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Abstract: Background and Objectives: Large cell neuroendocrine cancer is characterised by poor
prognosis. The standard of treatment is still not established. The aim of this study was to assess
the predictive factors of overall survival (OS) and progression-free survival (PFS) of pulmonary
large cell neuroendocrine carcinoma (LCNEC) and combined LCNEC. Materials and Methods: All
patients had confirmed pathology stage I-IV disease recorded between period 2002–2018. Survival
curves were estimated by Kaplan–Meier method. Uni- and multivariable analysis was conducted
using Cox-regression analysis. Results: A total of 132 patients with LCNEC and combined LCNEC
were included. Half of them had clinical stage IIIB/C-IV. Patients were treated with radical (n = 67,
including surgery alone; resection with neo-adjuvant or adjuvant chemotherapy, radiochemotherapy,
or adjuvant radiotherapy; patients treated with radiochemotherapy alone), palliative (n = 41) or
symptomatic (n = 24) intention. Seventeen patients were treated with resection margin R1 or R2. Non-
small cell carcinoma (NSCLC) chemotherapy (platinum-vinorelbine; PN schedule) and small-cell lung
carcinoma (SCLC) chemotherapy approaches (platinum/carboplatinum-etoposide; PE/KE schedule)
were administered in 20 and in 55 patients, respectively. The median (95% Confidence Interval (CI))
OS and PFS were 17 months (9.0–36.2 months) and 7 months (3.0–15.0 months), respectively. Patients
treated with negative resection margin, with lower clinical stage, without lymph node metastasis, and
with size of primary tumour ≤4 cm showed significantly better OS and PFS. The main risk factors
with an adverse effect on survival were advanced CS and positive resection margin. Conclusions:
Patients with LCNEC characterized poor prognosis. Independent prognostic factors influencing PFS
were initial clinical stage and resection margin R0 vs. R1-2.

Keywords: pulmonary large cell neuroendocrine cancer; overall survival; progression-free survival

1. Introduction

Neuroendocrine tumours of the lung are a diverse group of malignant neoplasms in
terms of morphology, clinical characteristics, and etiology and represent 20% of all lung can-
cers [1]. According to WHO classification (2015), four main types are distinguished—typical
carcinoids, atypical carcinoids (low-grade tumours), small-cell lung carcinoma (SCLC), and
large-cell neuroendocrine carcinoma (LCNEC)—all of which represent a group of high-grade
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malignant tumours. The current WHO classification defines LCNEC as morphologically
non-small cell carcinoma (NSCLC) with histopathological features of neuroendocrine cancer
and immunohistochemical expression of neuroendocrine markers. In addition, a subgroup
of LCNEC has been distinguished and is defined as LCNEC with components of adenocar-
cinoma, squamous cell carcinoma, or spindle cell carcinoma, and/or giant-cell carcinoma.
Clinical LCNEC behaves biologically aggressively, similarly to SCLC [2,3].

Pulmonary LCNECs are rare tumours of the lung and the incidence appears to be
approximately 3% of all lung cancers [4]. The survival prognosis in terms of overall survival
(OS) and progression-free survival (PFS) is poor, similar to SCLC. Both, present a high rate
of lymph node involvement (60–80%) and presence of distant metastasis (40%) at the initial
diagnosis [5]. Five-year survival rates range from 15% to 57% for patients with LCNEC and
30% for patients with combined LCNEC [4–7]. The poor prognosis is seen even in patients
with potentially resectable stage I disease in whom 5-year survival is noted between 27%
and 67% of subjects. High incidence of recurrence after radical surgery is observed and
develops within the first 2 years of follow-up [8–10]. LCNEC, like SCLC, is often correlated
with male sex, older age (median 65 years), and heavy smoking habits [5].

There is a lack of prospective randomized trials regarding pulmonary LCNEC due to
its rarity and difficulties in the initial diagnosis. Standard of treatment of LCNEC is still not
established and data are based primarily on retrospective analysis. The basic method of
treatment of LCNEC patients at early stages is radical surgery (most frequently lobectomy
and less frequently pneumonectomy with mediastinal lymph node dissection). The criteria
of patient’s qualification to surgery treatment and neoadjuvant chemotherapy are the
same as NSCLC. The schedule of chemotherapy is still not established, independently of
clinical stage of LCNEC. Patients are treated according to small-cell lung cancer (SCLC)
schedule of treatment: platinum-based + etoposide, or for NSCLC, platinum + gemcitabine
vs. vinorelbine vs. paclitaxel. Although the optimal schedule of adjuvant chemotherapy
has not been defined yet, it seems to be beneficial and rational to use in each case of
LCNEC [8,11]. Neoadjuvant platinum-based regimens may be an option for patients
potentially with initially resectable tumours [12].

The aim of this retrospective study was to estimate the survival in terms of PFS and OS
of patients with pulmonary large-cell neuroendocrine carcinoma (LCNEC) and combined
LCNEC and identify prognostic factors for OS and PFS in this group of rare lung cancers.

2. Materials and Methods
2.1. Data Sources

All patients with a pathological diagnosis of stage I-IV large cell neuroendocrine lung
cancer (LCNEC) and combined LCNEC, recorded in 3 oncological centres located in central
and northeastern regions of Poland between 1 January 2002 and 31 December 2018 were
included. Patients included in the analysis met the criteria in Table 1. Analyzed group of
patients received radical, palliative, or only symptomatic treatment.

Table 1. Inclusion criteria.

Inclusion Criteria:

1. ≥18 years old
2. Caucasian race
3. LCNEC or combined type LCNEC diagnosis

4. The stage of cancer development was determined using UICC TNM classification of Malignant
Tumors—8th Edition

5. Diagnosis in clinical stage I-IV
6. Patients without prior treatment
7. Patients with generalized, unresectable of LCNEC before, during and after palliative treatment
8. Patients with generalized, unresectable LCNEC treated only symptomatically

9. Patients with locally advanced, unresectable LCNEC, combined LCNEC before, during and after
radical treatment

10. Patients with locally advanced, resectable LCNEC, combined LCNEC before, during and after treatment
independently on type of treatment



Medicina 2021, 57, 118 3 of 13

All 132 patients received their diagnosis of cancer based on histopathological exam-
ination of tumour sample obtained during core needle biopsy, mediastinoscopy, wedge
resection, radical surgery with intention to treat (ITT), or non-radical surgery, as well as
tumour sampling or lymph nodes resection. The immunohistochemical methods were
used in accordance with WHO recommendations.

The clinical stage of disease was determined using UICC (The Union for International
Cancer Control) TNM (T—tumour, N—nodes, M—metastasis) classification of Malignant
Tumors—8th edition [13]. The degree of pathological stage of disease (pTNM) was assessed
in 60 patients who had surgery with ITT, which was in 45% of subjects in the total popula-
tion. The degree of clinical stage (cTNM) was assessed in 72 patients (55%) based on the
imaging examinations (including PET, CT, MRI, and bone scintigraphy) and tumour biopsy,
including endobronchial ultrasound (EBUS) or mediastinoscopy or peripheral lymph node
excisional biopsy. The clinical stage (cTNM) was used in case if patients were disqualified
from radical surgery due to advanced disease, contraindications to surgery, or concomitant
severe other disease, or no patient consent for treatment.

The analysis was retrospective. The data were collected by medical records, hospital
databases and registry office and supplemented by interviews with patients, their families,
and the attending physician.

The study was conducted in accordance with the Declaration of Helsinki. On 12 April
2018, the protocol was approved by the Ethics Committee of the University of Warmia and
Mazury in Olsztyn (12/2018).

2.2. Statistical Analysis

Survival probabilities were estimated by Kaplan–Meier method, and differences
in survival were compared by the log-rank test. Uni- and multivariable predictors of
overall mortality were estimated through Cox-regression analysis. Univariate variables
with p-value <0.1 were included in the multivariable model. Overall survival (OS) was
defined as the time from histopathological diagnosis till death from any cause or last
follow-up censored. Progression-free survival (PFS) was calculated from the date of
beginning treatment until the first evidence of progression, death, or last day of follow-up.
A p-value of < 0.05 was considered to be significant. The analysis was conducted using
TIBCO Software Inc. (2017). Statistica (data analysis software system), version 13 (StatSoft,
Krakow, Poland). http://statistica.io.

3. Results
3.1. Characteristic of Patients

A total of 132 patients with LCNEC (n = 124) and combined LCNEC (n = 8) were
included in the analysis. Between 2002 and 2018, patients were treated with radical,
palliative, or symptomatic intension, in central and northeastern centres in Poland. The
follow-up ranged from 0 to 192 months. The mean age of patients was 64.1 and standard
deviation (SD) 9.1 years (range: 36–86 years). The group of patients consisted of 47 women
(36%) and 85 men (64%). The ratio of women to men was 1:1.81. Half of the patients
were in IIIB/C-IV clinical stage, Ki67 > 55, and most patients (71%) had lymph node
metastasis and size of tumour >4 cm (62%). The mean size of tumour was 52.2 mm (SD 26.5;
range 7–136 mm). Radical treatment was administrated in 51% of patients, including
surgery alone (45%), resection with neo- or adjuvant chemotherapy, radiochemotherapy or
adjuvant radiotherapy (45%), or radiochemotherapy (10%). In seventeen patients (28% of
patients underwent resection) non-radical surgery R1-2 (positive margin) was observed.
NSCLC chemotherapy (platinum-vinorelbine; PN schedule) and SCLC chemotherapy
(platinum/carboplatinum-etoposide; PE/KE schedule) was administered in 26% and in
71.4% of patients, respectively (Table 2).

http://statistica.io
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Table 2. Characteristic of patients.

All N = 132 %

Age [years] (range: 36–86, mean 64.1 ± 9.1)
≤64 66 50
>64 66 50

Gender
women 47 36

men 85 64

Histopathology
LCNEC 124 94

combined LCNEC 8 6

Clinical stage
I 22 17
II 19 14

IIIA 22 17
IIIB 13 10
IIIC 3 2
IV 53 40

Lymph nodes status
N0 38 29
N1 17 13
N2 56 42
N3 21 16

Ki67
≤55 31 23
>55 71 54

no data 30 23

Localization
left lung 60 45

right lung 72 55

Intention to treat
radical treatment 67 51

palliative treatment 41 31
symptomatic treatment 24 18

Type of radical treatment
alone surgery 30 45

surgery with neo- or adjuvant chemotherapy or
radiochemotherapy or with adjuvant alone radiotherapy 30 45

radiochemotherapy 7 10

Radicality of surgical resection
R0 43 72

R1-2 17 28

Type of palliative treatment
resection and palliative chemotherapy 3 7

palliative chemotherapy 38 93

Size of tumour [mm] (range: 7–136, mean 52.2 ± 26.5)
≤4 cm 50 38
>4 cm 82 62
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Table 2. Cont.

All N = 132 %

Size of tumour
≤3 cm 34 26

>3–5 cm 38 29
>5–7 cm 30 22.5

>7 cm 30 22.5

Type of chemotherapy
SCLC—chemotherapy 55 71.4

NSCLC—chemotherapy 20 26
other 2 2.6

±standard deviation. LCNEC—large-cell neuroendocrine lung cancer; combined LCNEC is LCNEC with components of adenocarcinoma,
squamous cell carcinoma, or spindle cell carcinoma, and/or giant cell carcinoma. N0—no lymph node metastasis; N1—metastasis in
ipsilateral peribronchial and/or hilar lymph nodes and intrapulmonary nodes; N2—metastasis in ipsilateral mediastinal and/or subcarinal
lymph node(s); N3—metastasis in contralateral mediastinal or hilar, ipsilateral/contralateral scalene/supraclavicular lymph node(s).
Ki67—a proliferation marker to measure the growth fraction of cells in human tumours. R0—negative margin, no tumour at the margin;
R1—microscopic positive margin, tumour identified microscopically at the margin; R2—macroscopic positive margin, tumour identified
grossly at the margin. SCLC (small-cell lung cancer)—type chemotherapy (platinum/carboplatinum-etoposide; PE/KE schedule); NSCLC
(non-small-cell lung cancer)—type chemotherapy (platinum-vinorelbine; PN schedule).

3.2. Comparison of Outcome

Nintey-seven patients died during the follow-up period. Five-year OS for all patients
was 19%. The median overall survival (mOS) was 17 months (95% Confidence Interval (CI):
9.0–36.2 months; Figure 1A). Progression during the observation interval was documented
in 107 cases. The median progression-free survival (mPFS) was 7 months (95% CI: 3.0–15.0
months), and 13% of patients survived 5 years without progression (Figure 1B).
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Figure 1. (A) Overall survival (OS) of all patients. (B) Progression-free survival (PFS) of all patients.

Patients treated with radical intension, R0 resection margin, with lower clinical stage
(CS), lymph node-negative, and size of tumour ≤4 cm showed significantly better survival
prognosis (OS and PFS) (p < 0.05). Five-year PFS for patients with R0 vs. R1-2 resection
margin was 40% vs. 7%. The median PFS (mPFS) was 31 months (95% CI: 7.0—not reached
months) and 9 months (95% CI: 3.0–18.7 months) for R0 vs. R1-2, respectively (p = 0.02).
According to clinical stage, 5-year OS was 63%, 25%, and 18% respectively for I, II, and III
CS, and 5-year PFS was 49% and 8% for I and III CS. The mOS was 105 months (95% CI:
25.6—not reached months) for stage I, 28 months (95% CI: 14.5–53.9 months) for stage II,
23 months (95% CI: 12.4–39.8 months) for stage III, and 8 months (95% CI: 3.0–16.0 months)
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for stage IV, whereas mPFS was 54 months (95% CI: 6.0-not reached months), 27 months
(95% CI: 8.5–40.5 months), 9 months (95% CI: 5.0–17.2 months), and 3 months (95% CI:
0.0–7.0 months), respectively, for I, II, III, and IV CS (p < 0.001). Patients with N0 status
survived longer time without progression, such that mPFS was 42 months (95% CI: 7.0-
not reached) for N0 patients compared to lymph node metastasis patients with mPFS of
5 months (95% CI: 1.3–10.6 months). The mOS was 13 months (95% CI: 7.0–25.8 months)
and 64 months (95% CI: 21.9-not-reached) for N+ vs. N−, respectively (p < 0.001). Patients
with tumour ≤4 cm had significantly better prognosis than patients who received therapy
on tumour >4 cm (respectively: 29 months mOS (95% CI: 14.9–81.7 months) vs. 13 months
mOS (95% CI: 6.4–28.0) and 10 months mPFS (95% CI: 5.0–46.1 months) vs. 5 months mPFS
(95% CI: 1.3–12.0 months; Table 3).

Table 3. Differences in overall survival and progression-free survival of LCNEC cancer patients due to prognostic factors.

Overall Survval (OS) Progression-Free Survival (PFS)

Variables 5-Year
(%)

Median OS (95%
CI Months)

Log-Rank
Test

5-Year
(%)

Median PFS (95%
CI Months)

Log-Rank
Test

All 19 17 (9.0–36.2) p 13 7 (3.0–15.0) p

Age
≤64 25 19 (10.0–52.5)

0.11
18 7 (4.0–25.2)

0.16>64 12 17 (7.0–28.7) 5 6 (0.5–12.0)

Gender
women 24 22 (9.3–51.8)

0.29
13 12 (3.0–28.1)

0.33men 17 16 (7.0–33.1) 15 6 (3.0–12.0)

Clinical stage

I 63 105 (25.6–not
reached)

<0.001 *

49 54 (6.0-not
reached)

<0.001 **
II 25 28 (14.5–53.9) - 27 (8.5–40.5)

IIIA 21 31 (15.6–51.6) 14 12 (6.0–21.0)
IIIB 15 19 (11.0–30.2) - 6 (4.0–12.6)
IIIC - 13 (9.0–16.0) - 5 (4.0–6.0)
IV - 8 (3.0–16.0) - 3 (0.0–7.0)

Lymph nodes
status

N0 54 64 (21.9–not
reached)

<0.001 #

41 42 (7.0-not
reached)

<0.001 ##N1 9 23 (14.0–36.8) 12 11 (6.3–24.3)
N2 6 13 (6.9–28.4) - 4 (0.0–10.0)
N3 - 9 (3.3–16.0) - 3 (0.0–6.0)

Lymph nodes
status

N+ 6 13 (7.0–25.8)
<0.001

3 5 (1.3–10.6)
<0.001

N− 54 64 (21.9–not
reached) 41 42 (7.0-not

reached)

Ki67
≤55 22 22 (11.2–51.6)

0.56
21 10 (3.8–38.5)

0.66>55 22 18 (7.0–48.5) 16 7 (3.0–28.2)

Localization
left lung 18 22 (13.0–43.7)

0.13
12 9 (5.0–17.0)

0.26right lung 20 15 (7.0–36.3) 15 4 (2.0–13.0)

Intention to treat
radical treatment 39 48 (19.0–87.5)

<0.001 ˆ
26 16 (6.0–59.0)

<0.001 ˆˆpalliative treatment - 12 (9.0–17.0) - 4 (3.0–9.1)
symptomatic treatment - 3 (1.0–7.0) - 0 (0.0–3.0)
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Table 3. Cont.

Overall Survval (OS) Progression-Free Survival (PFS)

Variables 5-Year
(%)

Median OS (95%
CI Months)

Log-Rank
Test

5-Year
(%)

Median PFS (95%
CI Months)

Log-Rank
Test

Type of
radical treatment

Surgery alone 23 37 (14.2–54.0)
0.35

22 11 (4.5–47.9)
Surgery with neo-or

adjuvant chemotherapy
or radiochemotherapy or

with alone adjuvant
radiotherapy

45 48 (17.2–59.2) 29 17
(8.6-not
reached) 0.28

Radiochemotherapy

Surgery alone 23 37 (14.2–54.0)
0.26

22 11 (4.5–47.9)
Surgery with neo-or

adjuvant chemotherapy
or radiochemotherapy or

with adjuvant
radiotherapy alone

46 58 (22.1–not
reached) 36 31 (9.0-not

reached) 0.16

Surgery alone 23 37 (14.2–54.0)
0.87

22 11 (4.5–47.9)
0.69Radiochemotherapy 36 35 (16.8–44.9) - 10 (5.5–21.8)

Radicality of surgical resection

R0 47 58 (22.0–not
reached) 0.09

40 31 (7.0-not
reached) 0.02

R1-2 15 27 (11.8–39.3) 7 9 (3.0–18.7)

Type of palliative treatment
Resection and

palliative chemotherapy - 6 (6.0–22.0)
0.94

- 13 (2.0–13.0)
0.50

Palliative chemotherapy - 12 (9.0–17.0) - 4 (3.0–9.0)

Size of tumour
≤4 cm 30 29 (14.9–81.7)

<0.001
22 10 (5.0–46.1)

0.002>4 cm 12 13 (6.4–28.0) 8 5 (1.3–12.0)

Size of tumour

≤3 cm 36 48 (16.1–not
reached)

<0.001 §

24 11 (6.0–52.0)

<0.001 §§>3–5 cm 16 19 (7.3–36.8) 13 9 (3.0–18.4)
>5–7 cm 19 16 (6.4–31.2) 13 7 (1.0–15.6)

>7 cm 6 12 (3.5–17.0) - 4 (0.0–8.4)

Type
of chemotherapy

SCLC—chemotherapy 22 21 (11.4–40.6)
0.93

13 9 (4.0–16.3)
0.86

NSCLC—chemotherapy 27 17 (12.0–not
reached) 16 9 (4.0–10.7)

* I vs. II (p = 0.02); I vs. IIIA (p = 0.02); I vs. IIIB (p = 0.003); I vs. IIIC (p = 0.01); I vs. IV (p < 0.001); II vs. IIIA (p > 0.05); II vs. IIIB (p > 0.05); II
vs. IIIC (p > 0.05); II vs. IV (p < 0.001); IIIA vs. IV (p < 0.001); IIIB vs. IV (p < 0.001); IIIC vs. IV (p = 0.94). # N0 vs. 1 (p = 0.02); N0 vs. 2
(p < 0.001); N0 vs. 3 (p < 0.001); N1 vs. 2 (p = 0.05); N1 vs. 3 (p < 0.001); N2 vs. 3 (p = 0.03). ˆ rad. vs. palliat. (p < 0.001); rad. vs. symp.
(p < 0.001); palliat. vs. symp. (p = 0.005). § ≤3 vs. >3–5 cm (p = 0.002); ≤3 vs. >5–7 cm (p = 0.004); ≤3 vs. >7 cm (p < 0.001); >3–5 vs. >5–7 cm
(p = 0.75); >3–5 vs. >7 cm (p = 0.04); >5–7 vs. >7 cm (p = 0.12). ** I vs. II (p = 0.32); I vs. IIIA (p = 0.03); I vs. IIIB, 0.02; I vs. IIIC, 0.07; I vs. IV,
<0.001; II vs. IIIA, 0.27; II vs. IIIB, 0.08; II vs. IIIC, 0.07; II vs. IV, <0.001; IIIA vs. IV, <0.001; IIIB vs. IV, <0.001; IIIC vs. IV, 0.99. ## N0 vs. 1
(p = 0.07); N0 vs. 2 (p < 0.001); N0 vs. 3 (p < 0.001); N1 vs. 2 (p = 0.009); N1 vs. 3 (p < 0.001); N2 vs. 3 (p = 0.12). ˆˆ rad. vs. palliat. (p < 0.001);
rad. vs. symp. (p < 0.001); palliat. vs. symp. (p = 0.03). §§ ≤3 vs. >3–5 cm (p = 0.046); ≤3 vs. >5–7 cm (p = 0.07); ≤3 vs. >7 cm (p < 0.001);
>3–5 vs. >5–7 cm (p = 0.79); >3–5 vs. >7 cm (p = 0.01); >5–7 vs. >7 cm (p = 0.04).

In the univariate model analysis, significant influence on OS was demonstrated for
clinical stage, lymph nodes status, size of tumour, intention of treatment, and extent of
resection (p < 0.05). Patients diagnosed with clinical stage IIIC had about 14 times higher
risk of death (HR: 14.4; 95% CI: 3.44–60.27), and patients with CS IV had almost 16 times
higher (HR: 15.9; 95% CI: 6.48–39.02). Lymph node metastasis status was found to be
significant correlated with higher overall mortality (N0 vs. N3, HR: 9.42; (95% CI: 4.61–
19.28). The positive resection margin and large size of tumour significantly increased the
percentage of deaths (R0 vs. R1-2, HR: 2.28; 95% CI: 1.12–4.63) and (≤3 cm vs. >7 cm,
HR: 4.35; 95% CI: 2.29–8.24), respectively (Table 4). In univariate analysis, a significant
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influence on PFS was also demonstrated for clinical stage, lymph node status, size of
tumour, intention of treatment and extent of resection (p < 0.05) (Table 4).

In the multivariate analysis, it was estimated that clinical stage was an independent
factor influencing OS (I vs. II, HR: 4.0; 95% CI: 1.43–11.16; p = 0.008). The risk of progression
increased in more advanced clinical stage (I vs. IV, HR: 10.53; 95% CI: 2.29–48.38; p = 0.002)
and positive resection margin (R0 vs. R1-2, HR: 3.06; 95% CI: 1.26–7.42; p = 0.01) (Table 5).

Table 4. Univariate Cox regression.

Overall Survval (OS) Progression-Free Survival (PFS)

Variables HR (95% CI) p HR (95% CI) p

Age ≤64 1.00 Reference 1.00 Reference
>64 1.40 (0.93–2.10) 0.11 1.31 (0.89–1.92) 0.17

Gender women 1.00 Reference 1.00 Reference
men >1.24 >(0.82–1.89) 0.31 >1.20 >(0.81–1.80) 0.36

Clinical stage I 1.00 Reference 1.00 Reference
II 3.20 (1.19–8.66) 0.02 1.58 (0.68–3.69) 0.29

IIIA 3.12 (1.20–8.12) 0.02 2.33 (1.08–5.04) 0.03
IIIB 5.44 (1.96–15.13) 0.001 3.53 (1.46–8.56) 0.005
IIIC 14.40 (3.44–60.27) <0.001 7.95 (2.10–30.12) 0.002
IV 15.90 (6.48–39.02) <0.001 8.59 (4.15–17.82) <0.001

Lymph nodes status N0 1.00 Reference 1.00 Reference
N1 2.52 (1.19–5.31) 0.02 0.86 (0.38–1.93) 0.22
N2 4.33 (2.40–7.82) <0.001 3.85 (2.27–6.54) 0.007
N3 9.42 (4.61–19.28) <0.001 5.96 (3.11–11.40) <0.001

Ki67 ≤55 1.00 Reference 1.00 Reference
>55 1.16 (0.69–1.93) 0.57 1.11 (0.68–1.79) 0.68

Localization left lung 1.00 Reference 1.00 Reference
right lung 1.35 (0.90–2.02) 0.14 1.23 (0.84–1.80) 0.29

Intention to treat radical treatment 1.00 Reference 1.00 Reference
palliative treatment 4.88 (2.93–8.15) <0.001 3.58 (2.21–5.80) 0.13

symptomatic treatment 11.10 (6.15–20.03) <0.001 6.73 (3.83–11.82) <0.001

Radicality of surgical resection R0 1.00 Reference 1.00 Reference
R1-2 2.28 (1.12–4.63) 0.02 2.43 (1.30–4.54) 0.005

Size of tumour ≤3 cm 1.00 Reference 1.00 Reference
>3–5 cm 1.27 (0.66–2.45) 0.75 0.90 (0.49–1.65) 0.77
>5–7 cm 2.63 (1.39–4.96) 0.45 1.65 (0.93–2.93) 0.94

>7 cm 4.35 (2.29–8.24) <0.001 2.98 (1.69–5.26) <0.001

Table 5. Multivariate Cox regression.

Overall Survival (OS) Progression-Free Survival (PFS)

Variables HR (95% CI) p HR (95% CI) p

Clinical stage I 1.00 Reference 1.00 Reference
II 4.00 (1.43–11.16) 0.008 2.08 (0.86–5.01) 0.10

IIIA 1.81 (0.55–5.98) 0.33 1.12 (0.43–2.92) 0.81
IIIB 3.50 (0.69–17.70) 0.13 1.19 (0.24–5.96) 0.83
IIIC - - - - - -
IV 1.90 (0.23–15.51) 0.55 10.53 (2.29–48.38) 0.002

Intention to treat radical treatment 1.00 Reference 1.00 Reference
palliative treatment 2.27 (0.23–22.02) 0.48 0.34 (0.05–2.11) 0.24

symptomatic treatment 1.27 (0.14–11.62) 0. 83 0.44 (0.05–4.01) 0.47

Radicality of surgical resection R0 1.00 Reference 1.00 Reference
R1-2 2.38 (0.79–7.17) 0.12 3.06 (1.26–7.42) 0.01
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4. Discussion

Large cell neuroendocrine carcinoma (LCNEC) is a rare but aggressive type of lung
cancer, with an incidence of about 3% [14]. We reported 132 patients diagnosed with
LCNEC during 17 years in daily practice, on average 64 years of age, most of whom were
male (64%). Almost half of them had advanced clinical stage, 40% of patients (n = 53) with
stage IV. Similarly, Naidoo J. [15] also reported a large series of LCNEC patients in stage IV,
49 patients during 8 years, 64 years in age and 63% of patients of whom were male. In the
present study, we demonstrated that 19% of analyzed patients survived 5 years with median
of survival 17 months. The median PFS was 7 months. We demonstrated better outcomes
than published results: median of OS patients ranged between 8.0 and 16.5 months, and
median of PFS was between 4.1 and 6.1 months [16–21]. It is necessary to explore the factors
that influenced long-term survival of patients with LCNEC. In our analysis, we found
that treatment with radical intension, R0 resection margin, lower clinical stage, lymph
node-negative, and size of tumour ≤4 cm led to significantly better survival prognosis (OS
and PFS) (p < 0.05). The authors of various studies also looked for correlations between
clinicopathologic factors and time of survival. Five-year OS of patients in different clinical
stages in our study seems to be similar to that achieved by other authors, who estimated
the median survival of patients with early-stage LCNECs between 19 and 40 months,
with 5-year survival between 21% and 62%, based on retrospective studies of between 5
and 144 patients. Reported stage-for-stage 5-year survival rates in LCNEC are: stage I
(33–62%), stage II (18–75%), stage III (8–45%), and 0% in patients with stage IV disease.
Clinicopathologic factors that correlate with poor survival in published studies include
advanced tumour stage, tumour size (greater than 3 cm), and male gender [16,22–24].
Naidoo et al. [15] evaluated the median overall survival at level 10.2 months (95% CI,
8.6–16.4 months) for the stage IV LCNEC cohort. In the univariate model of our analysis,
significant influence on OS was demonstrated for clinical stage, lymph nodes status, size of
tumour, intention of treatment (p < 0.001), and extent of resection (p = 0.02). We figured out
the independent factors that influenced OS and PFS, like clinical stage and resection margin
R0 vs. R1-2. The studies that have been published recently included 2594 LCNEC cases that
revealed that gender, age, TNM stage, T stage, N stage, and M stage were all independent
prognostic factors [25]. Cao et al. [26] also determined that tumour size and TNM stage
were associated with survival in patients with pulmonary LCNEC in univariate analysis,
but they discovered that older age at diagnosis (≥65 years) was an independent prognostic
risk factor for OS; however, we did not achieve such a result. The multivariate analysis [16]
that included 2368 LCNEC cases did not prove the association between tumour grade
and LCNEC survival. Deng et al. [27] demonstrated that 5-year OS of LCNEC patients
(n = 2097) was 16.7% with a median 11 months. Five-year OS was 43.9%, 24.1%, 12.7%, and
2.6% (p < 0.001) in stages I, II, III, and IV disease, respectively, and the median OS was 44, 19,
14, and 6 months in stages I, II, III, and IV disease, respectively. The results of multivariate
analysis indicated that advanced tumour stage, advanced nodal stage, not undergoing
surgery, and not undergoing chemotherapy were independent adverse indicators of OS.
In addition, patients aged ≥65 years and male sex were also the independent adverse
indicators related to OS.

A retrospective analysis of 144 surgical cases [28] showed that 42.5% patients survived
5 years, 52% for stage I, 59% for stage II, and 20% for stage III. A trend towards a better
outcome was associated with preoperative or postoperative chemotherapy in stage I disease
compared to no chemotherapy. In a study that included 197 patients who underwent
surgery (without patients in stage IV), high-grade neuroendocrine carcinoma (HGNEC -
LCNEC and SCLC) authors demonstrated that perioperative chemotherapy significantly
improved the 5 year OS rates of HGNEC patients [29].

The multivariate analysis revealed that perioperative chemotherapy, lobectomy and
lymph-node-negative were independently associated with survival [29]. The basic method
of treatment of patients with early stage of cancer is resection (lobectomy is used most
frequently; pneumonectomy with mediastinal lymph node dissection is less frequent). The
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criteria of patient’s qualification to surgery treatment and neoadjuvant chemotherapy are
the same as in the case of non-small-cell lung cancer. For primary lung neuroendocrine
neoplasms, LCNEC and LCNEC combined are characterized by a high risk of recurrence
after surgery, even in CS I. This is the reason that adjuvant chemotherapy is recommended
in all stages, including early clinical stages, of cancer advancement after surgery. Although
the treatment of LCNEC is not clearly established and there are some difficulties such as
rare occurrence and the retrospective character of studies, the authors investigated treat-
ment factors that could correlate with survival. Some authors [16,26] revealed that surgery,
radiation, and chemotherapy were associated with survival in patients with pulmonary
LCNEC. In our study, method of radical treatment (surgery alone vs. resection with neoad-
juvant/adjuvant treatment vs. radiochemotherapy) and type of chemotherapy (SCLC
chemotherapy vs. NSCLC chemotherapy schedule) did not influence OS or PFS. There
are limited published data regarding the clinical course and treatment of patients with
advanced LCNEC. The National Cancer Control Network (NCCN) recommends treatment
according to non-small-cell lung cancer (NSCLC) guidelines; however, LCNECs are fre-
quently treated with the same chemotherapeutic regimens used for SCLC, given that they
are both high-grade neuroendocrine neoplasms. While response rates of approximately
50% and up to 80% have been demonstrated in prospective studies utilizing platinum-
based/etoposide in patients with extensive-stage SCLC (ED-SCLC), current reports suggest
that LCNEC are substantially less chemo-responsive to this regimen. We are unaware of
any randomized studies investigating how patients with advanced LCNECs should be
optimally treated [18,20,30–36]. Gu et al. [25] demonstrated that surgery benefited stage I,
II, and III LCNEC patients’ prognoses. The combination treatment including surgery and
chemotherapy was the optimal treatment for stage I, II, and III LCENC patients. LCNEC is
an aggressive tumour with a high rate of recurrence even after complete surgical resection
in its early stage [37]; therefore, surgery alone could be insufficient to treat patients with
LCNEC, and adjuvant treatment such as chemotherapy or radiation may be necessary.
Chemoradiation achieved better overall response rate than chemotherapy alone [38]. The
study conducted by Gu [25] did not admit that chemoradiation provides a benefit for
stage I, II, and III surgery patients’ prognoses. The schedule of chemotherapy is still not
established, independently of clinical stage of LCNEC. Patients are treated according to
small-cell-lung cancer (SCLC) schedule of treatment (platinum + etoposide) or NSCLC
schedule (platinum + gemcitabine vs. vinorelbine vs. paclitaxel).

In Europe and Japan, neoadjuvant, adjuvant and palliative chemotherapy recom-
mended for LCNEC/combined LCNEC patients’ treatment is like typical for SCLC, but
in USA, a more preferred schedule is like that of NSCLC. The rarity of this cancer results
in a lack of randomized clinical trials for histopathologically confirmed LCNEC and no
standards in combined, neoadjuvant, adjuvant, and palliative therapy, and the role of
radiotherapy including elective radiotherapy on the central nervous system (CNS) accord-
ing to the treatment protocol of SCLC has not been established. Sun et al. [18] compared
efficacy of first-line chemotherapy for large-cell neuroendocrine carcinoma in the SCLC
and NSCLC regimen groups, and the median progression-free survival times were 6.1
vs. 4.9 months, respectively, and the median overall survival was 16.5 vs. 9.2 months.
Other authors [39] analyzed patients with the diagnosis of stage IV LCNEC and showed
that NSCLC-t chemotherapy (first-line platinum-based combined chemotherapy, including
gemcitabine, docetaxel, paclitaxel, or vinorelbine) improved overall survival in comparison
to NSCLC-pt (with pemetrexed treatment only) and SCLC-t chemotherapy (consisting of
etoposide chemotherapy). In our study, we did not achieve a significant difference in pa-
tients’ outcome (OS, PFS) between those treated with chemotherapy for SCLC vs. NSCLC.

5. Conclusions

Patients with LCNEC diagnosis were characterized by poor prognosis of median 7
and 17 months, respectively for PFS and OS. Independent prognostic factors influencing
PFS were clinical stage (CS) and resection margin R0 vs. R1-2.



Medicina 2021, 57, 118 11 of 13

Author Contributions: Conceptualization, A.L., J.B.C.; methodology, A.L.; software, K.O.; Validation,
R.R., L.G.; formal analysis, A.L., K.O.; statistical analysis, K.O.; investigation, A.L., A.K.-C., J.P., A.D.,
J.B.C.; resources, A.L., J.B.C., A.D., A.K.-C.; data curation, A.L., A.K.-C., J.P.; writing—original draft
preparation, A.L.; K.O., R.R., L.G.; writing—review and editing, A.K.-C., A.D., J.B.C.; visualization,
A.L., K.O.; supervision, J.B.C., A.D.; project administration, L.G. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of the University of
Warmia and Mazury in Olsztyn (protocol code 12/2018 and date of approval 12 April 2018).

Informed Consent Statement: Patient consent was waived due to the study was a retrospective
study. The data was collected from medical documentation. Due to retrospective character of our
study patients did not sign special consent form for this analysis.

Data Availability Statement: Raw data is available from the author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gustafsson, B.I.; Kidd, M.; Chan, A.; Malfertheiner, M.V.; Modlin, I.M. Bronchopulmonary neuroendocrine tumors. Cancer 2008,

113, 5–21. [CrossRef]
2. Travis, W.D.; Brambilla, E.; Burke, A.P.; Marx, A.; Nicholson, A.G. WHO Classification of Tumours of the Lung, Pleura, Thymus and

Heart. World Health Organization classification of Tumours, 4th ed.; International Agency for Research on Cancer: Lyon, France, 2015.
[CrossRef]

3. Schnabel, P.A.; Junker, K. Pulmonary neuroendocrine tumors in the new WHO 2015 classification: Start of breaking new grounds?
Pathologe 2015, 36, 283–292. [CrossRef] [PubMed]

4. Fernandez, F.G.; Battafarano, R.J. Large-cell neuroendocrine carcinoma of the lung: An aggressive neuroendocrine lung cancer.
Semin. Thorac. Cardiovasc. Surg. 2006, 18, 206–210. [CrossRef] [PubMed]

5. Sánchez de Cos Escuín, J. Diagnosis and treatment of neuroendocrine lung tumors. Arch. Bronconeumol. 2014, 50, 392–396.
[CrossRef] [PubMed]

6. Battafarano, R.J.; Fernandez, F.G.; Ritter, J.; Meyers, B.F.; Guthrie, T.J.; Cooper, J.D.; Patterson, G.A. Large cell neuroendocrine
carcinoma: An aggressive form of non-small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2005, 130, 166–172. [CrossRef] [PubMed]

7. Odate, S.; Nakamura, K.; Onishi, H.; Kojima, M.; Uchiyama, A.; Nakano, K.; Kato, M.; Tanaka, M.; Katano, M. TrkB/BDNF
signaling pathway is a potential therapeutic target for pulmonary large cell neuroendocrine carcinoma. Lung Cancer 2013, 79,
205–214. [CrossRef] [PubMed]

8. Iyoda, A.; Hiroshima, K.; Moriya, Y.; Iwadate, Y.; Takiguchi, Y.; Uno, T.; Nakatani, Y.; Yoshino, I. Postoperative recurrence and the
role of adjuvant chemotherapy in patients with pulmonary large-cell neuroendocrine carcinoma. J. Thorac. Cardiovasc. Surg. 2009,
138, 446–453. [CrossRef] [PubMed]

9. Iyoda, A.; Jiang, S.X.; Travis, W.D.; Kurouzu, N.; Ogawa, F.; Amano, H.; Sato, Y.; Rusch, V.W.; Saegusa, M.; Satoh, Y. Clinico-
pathological features and the impact of the new TNM classification of malignant tumors in patients with pulmonary large cell
neuroendocrine carcinoma. Mol. Clin. Oncol. 2013, 1, 437–443. [CrossRef]

10. Zacharias, J.; Nicholson, A.G.; Ladas, G.P.; Goldstraw, P. Large cell neuroendocrine carcinoma and large cell carcinomas with
neuroendocrine morphology of the lung: Prognosis after complete resection and systematic nodal dissection. Ann. Thorac. Surg.
2003, 75, 348–352. [CrossRef]

11. Tokito, T.; Kenmotsu, H.; Watanabe, R.; Ito, I.; Shukuya, T.; Ono, A.; Nakamura, Y.; Tsuya, A.; Naito, T.; Murakami, H.; et al.
Comparison of chemotherapeutic efficacy between LCNEC diagnosed using large specimens and possible LCNEC diagnosed
using small biopsy specimens. Int. J. Clin. Oncol. 2014, 19, 63–67. [CrossRef]

12. Kenmotsu, H.; Niho, S.; Ito, T.; Ishikawa, Y.; Noguchi, M.; Tada, H.; Sekine, I.; Watanabe, S.I.; Yoshimura, M.; Yamamoto, N.;
et al. A pilot study of adjuvant chemotherapy with irinotecan and cisplatin for completely resected high-grade pulmonary
neuroendocrine carcinoma (large cell neuroendocrine carcinoma and small cell lung cancer). Lung Cancer 2014, 84, 254–258.
[CrossRef] [PubMed]

13. Brierley, J.D.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours, 8th ed.; Wiley: Hoboken, NJ,
USA, 2017.

14. Fasano, M.; Della Corte, C.M.; Papaccio, F.; Ciardiello, F.; Morgillo, F. Pulmonary large-cell neuroendocrine carcinoma from
epidemiology to therapy. J. Thorac. Oncol. 2015, 10, 1133–1141. [CrossRef] [PubMed]

15. Naidoo, J.; Santos-Zabala, M.L.; Iyriboz, T.; Woo, K.M.; Sima, C.S.; Fiore, J.J.; Kris, M.G.; Riely, G.J.; Lito, P.; Iqbal, A.; et al. Large
cell neuroendocrine carcinoma of the lung: Clinico-pathologic features, treatment, and outcomes. Clin. Lung Cancer 2016, 17,
e121–e129. [CrossRef] [PubMed]

http://doi.org/10.1002/cncr.23542
http://doi.org/10.1097/JTO.0b013e318217b6f8
http://doi.org/10.1007/s00292-015-0030-2
http://www.ncbi.nlm.nih.gov/pubmed/25956813
http://doi.org/10.1053/j.semtcvs.2006.08.007
http://www.ncbi.nlm.nih.gov/pubmed/17185180
http://doi.org/10.1016/j.arbres.2014.02.004
http://www.ncbi.nlm.nih.gov/pubmed/24685201
http://doi.org/10.1016/j.jtcvs.2005.02.064
http://www.ncbi.nlm.nih.gov/pubmed/15999058
http://doi.org/10.1016/j.lungcan.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/23312550
http://doi.org/10.1016/j.jtcvs.2008.12.037
http://www.ncbi.nlm.nih.gov/pubmed/19619794
http://doi.org/10.3892/mco.2013.80
http://doi.org/10.1016/S0003-4975(02)04118-8
http://doi.org/10.1007/s10147-012-0509-2
http://doi.org/10.1016/j.lungcan.2014.03.007
http://www.ncbi.nlm.nih.gov/pubmed/24679951
http://doi.org/10.1097/JTO.0000000000000589
http://www.ncbi.nlm.nih.gov/pubmed/26039012
http://doi.org/10.1016/j.cllc.2016.01.003
http://www.ncbi.nlm.nih.gov/pubmed/26898325


Medicina 2021, 57, 118 12 of 13

16. Yang, Q.; Xu, Z.; Chen, X.; Zheng, L.; Yu, Y.; Zhao, X.; Chen, M.; Luo, B.; Wang, J.; Sun, J. Clinicopathological characteristics and
prognostic factors of pulmonary large cell neuroendocrine carcinoma: A large population-based analysis. Thorac. Cancer 2019, 10,
751–760. [CrossRef] [PubMed]

17. Fujiwara, Y.; Sekine, I.; Tsuta, K.; Ohe, Y.; Kunitoh, H.; Yamamoto, N.; Nokihara, H.; Yamada, K.; Tamura, T. Effect of platinum
combined with irinotecan or paclitaxel against large cell neuroendocrine carcinoma of the lung. Jpn. J. Clin. Oncol. 2007, 37,
482–486. [CrossRef]

18. Sun, J.M.; Ahn, M.J.; Ahn, J.S.; Um, S.W.; Kim, H.; Kim, H.K.; Choi, J.S.; Han, J.; Kim, J.; Kwon, O.J.; et al. Chemotherapy for
pulmonary large cell neuroendocrine carcinoma: Similar to that for small cell lung cancer or non-small cell lung cancer? Lung
Cancer 2012, 77, 365–370. [CrossRef]

19. Le Treut, J.; Sault, M.C.; Lena, H.; Souquet, P.J.; Vergnenegre, A.; Le Caer, H.; Berard, H.; Boffa, S.; Monnet, I.; Damotte, D.; et al.
Multicentre phase II study of cisplatin-etoposide chemotherapy for advanced large-cell neuroendocrine lung carcinoma: The
GFPC 0302 study. Ann. Oncol. 2013, 24, 1548–1552. [CrossRef]

20. Niho, S.; Kenmotsu, H.; Sekine, I.; Ishii, G.; Ishikawa, Y.; Noguchi, M.; Oshita, F.; Watanabe, S.; Nakajima, R.; Tada, H.; et al.
Combination chemotherapy with irinotecan and cisplatin for large-cell neuroendocrine carcinoma of the lung: A multicenter
phase II study. J. Thorac. Oncol. 2013, 8, 980–984. [CrossRef]

21. Yoshida, H.; Sekine, I.; Tsuta, K.; Horinouchi, H.; Nokihara, H.; Yamamoto, N.; Kubota, K.; Tamura, T. Amrubicin monotherapy
for patients with previously treated advanced large-cell neuroendocrine carcinoma of the lung. Jpn. J. Clin. Oncol. 2011, 41,
897–901. [CrossRef]

22. Sarkaria, I.S.; Iyoda, A.; Roh, M.S.; Sica, G.; Kuk, D.; Sima, C.S.; Pietanza, M.C.; Park, B.J.; Travis, W.D.; Rusch, V.W. Neoadjuvant
and adjuvant chemotherapy in resected pulmonary large cell neuroendocrine carcinomas: A single institution experience. Ann.
Thorac. Surg. 2011, 92, 1180–1186, discussion: 1186–1187. [CrossRef]

23. Garcia-Yuste, M.; Matilla, J.M.; Alvarez-Gago, T.; Duque, J.L.; Heras, F.; Cerezal, L.J.; Ramos, G. Prognostic factors in neuroen-
docrine lung tumors: A spanish multicenter study. Spanish multicenter study of neuroendocrine tumors of the lung of the
spanish society of pneumonology and thoracic surgery (EMETNE-SEPAR). Ann. Thorac. Surg. 2000, 70, 258–263. [CrossRef]

24. Iyoda, A.; Hiroshima, K.; Toyozaki, T.; Haga, Y.; Baba, M.; Fujisawa, T.; Ohwada, H. Adjuvant chemotherapy for large cell
carcinoma with neuroendocrine features. Cancer 2001, 92, 1108–1112. [CrossRef]

25. Gu, J.; Gong, D.; Wang, Y.; Chi, B.; Zhang, J.; Hu, S.; Min, L. The demographic and treatment options for patients with large cell
neuroendocrine carcinoma of the lung. Cancer Med. 2019, 8, 2979–2993. [CrossRef] [PubMed]

26. Cao, L.; Zhao, L.; Wang, M.; Zhang, X.H.; Yang, Z.C.; Liu, Y.P. Clinicopathological characteristics and prognosis of pulmonary
large cell neuroendocrine carcinoma aged ≥65 years. Peer J. 2019, 20, e6824. [CrossRef] [PubMed]

27. Deng, C.; Wu, S.G.; Tian, Y. Lung large cell neuroendocrine carcinoma: An analysis of patients from the surveillance, epidemiology,
and end-results (SEER) Database. Med. Sci. Monit. 2019, 25, 3636–3646. [CrossRef] [PubMed]

28. Veronesi, G.; Morandi, U.; Alloisio, M. Large cell neuroendocrine carcinoma of the lung: A retrospective analysis of 144 surgical
cases. Lung Cancer 2006, 53, 111–115. [CrossRef] [PubMed]

29. Ogawa, H.; Tanaka, Y.; Kitamura, Y.; Shimizu, N.; Doi, T.; Hokka, D.; Tane, S.; Nishio, W.; Yoshimura, M.; Maniwa, Y. Efficacy of
perioperative chemotherapy for pulmonary high-grade neuroendocrine carcinomas: A propensity score matching analysis. J.
Thorac. Dis. 2019, 11, 1145–1154. [CrossRef] [PubMed]

30. Lara, P.N., Jr.; Natale, R.; Crowley, J.; Lenz, H.J.; Redman, M.W.; Carleton, J.E.; Jett, J.; Langer, C.J.; Kuebler, J.P.; Dakhil, S.R.; et al.
Phase III trial of irinotecan/cisplatin compared with etoposide/cisplatin in extensive-stage small-cell lung cancer: Clinical and
pharmacogenomic results from SWOG S0124. J. Clin. Oncol. 2009, 27, 2530–2535. [CrossRef] [PubMed]

31. Yamazaki, S.; Sekine, I.; Matsuno, Y.; Takei, H.; Yamamoto, N.; Kunitoh, H.; Ohe, Y.; Tamura, T.; Kodama, T.; Asamura, H.; et al.
Clinical responses of large cell neuroendocrine carcinoma of the lung to cisplatin-based chemotherapy. Lung Cancer 2005, 49,
217–223. [CrossRef] [PubMed]

32. Noda, K.; Nishiwaki, Y.; Kawahara, M.; Negoro, S.; Sugiura, T.; Yokoyama, A.; Fukuoka, M.; Mori, K.; Watanabe, K.; Tamura, T.;
et al. Irinotecan plus cisplatin compared with etoposide plus cisplatin for extensive small-cell lung cancer. N. Engl. J. Med. 2002,
346, 85–91. [CrossRef] [PubMed]

33. Fukuoka, M.; Furuse, K.; Saijo, N.; Nishiwaki, Y.; Ikegami, H.; Tamura, T.; Shimoyama, M.; Suemasu, K. Randomized trial of
cyclophosphamide, doxorubicin, and vincristine versus cisplatin and etoposide versus alternation of these regimens in small-cell
lung cancer. J. Natl. Cancer Inst. 1991, 83, 855–861. [CrossRef] [PubMed]

34. Roth, B.J.; Johnson, D.H.; Einhorn, L.H.; Schacter, L.P.; Cherng, N.C.; Cohen, H.J.; Crawford, J.; Randolph, J.A.; Goodlow,
J.L.; Broun, G.O. Randomized study of cyclophosphamide, doxorubicin, and vincristine versus etoposide and cisplatin versus
alternation of these two regimens in extensive small-cell lung cancer: A phase III trial of the southeastern cancer study group. J.
Clin. Oncol. 1992, 10, 282–291. [CrossRef] [PubMed]

35. Zatloukal, P.; Cardenal, F.; Szczesna, A.; Gorbunova, V.; Moiseyenko, V.; Zhang, X.; Cisar, L.; Soria, J.C.; Domine, M.; Thomas,
M. A multicenter international randomized phase III study comparing cisplatin in combination with irinotecan or etoposide
in previously untreated small-cell lung cancer patients with extensive disease. Ann. Oncol. 2010, 21, 1810–1816. [CrossRef]
[PubMed]

http://doi.org/10.1111/1759-7714.12993
http://www.ncbi.nlm.nih.gov/pubmed/30734490
http://doi.org/10.1093/jjco/hym053
http://doi.org/10.1016/j.lungcan.2012.04.009
http://doi.org/10.1093/annonc/mdt009
http://doi.org/10.1097/JTO.0b013e31828f6989
http://doi.org/10.1093/jjco/hyr065
http://doi.org/10.1016/j.athoracsur.2011.05.027
http://doi.org/10.1016/S0003-4975(00)01369-2
http://doi.org/10.1002/1097-0142(20010901)92:5&lt;1108::AID-CNCR1427&gt;3.0.CO;2-7
http://doi.org/10.1002/cam4.2188
http://www.ncbi.nlm.nih.gov/pubmed/31087628
http://doi.org/10.7717/peerj.6824
http://www.ncbi.nlm.nih.gov/pubmed/31149394
http://doi.org/10.12659/MSM.914541
http://www.ncbi.nlm.nih.gov/pubmed/31095532
http://doi.org/10.1016/j.lungcan.2006.03.007
http://www.ncbi.nlm.nih.gov/pubmed/16697073
http://doi.org/10.21037/jtd.2019.04.56
http://www.ncbi.nlm.nih.gov/pubmed/31179056
http://doi.org/10.1200/JCO.2008.20.1061
http://www.ncbi.nlm.nih.gov/pubmed/19349543
http://doi.org/10.1016/j.lungcan.2005.01.008
http://www.ncbi.nlm.nih.gov/pubmed/16022916
http://doi.org/10.1056/NEJMoa003034
http://www.ncbi.nlm.nih.gov/pubmed/11784874
http://doi.org/10.1093/jnci/83.12.855
http://www.ncbi.nlm.nih.gov/pubmed/1648142
http://doi.org/10.1200/JCO.1992.10.2.282
http://www.ncbi.nlm.nih.gov/pubmed/1310103
http://doi.org/10.1093/annonc/mdq036
http://www.ncbi.nlm.nih.gov/pubmed/20231298


Medicina 2021, 57, 118 13 of 13

36. Schmittel, A.; Sebastian, M.; Fischer von Weikersthal, L.; Martus, P.; Gauler, T.C.; Kaufmann, C.; Hortig, P.; Fischer, J.R.; Link, H.;
Binder, D.; et al. A German multicenter, randomized phase III trial comparing irinotecan-carboplatin with etoposide-carboplatin
as first-line therapy for extensive-disease small-cell lung cancer. Ann. Oncol. 2011, 22, 1798–1804. [CrossRef] [PubMed]

37. Matsuura, N.; Nakashima, N.; Igai, H.; Tarumi, S.; Chang, S.S.; Misaki, N.; Liu, D.; Go, T.; Ishikawa, S.; Huang, C.L.; et al.
Prognosis of surgically treated large cell neuroendocrine carcinoma. Kyobu Geka 2011, 64, 187–190.

38. Shimada, Y.; Niho, S.; Ishii, G.; Hishida, T.; Yoshida, J.; Nishimura, M.; Yoh, K.; Goto, K.; Ohmatsu, H.; Ohe, Y.; et al. Clinical
features of unresectable high-grade lung neuroendocrine carcinoma diagnosed using biopsy specimens. Lung Cancer 2012, 75,
368–373. [CrossRef]

39. Derks, J.L.; van Suylen, R.J.; Thunnissen, E.; den Bakker, M.A.; Groen, H.J.; Smit, E.F.; Damhuis, R.A.; van den Broek, E.C.; Speel,
E.J.M.; Dingemans, A.M.C.; et al. Chemotherapy for pulmonary large cell neuroendocrine carcinomas: Does the regimen matter?
Eur. Respir. J. 2017, 49, 1601838. [CrossRef]

http://doi.org/10.1093/annonc/mdq652
http://www.ncbi.nlm.nih.gov/pubmed/21266516
http://doi.org/10.1016/j.lungcan.2011.08.012
http://doi.org/10.1183/13993003.01838-2016

	Introduction 
	Materials and Methods 
	Data Sources 
	Statistical Analysis 

	Results 
	Characteristic of Patients 
	Comparison of Outcome 

	Discussion 
	Conclusions 
	References

