survival.

treatment (Table 1). A total of 1140 (54.4%) patients received
chemotherapy, with the percentages receiving chemotherapy
at stages |, Il, Ill, and IV disease 23.8%, 62.2%, 71.5%, and
65.4%, respectively. In addition, 40.9% of patients received
radiotherapy, with 11.3%, 26.1%, 54.7%, and 52.5% receiv-
ing radiotherapy at stages |, Il, lll, and IV disease, respectively.

Prognostic analysis

The median follow-up time of these patients was 24.4 months
(range, 1-179 months). Five-year LCSS and OS were 20.7% and
16.7%, respectively, with a median LCSS and OS of 12 months
and 11 months, respectively. Five-year LCSS was 53.8%, 28.8%,
16.6%, and 3.2% (P<0.001; Figure 2A) and 5-year OS was 43.9%,
24.1%, 12.7%, and 2.6% (P<0.001; Figure 2B) in stages |, I, Ill,
and IV disease, respectively. The median LCSS was 84, 20, 16,
and 6 months in patients with stages I, I, lll, and IV disease,
respectively. In addition, the median OS was 44, 19, 14, and
6 months in stages |, I, Ill, and IV disease, respectively.

In univariate analysis, aged >65 years, male sex, advanced tu-
mor and nodal stage, not undergoing surgery, not undergo-
ing radiotherapy, and not undergoing chemotherapy were as-
sociated with poor LCSS and OS (Tables 2, 3). The results of
multivariate analysis indicated that advanced tumor stage,
advanced nodal stage, not undergoing surgery, and not un-
dergoing chemotherapy were independent adverse indicators
of LCSS and OS (Tables 2, 3). In addition, patients aged >65
years and male sex were also the independent adverse indi-
cators related to OS.

Subgroup analysis

We further analyzed the effect of surgery at different cancer
stages, adjusted by age at diagnosis, race/ethnicity, grade,
tumor stage, nodal stage, chemotherapy radiotherapy, and
marital status. We found that undergoing surgery was inde-
pendently related to longer LCSS and OS, compared with not
undergoing surgery, regardless of tumor stage. Patients with
stage IV disease who had surgery also had longer LCSS (haz-
ard ratio [HR] 0.440, 95% confidence interval [CI] 0.331-0.587,
P<0.001) and OS (HR 0.456, 95% Cl 0.346-0.600, P<0.001)
than those not treated with surgery (Table 4) (Figure 3A-3D).

Discussion

For this study, we used a population-based approach to as-
sess the clinicopathologic characteristics and prognosis of lung
LCNEC patients and investigate their survival outcomes accord-
ing to stage and treatment strategy. Our study indicates that
although lung LCNEC subtype is related to a dismal prognosis,
surgery can improve outcomes, even in patients with stage IV
disease. However, the effect of radiotherapy in this popula-
tion remains unclear.

The incidence rate of lung LCNEC increased during the study
period, a similar finding to those of Derks et al. [20] and
Varlotto et al. [21]. In our study, only 2 patients were diagnosed
in 2000, and the incidence of lung LCNEC was significantly in-
creased in 2001 and gradually increased over subsequent years.
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Figure 3. Survival outcomes of patients with surgery and without surgery in lung large cell neuroendocrine carcinoma patients (lung
cancer-specific survival: A — stage I-IIl; C — stage IV. Overall survival: B — stage I-Il; D — stage IV).

The reason for this increasing incidence of lung LCNEC is un-
known, although a growing awareness of lung LCNEC may be
the main reason for the perceived increase in incidence. In ad-
dition, the fact that pathologists began using the histologic di-
agnostic designation for lung LCNEC more often than before
may be another potential reason for the increasing incidence
of lung LCNEC after 2001.

Similar to results for non-small cell lung carcinoma (NSCLC),
the optimal local treatment for stage I-Ill operable lung LCNEC
was surgery. However, survival of lung LCNEC was significantly
poorer than for NSCLC [5-9]. Patients treated with surgery had
better survival outcomes than those who did not receive sur-
gical treatment, regardless of tumor stage. Our findings raise
the question of whether surgical treatment is necessary for
this subtype at advanced stage.

Currently, systemic therapy remains the main treatment in
stage IV disease. However, stage IV lung cancer is a group with
highly heterogeneity. A study by Shin et al. [22] showed a sig-
nificant difference in median survival time in patients with var-
ious metastatic (M) stages, with median survival times of 22.5
months, 17.8 months, and 13.6 months in patients with M1a,
M1b, and M1c disease, respectively (P<0.001), indicating that
treatment strategies may differ depending on M stage. Although

This work is licensed under Creative Common Attribution-
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the role of surgery in stage IV disease remains controversial,
there have been several retrospective studies suggesting that
the addition of surgery in selected NSCLC patients improves
survival outcomes, especially for patients with small tumor
burden and oligometastasis [23-28]. A prospective random-
ized clinical trial has shown that in stage IV disease, patients
with less than 3 metastatic lesions who received first-line sys-
temic therapy, surgical treatment, or local radiotherapy had
significantly longer progression-free survival (PFS) compared
with patients treated with maintenance therapy (11.9 months
vs. 3.9 months, P=0.005) [29]. We also found in our study that
surgical treatment is an important part of comprehensive treat-
ment in stage IV lung LCNEC. However, which subgroups can
benefit from local treatment needs further investigation [30].

Several previous studies have found a higher risk of tumor re-
currence after surgery in lung LCNEC than in the NSCLC subtype,
even in stage | patients [7-9,31], and that adjuvant chemother-
apy is also associated with better survival outcomes in this dis-
ease [13-15]. Our study also demonstrated better outcomes for
patients who received chemotherapy. However, the standard
chemotherapy regimen in lung LCNEC remains controversial,
and the use of different chemotherapy regimens can result in
different outcomes. Whether the chemotherapy regimen for
lung LCECC should refer to the regimens for NSCLC or SCLC is

[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]



Deng C. etal.:
Lung LCNEC — a SEER database analysis
© Med Sci Monit, 2019; 25: 3636-3646

unclear. A prior study from Varlotto et al. [21] showed similar-
ities in the clinical and pathologic features of lung LCNEC and
large cell lung cancer, and they recommended a similar che-
motherapy regimen for lung LCNEC to that of NSCLC. However,
other studies have recommended that the chemotherapy reg-
imens for SCLC are more appropriate to the lung LCNEC sub-
type [32-34]. A retrospective study by Sun et al. [35] compared
the clinical effects of NSCLC and SCLC chemotherapy regimens
used in advanced-stage lung LCNEC, finding that SCLC chemo-
therapy regimens are more suitable for lung LCNEC patients,
although the difference was not statistically significant.

Due to a lack of prospective reports, the role of thoracic radio-
therapy in lung LCNEC is also unclear. A study by Arsela et al. [16]
of stage lll-1V inoperable patients treated with cisplatin — eto-
poside-based chemotherapy with/without thoracic radiother-
apy and PCl indicated that patients receiving thoracic radio-
therapy had longer PFS (12.5 months vs. 5 months, P=0.02)
and median OS time (28.3 months vs. 5 months, P=0.004) than
those without thoracic radiotherapy. Metro et al. [36] found
that prognosis was worse for patients with advanced inoper-
able lung LCNEC than that of SCLC patients, even after che-
motherapy and thoracic radiotherapy. Our study showed that
undergoing radiotherapy was not an independent prognostic
factor in lung LCNEC patients, suggesting that the role of tho-
racic radiotherapy and PCl in lung LCNEC patients needs fur-
ther investigation.

Several notable limitations in this study should be acknowl!-
edged. First, there is inherent bias in any retrospective study.
Second, the reasons for the choice of different treatment strat-
egies for patients were unknown. Therefore, several confound-
ing factors cannot be ruled out. Third, the SEER program does
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not include detailed information about chemotherapy or ra-
diotherapy, or the sequence of surgery and chemotherapy.
Moreover, it has been shown that there are high rates of un-
der-reporting for receipt of chemotherapy and radiotherapy
in the SEER program. In addition, the decision-making re-
garding surgical treatment in stage IV patients was unclear.
It was hypothesized that patients undergoing surgical treat-
ment had a better starting point (by being operable) at time
of diagnosis, and that patients who had not undergone sur-
gery were inoperable in the first place, so their tumor charac-
teristics were worse or their fitness and status did not permit
surgery. Finally, patterns of tumor recurrence and treatment
history after disease recurrence were not recorded in the SEER
database. The primary strength of our study is that it involves
one of the largest population-based cohorts of patients with
lung LCNEC, spanning 18 US registries, which allowed us to
minimize the selection and surveillance biases observed with
single institutions.

Conclusions

LCNEC is a rare lung cancer subtype with a dismal prognosis
and increased incidence in recent years. The primary surgery
may be associated with better outcomes in stage IV disease.
More studies are needed to investigate the optimal treatment
strategy for LCNEC.
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