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Objective

Large-cell neuroendocrine carcinoma (LCNEC) is a rare subtype of pulmonary cancer with poor survival. Optimal adjuvant chemotherapy for resected LCNEC is controversial till now; clinical features together with the prognostic factors in LCNEC should be clarified better.



Methods

Clinicopathological characteristics, driven genes’ status (EGFR, ALK, and ROS1), adjuvant chemotherapy strategy for 94 surgical resected LCNECs were extracted from digital database, tumor relapse or progression, and survival were analyzed with clinical profiles.



Results

Driven gene mutants were scarce in LCNEC, 8.3% (4/48) samples harbored EGFR mutations, 5.8% (3/52) with ALK positive, and none of ROS1 positive. A total of 44 patients suffered tumor relapse or progression during follow-up. Tumor/lymph node (N) stage, serum carcinoembryonic antigen (CEA) level before surgery, different adjuvant chemotherapies were associated with tumor relapse (P < 0.05); poorer disease-free survival (DFS) appeared in N2/stage III, serum CEA positive and pemetrexed based chemotherapy (P < 0.05); for overall survival (OS) analysis, the T/tumor stage, serum positive CEA/neuron-specific enolase (NSE) at baseline were associated with worse OS (P < 0.05). Moreover, in the multivariate analysis, N stage still acted as prognostic for DFS (P = 0.019); OS differed significantly in different T stages, chemotherapy selection and serum CEA levels after adjustment (P < 0.05).



Conclusion

Classical driven gene mutations were rare in LCNEC. Tumor N stage appeared as prognostic for DFS, while serum positive CEA, different adjuvant chemotherapy strategies, and T stage were independent prognostic factors for OS. Etoposide–platinum regime seemed to be a better choice which should be confirmed by further prospective investigations.
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Introduction

Large-cell neuroendocrine carcinoma (LCNEC) is a rare type of lung cancer, which accounts lower than 3.5% of all (1, 2), while according to the Surveillance, Epidemiology, and End Results (SEER) (2001–2007) database, LCNEC incidence seemed to increase (3). Since this subtype is a high-grade malignancy and presents as neuroendocrine features (4), LCNEC is used to be a subcluster of large-cell carcinoma (LCC) and part of neuroendocrine tumors (NETs) of the lung before 2015, and the World Health Organization (WHO) lung tumor classification revised the criteria (2015) which moved LCNEC from LCC to NET chapter (5). Previous reports indicated LCNEC appeared aggressive and the prognosis was poor (6, 7) and shared some similarities with small-cell lung cancer (SCLC) (8) or non-small cell lung cancer at the same time (9).

The rarity of LCNEC impeded large-scale randomized clinical trials in seeking the optimal therapy; majority of the present were data derived from retrospective studies, and the sample size was also small. Similar to NSCLC, early stage (stages I–II) LCNEC usually received surgical resection, while for local advanced or metastatic tumors, the treatment selection is still controversial, either for adjuvant chemotherapy or first-line therapy. Reported data evaluated platinum–etoposide combination, which was widely used in treating SCLC, as a better choice for prolonging survival (1, 10, 11); however, most of the results focused on IIIB/IV stage tumors, and treatment for patients with operation should be clarified further.

As targeted therapy provided a promising prognosis for specific patients in NSCLC, driven gene detection is necessary before clinical decision, while gene mutant data related to LCNEC at present was rare. Recently, Zhuo et al. reported genetic subtyping was associated with tumor prognosis (12), which indicated treatment selection might rely on genomic status. Considering the gloomy outcomes in LCNEC, clinical characteristics, genomic information, and survival should be investigated with deeper insight. Herein we conducted this retrospective study to provide an overview of LCNEC in Chinese population, especially for resected tumors; the adjuvant chemotherapy effects, driven gene spectrum and survival will be concentrated in order to help understand LCNEC better.



Materials and Methods


Study Population

During August 2011 to October 2019, a total of 105 LCNEC underwent surgical resection in Shanghai Chest Hospital, and all samples were confirmed as LCNEC or combined LCNEC (N = 11) following the 2015 WHO lung tumor classification criteria (13), and only LCNECs were collected (N = 94). Informed consent was obtained from all patients, and the present study was approved by the Institutional Review Board (IRB) in ShangHai Chest Hospital [No. KS(Y)1982].



Data Extraction

An independent database was established based on hospital digital medical records; details of these individuals were extracted such as patients’ age, gender, smoking status, primary tumor size, tumor location, tumor-nodal-metastasis (TNM) staging information, peripheral blood tumor marker carcinoembryonic antigen (CEA), squamous cell carcinoma antigen (SCC), cytokeratin-19 fragment (CYFRA21-1), neuron-specific enolase (NSE), cancer antigen-125 (CA125), and gene detection results. Blood tumor markers were evaluated before surgery, epidermal growth factor receptor (EGFR) mutants were detected with amplification refractory mutation system (ARMS), anaplastic lymphoma kinase (ALK) rearrangement was detected by immunohistochemistry (IHC), and ROS1 fusion was determined with fluorescence in situ hybridization (FISH). All tumor stage was performed according to the Eighth edition of American Joint Committee on Cancer (AJCC) staging system (14).



Patient Follow-Up and Definition of End-Point

Serial clinical physical examination and image evaluation (included chest computed tomography, brain magnetic resonance imaging, abdomen ultrasound or whole-body18 F-Fluorodeoxyglucose positron emission tomography/computed tomography if necessary) were recommended to all patients in a sequential follow-up. Disease-free survival (DFS) was defined as the time from surgery to the first confirmed relapse or alive at final follow-up; overall survival (OS) was defined as time to death by any cause or last follow-up from diagnosis. Survival information was collected mainly by phone communication and outpatient visit. Last follow-up date was set at November 2019.



Statistical Analysis

The Chi-square (χ2) test or Fisher’s exact test was used for clinicopathological characteristics comparison analysis in LCNEC. Survival differences were analyzed by Kaplan–Meier survival function with the method of log-rank test. Moreover, variants including age, gender, tumor location and size, tumor staging, chemotherapy or radiotherapy status, and peripheral blood tumor markers were evaluated by fitting logistic multivariable regression with Cox proportional hazard models. All statistical analyses were performed by the SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 7 (GraphPad Software, Inc.); significance level was set at two-sides P < 0.05.




Results


Characteristics of Resected LCNEC Patients

Among the 94 LCNEC patients, 84 (89.4%) were males, and 10 (10.6%) were females; median age was 60 (range 35–80 years) and 35 (37.2%) were current or former smokers. More than half (60, 63.8%) of the patients had a tumor with diameter larger than 3 cm, and 64 (68.1%) patients had tumors located in the left lobe. Stage I, II, and III tumors accounted for 33% (31/94), 23.4% (22/94), and 43.6% (41/94), respectively. Of the 94 patients, three received neoadjuvant chemotherapy, and all these three patients refused the adjuvant chemotherapy after surgery. 75 (79.8%) patients received adjuvant chemotherapy, of which pemetrexed/cisplatin (PEM) or carboplatin contained 26 (34.7%), and etoposide–platinum (PE) based regime contained 21 (28%), 28 (37.3%) were gemcitabine/vinorelbine/paclitaxel–platinum (GVTP). A total of 38 patients received radiotherapy of which 16 (42.1%) were followed by chemotherapy, and 22 (57.9%) received radiotherapy for tumor recurrence. Detailed clinicopathological characteristics of the study patients were presented in Table 1.


Table 1 | Clinicopathological characteristics of 94 resected LCNEC patients.





Serum Tumor Biomarkers Level and Genetic Alternations Profiles of LCNEC

Five kinds of peripheral blood tumor biomarkers were selected for evaluation, which included CEA, SCC, CYFRA21-1, NSE, and CA125. Positive rates of these biomarkers were 27.4% (23/84) for CEA, 10.7% (9/84) for SCC, 14.3% (12/84) for CYFRA21-1, 15.5% (13/84) for NSE, and 13.1 (11/84) for CA125. Furthermore, common driven genes such as EGFR, ALK, and ROS1 mutations were confirmed in this cohort; mutant status was available in 51.1% (48/94), 55.3% (52/94) and 26.6% (25/94), respectively. Four (8.33%) patients harbored EGFR mutations, of which two were L858R and two with 19 deletions. 5.77% (3/52) of patients appeared ALK positive, and all ROS1 status was negative in the present study.



Outcomes Predictors With Univariate Analysis in LCNEC

Until the final follow-up, we obtained information of tumor relapse in 84.04% (79/94) of patients, and 55.7% (44/79) suffered relapse or tumor progression during the follow-up, of which nine (20.5%) had intrapulmonary tumor recurrence, eight (18.2%) with brain and five (11.4%) with bone metastasis, eight (18.2%) suffered lymph node metastasis, and nine (20.5%) already died (Table 2). The tumor/nodal (N) stage was significantly associated with recurrence, with P = 0.021 and 0.022. Positive serum CEA level (>5 ng/ml) appeared to be more likely with relapse (75% vs 49%, P = 0.047); moreover, different chemotherapies were also associated with tumor recurrence (P < 0.005). As for DFS evaluation, N2 tumor indicated poorer DFS (median 54-N0 vs 23-N1 vs 12-N2 months, P = 0.004), and tumor stage (median 12 months in stage III), pemetrexed–platinum based chemotherapy (median 21 months) and serum CEA positive were also significantly with worse DFS (median 48-positive vs 13-negtive months), with P = 0.002, P = 0.025, P = 0.014, respectively (Figure 1). Furthermore, median DFS was longer with PE than with others (not reached), and PEM indicated the worst survival (21 months). Over-all survival was analyzed in 77.66% (73/94) of patients. T (tumor) stage (P < 0.0001), tumor stage (P = 0.014) and serum positive CEA (P = 0.003)/NSE (P = 0.04) at baseline were all significantly associated with shorter OS (Figure 2); furthermore, different chemotherapy regimes also appeared a significant trend (P = 0.059) (Supplement Figure 1).


Table 2 | Tumor relapse/progression patterns in 44 surgical resection LCNEC patients.






Figure 1 | Disease-free survival (DFS) for surgical resected LCNEC. (A) Disease-free survival by different nodal (N) stages. (B) Disease-free survival by different tumor stages. (C) Disease-free survival with different adjuvant chemotherapy strategies. (D) Disease-free survival between positive/negative serum CEA levels.






Figure 2 | Over-all survival (OS) for surgical resected LCNEC. (A) Over-all survival by different T (tumor) stages. (B) Over-all survival by different tumor stages. (C) Over-all survival between positive/negative serum CEA levels. (D) Over-all survival between positive/negative serum NSE levels.





Multivariate Analysis of Outcomes Predictors in LCNEC

In the multivariate analysis, T and N stages, peripheral blood CEA/NSE level, tumor stage and chemotherapy in relation to patients’ DFS and OS were selected. The N stage still acted as an independent prognostic factor for DFS (P = 0.019), and OS differed significantly in different chemotherapies (P = 0.027), T stage (P = 0.01), and serum CEA levels (P = 0.032) after adjustment. No other associations were discovered in survival analysis (Table 3).


Table 3 | Multivariate analysis of outcomes predictors in LCNEC patients.






Discussion

Since LCNEC was a rare type of lung cancer, the reported results were scarce and mostly derived from small sample size studies. Moreover, comprehensive analysis was limited, and clinical management for LCNEC remains controversial in some respects (10, 12, 15, 16). Hence we conducted this retrospective study in order to give an overview the clinical characteristics and prognostic variants of LCNEC. Diagnosis and treatment of lung carcinomas thrived dramatically, while few data was related to uncommon cancer types. We provide the landscape of tumor relapse and adjuvant therapy for resected LCNEC and confirmed PE was a priority for these patients; furthermore, normal serum tumor markers such as CEA and NSE could be utilized for prognosis evaluation, which was convenient and non-invasive for clinical practice.

Like most reported studies, LCNEC more likely occurred in males, with 89.4% in our study and 62.5–90.6% in others (2, 10, 12, 15, 16). Driven genes such as EGFR and ALK forecasted targeted therapy in NSCLC and detected as routine in clinical management. As for LCNEC, we found EGFR and ALK mutants were both rare in this subtype; the mutation rates were 8.33 and 5.77% respectively. Naidoo et al. also evaluated these genes in 49 LCNECs, they discovered none EGFR mutation or ALK rearrangement in 17 patients (15); however, 24% (4/17) harbored KRAS mutants. Considering all recruited patients were stage IV, the genomic alternations might differ between different tumor stages, which should be investigated in the future, and whether targeted therapy could be used was also controversial.

CEA is a widely used serum tumor marker and if positive before surgery seemed to be a risk in tumor relapse; moreover, positive CEA is also significantly associated with poorer DFS and OS in LCNEC. Zhang et al. also evaluated CEA in LCNEC prognosis, and no significance was mentioned (10), while 30.7% (117/381) in the study were stage IV patients. The mixed groups induced different proportions of positive CEA in the whole cohort, for 27.4% in our study and 42.2% in theirs (n = 301). Metastasis always obtained heavy tumor burden, which influenced the CEA level in the peripheral blood. Kim et al. collected 139 LCNEC patients who received operation; however, no tumor marker information was involved (16). Positive NSE at baseline was significantly associated with shorter OS in the univariate analysis although only 15.5% was positive in the present study, and 50.6% (n = 241) in Zhang et al.’s (10). The result was also consistent with theirs. However, 36.7% of the samples lacked the NSE information, and tumors involved in the final analysis would be different between studies since NSE was specific for NETs. Maybe further investigation could notice this.

Due to lack of randomized clinical trials in adjuvant treatment for LCNECs, the optimal therapy in these patients was still in debate. In a large scale investigation whether adjuvant treatment could benefit LCNECs, patients with stage II or higher seemed to obtain better DFS and OS (16); however, the chemotherapy information was not provided. Although some previous researches evaluated different treatments in LCNECs, Treut et al. demonstrated that cisplatin–etoposide doublet may induce poor survival with advanced LCNEC (11). Another study chose platinum–etoposide in metastatic LCNEC, with 37% objective response rate (ORR; complete response + partial response) (15), and no response to other regimens. Metro G et al. investigated the survival outcomes and incidence of brain recurrence in advanced high-grade neuroendocrine carcinoma (HGNEC) which included 53 LCNECs and 108 SCLCs (17); the LCNECs shared a worse overall response and survival outcomes (both PFS and OS) compared with SCLCs based on the PE regime. Besides, LCNECs are at high risk of brain recurrence when prophylactic cranial irradiation (PCI) is lacking. Most of the studies focused on advanced LCNEC. A recent study involved 56 patients for adjuvant chemotherapy, and SCLC-based regimens might be more effective than NSCLC-like therapy (P > 0.05), while no details such as tumor stage distribution and drugs usage were provided (10). We presented that in resected LCNEC, the PE regime might be a better choice for these patients and even acted as an independent prognostic factor for OS. While stage I patients were distributed more in the PE group (57.1%), the conclusion should be confirmed in the future. As genetic classification was implemented in clinical decision, some researches also explored genomic profiling in LCNEC. Zhuo et al. used next generation sequencing (NGS) to classify LCNEC as SCLC-like and NSCLC-like LCNEC (12), and treatment could be recommended based on genomic subtyping. Zhou et al. also provided the genomic landscape for LCNEC and indicated a group of gene alternations contained RUNX1, ERBB4, BRCA1, and EPHA3 (18), which may distinguish LCNEC from SCLC. Since the sample size was small (14 LCNECs and 10 SCLCs), more work should be undertaken in future investigations. Gene-based subtyping and further treatment options might emerge.

There are several limitations of the present study. First, the sample size was relatively small, and some data bias/missing may exist in a retrospective study; for instance, serum tumor markers were not detected in some patients for some unknown reasons, and we could not provide the missing part in present study, and the single-center samples with only Chinese ethnicity population involved in the present study may impede the capacity of obtaining robust conclusions to general populations; multicenter investigation in the future could be performed. Second, only resected patients were collected, and no advanced tumors were involved, then overview of LCNEC with different stages was difficult. Third, genomic and immune biomarkers such as PD-L1 information were insufficient. Since immunotherapy might be a choice in the future for LCNEC (19, 20), related immune markers should be investigated better.

In conclusion, LCNEC was a rare type of lung cancer with a high relapse rate. Our results demonstrated common driven gene mutants were scarce in LCNEC. Nodal (N) stage was associated with tumor recurrence and proved to be an independent prognostic factor for DFS, while OS significantly differed from different T stages. Serum positive CEA before surgery could be used for survival evaluation; besides, different adjuvant chemotherapies influenced the outcomes, with PE seemed a better choice. Perspective clinical trials were essential to provide a more confirmed conclusion, and deeper investigations of genomic/immune biomarker in LCNEC were also important.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by the Institutional Review Board (IRB) in ShangHai Chest Hospital [No. KS(Y)1982]. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conceptualization of the study was achieved by YS and BH. The research methodology was designed by YS, JX, and CL. Formal analysis of the data was conducted by YS, FH, and TC. Project administration was carried out by BH and XZ. The study resources were obtained by YS, JX and RZ. Software analysis of data and figures was conducted by YS and FH. In addition, supervision of the research was conducted by TC, XZ and BH. Writing the manuscript was carried out by YS and BH. Review and editing of the manuscript were carried out by TC and XZ. All authors contributed to the article and approved the submitted version.



Funding

This work was funded by the “Star of SJTU” plan Medical-Engineering cross fund of Shanghai Jiao Tong University (YG2019QNA48). The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2020.556194/full#supplementary-material

Supplementary Figure 1 | Over-all survival (OS) for surgical resected LCNEC with different adjuvant chemotherapy strategies.



References

1. Fasano, M, Della, CC, Papaccio, F, Ciardiello, F, and Morgillo, F. Pulmonary Large-Cell Neuroendocrine Carcinoma: From Epidemiology to Therapy. J Thorac Oncol (2015) 10:1133–41. doi: 10.1097/JTO.0000000000000589

2. Derks, JL, Hendriks, LE, Buikhuisen, WA, Groen, HJ, Thunnissen, E, van Suylen, RJ, et al. Clinical features of large cell neuroendocrine carcinoma: a population-based overview. Eur Respir J (2016) 47:615–24. doi: 10.1183/13993003.00618-2015

3. Varlotto, JM, Medford-Davis, LN, Recht, A, Flickinger, JC, Schaefer, E, Zander, DS, et al. Should large cell neuroendocrine lung carcinoma be classified and treated as a small cell lung cancer or with other large cell carcinomas? J Thorac Oncol (2011) 6:1050–8. doi: 10.1097/JTO.0b013e318217b6f8

4. Travis, WD. Advances in neuroendocrine lung tumors. Ann Oncol (2010) 21(Suppl 7):vii65–71. doi: 10.1093/annonc/mdq380

5. Travis, WD, Brambilla, E, Burke, AP, Marx, A, and Nicholson, AG. Introduction to The 2015 World Health Organization Classification of Tumors of the Lung, Pleura, Thymus, and Heart. J Thorac Oncol (2015) 10:1240–2. doi: 10.1097/JTO.0000000000000663

6. Asamura, H, Kameya, T, Matsuno, Y, Noguchi, M, Tada, H, Ishikawa, Y, et al. Neuroendocrine neoplasms of the lung: a prognostic spectrum. J Clin Oncol (2006) 24:70–6. doi: 10.1200/JCO.2005.04.1202

7. Jones, MH, Virtanen, C, Honjoh, D, Miyoshi, T, Satoh, Y, Okumura, S, et al. Two prognostically significant subtypes of high-grade lung neuroendocrine tumours independent of small-cell and large-cell neuroendocrine carcinomas identified by gene expression profiles. Lancet (2004) 363:775–81. doi: 10.1016/S0140-6736(04)15693-6

8. Cerilli, LA, Ritter, JH, Mills, SE, and Wick, MR. Neuroendocrine neoplasms of the lung. Am J Clin Pathol (2001) 116(Suppl):S65–96. doi: 10.1309/BPY4-VGTB-PATF-VUXU

9. George, J, Walter, V, Peifer, M, Alexandrov, LB, Seidel, D, Leenders, F, et al. Integrative genomic profiling of large-cell neuroendocrine carcinomas reveals distinct subtypes of high-grade neuroendocrine lung tumors. Nat Commun (2018) 9:1048. doi: 10.1038/s41467-018-03099-x

10. Zhang, JT, Li, Y, Yan, LX, Zhu, ZF, Dong, XR, Chu, Q, et al. Disparity in clinical outcomes between pure and combined pulmonary large-cell neuroendocrine carcinoma: A multi-center retrospective study. Lung Cancer (2020) 139:118–23. doi: 10.1016/j.lungcan.2019.11.004

11. Le Treut, J, Sault, MC, Lena, H, Souquet, PJ, Vergnenegre, A, Le Caer, H, et al. Multicentre phase II study of cisplatin-etoposide chemotherapy for advanced large-cell neuroendocrine lung carcinoma: the GFPC 0302 study. Ann Oncol (2013) 24:1548–52. doi: 10.1093/annonc/mdt009

12. Zhuo, M, Guan, Y, Yang, X, Hong, L, Wang, Y, Li, Z, et al. The Prognostic and Therapeutic Role of Genomic Subtyping by Sequencing Tumor or Cell-Free DNA in Pulmonary Large-Cell Neuroendocrine Carcinoma. Clin Cancer Res (2020) 26:892–901. doi: 10.1158/1078-0432.CCR-19-0556

13. Marx, A, Chan, JK, Coindre, JM, Detterbeck, F, Girard, N, Harris, NL, et al. The 2015 World Health Organization Classification of Tumors of the Thymus: Continuity and Changes. J Thorac Oncol (2015) 10:1383–95. doi: 10.1097/JTO.0000000000000654

14. Detterbeck, FC, Boffa, DJ, Kim, AW, and Tanoue, LT. The Eighth Edition Lung Cancer Stage Classification. Chest (2017) 151:193–203. doi: 10.1016/j.chest.2016.10.010

15. Naidoo, J, Santos-Zabala, ML, Iyriboz, T, Woo, KM, Sima, CS, Fiore, JJ, et al. Large Cell Neuroendocrine Carcinoma of the Lung: Clinico-Pathologic Features, Treatment, and Outcomes. Clin Lung Cancer (2016) 17:e121–9. doi: 10.1016/j.cllc.2016.01.003

16. Kim, KW, Kim, HK, Kim, J, Shim, YM, Ahn, MJ, and Choi, YL. Outcomes of Curative-Intent Surgery and Adjuvant Treatment for Pulmonary Large Cell Neuroendocrine Carcinoma. World J Surg (2017) 41:1820–7. doi: 10.1007/s00268-017-3908-8

17. Metro, G, Ricciuti, B, Chiari, R, Baretti, M, Falcinelli, L, Giannarelli, D, et al. Survival outcomes and incidence of brain recurrence in high-grade neuroendocrine carcinomas of the lung: Implications for clinical practice. Lung Cancer (2016) 95:82–7. doi: 10.1016/j.lungcan.2016.03.006

18. Zhou, Z, Zhu, L, Niu, X, Shen, S, Zhao, Y, Zhang, J, et al. Comparison of genomic landscapes of large cell neuroendocrine carcinoma, small cell lung carcinoma, and large cell carcinoma. Thorac Cancer (2019) 10:839–47. doi: 10.1111/1759-7714.13011

19. Qin, Y, Yu, M, Zhou, L, Jiang, L, and Huang, M. Durable response to combination radiotherapy and immunotherapy in EP-resistant lung large-cell neuroendocrine carcinoma with B2M and STK11 mutations: a case report. Immunotherapy-Uk (2020) 12(4):223–7. doi: 10.2217/imt-2019-0166

20. Mauclet, C, Duplaquet, F, Pirard, L, Rondelet, B, Dupont, M, Pop-Stanciu, C, et al. Complete tumor response of a locally advanced lung large-cell neuroendocrine carcinoma after palliative thoracic radiotherapy and immunotherapy with nivolumab. Lung Cancer (2019) 128:53–6. doi: 10.1016/j.lungcan.2018.12.006



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Shen, Hu, Li, Xu, Zhong, Zhang, Chu and Han. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical Features and Outcomes Analysis of Surgical Resected Pulmonary Large-Cell Neuroendocrine Carcinoma With Adjuvant Chemotherapy

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population

          



          		

            Data Extraction

          



          		

            Patient Follow-Up and Definition of End-Point

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Characteristics of Resected LCNEC Patients

          



          		

            Serum Tumor Biomarkers Level and Genetic Alternations Profiles of LCNEC

          



          		

            Outcomes Predictors With Univariate Analysis in LCNEC

          



          		

            Multivariate Analysis of Outcomes Predictors in LCNEC

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Relapse/progression patterns.

intrapuimonary

Brain metastasis

Bone metastasis
Lymph node metastasis
Death

Abdomen metastass
Liver

Pancreas

Adrenal gland
Abdominal cavity

Number (%)

9(208)
8(182)
5(11.4)
8(182)
9(205)

245
122)
122)
1@22)





OEBPS/Images/fonc-10-556194-g001.jpg
70

_ 2
* ]
53 2
113 L
s ]
o £ ]
? Z al
g s
8 2 3
H
2 ]
o 4o
a
°
b 2
2 s
s
w 2
s
8 ]
ol ]
° g o

= o.wmwmwo

<  [BNAINS 904-9529SIPUBOISd  ©  [BAIAINS 981j-85E8SIp JUSdId

Time (months)

Time (months)





OEBPS/Images/table3.jpg
Prognostic characteristics P value. OFS HR ss% .l Pvalue osHR ss% 1

T stage 015 151 086265 001 239 123453
N stage o019 153 107219 o1 326 076-13.96
M stage 026 058 o17-161 012 022 0035-1.45
Chemathorapy 043 081 047138 o027 030 010087
cen 028 158 069361 o000 420 1.14-15.49

NSE o077 119 037378 060 161 027-962





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2020.556194_cover.jpg
’ frontiers
in Oncology

Clinical Features and Outcomes
Analysis of Surgical Resected
Pulmonary Large-Cell
Neuroendocrine Carcinoma With
Adjuvant Chemotherapy





OEBPS/Images/table1.jpg
Characteristics

Gonder
Male
Femae
Age
260
<60
Smoking history
Yes
No
Missing
Primary tumor ocation
Left upper
Lot lower
Right upper
Right lower/midde
Tumor size (om)
>3
3
Tumor stage
'
[
"
Adjuvant chemotherapy strategy
PEM
PE
QP
CEA (g/m)
Positve (>5)
Negaive (<5)
SCC (ng/m)
Positve (>1.5)
Negative (s1.5)
OYFRA21-1(ng/m)
Positve (>5)
Negaiive (<5)
NSE (g/m)
Positve (>25)
Negative (<25)
CA125 (U/mi)
Posiive (>35)
Negative (<35)

Number (%)

84 (60.4)
10(106)

55(685)
915

35 07.2)
52(653)
708

20019
1
27287)
8017

608
34 @62)

31630
22(234)
41(36)

26(347)
21280)
2873

28(27.4)
61(726)

9(107)
75(893)

12(143)
72(857)

13(155)
71645

11(13.1)
73 (86.9)
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