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1. Introduction 

1.1. Epidemiology 

Lung cancer was the leading cause of cancer-related deaths in 2022, accounting for an 

estimated 1.8 million deaths. This represents 18.7% of all cancer types globally. Hungary 

had the highest incidence of respiratory malignancy among women, and this number has 

not decreased over the last decade. (1, 2) A commonly overlooked fact is that in Europe, 

these types of cancers are the second leading cause of maternal orphanhood (11-18%). 

(3) The loss of a parent has a profound and lasting negative impact on both the child and 

society. (4-6)  

The two main categories of lung cancer are described as: non-small cell lung cancer 

(NSCLC), which accounts for ≈80-85% of lung cancer cases, and small cell lung cancer 

(SCLC), which represents ≈10-15% of cases, although there are also some other rare 

categories of lung malignancies which can add upto ≈5%. (7, 8) SCLC has the worst 

prognosis, with a 5-year mortality rate of 90% or more. (9) A common histological origin 

of lung cancers, formed from the bronchial and bronchiolar epithelium, is known as 

Kulchitsky cells or neuroendocrine (NE) cells. (10) Nevertheless, the precursor cells of 

SCLC tumorigenesis differ, as SCLCs can occur from different cellular entities: NE cells, 

type 2 alveolar cells, tuft cells, and even epidermal growth factor receptor (EGFR)‐driven, 

ALK‐driven, or RET‐driven lung adenocarcinomas. (11) The recent 2021 WHO Lung 

cancer classification divided lung NE neoplasm (LNEN) into well-differentiated lung NE 

tumors (LNET) and poorly differentiated lung NE carcinomas (LNEC). LNET is further 

separated into typical carcinoid (TC) and atypical carcinoid (AC), while LNEC comprises 

large-cell neuroendocrine carcinoma (LCNEC) and SCLC. (12, 13) From another aspect, 

lung tumors can also be distributed as 20-25% NE tumors and 75% NSCLC. (14) Besides 

SCLC, LNENs are rare as TC accounts for around 1-2% of all lung cancers, while AC is 

the rarest with an incidence of less than 0.2%. The LCNEC and SCLC represent 2-3% 

and 10-15% of lung cancers, respectively. The incidence of TC, AC, and LCNEC has 

been increasing over the past decade. It is unclear, however, whether this trend is caused 

by improved clinical practice in diagnosis or we actually have a growing number of cases. 

The incidence of SCLCs are decreasing, probably resulting from a drop in smoking 

prevalence and improved prevention. (15-18) Disease progression and treatment response 

differ between each subtype due to their unique characteristics. (19) At the time of the 
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diagnosis, TC patients have a mean age of 45 years, with a higher prevalence in females, 

while AC patient’s mean age is between 55-60, with an equal gender distribution. LCNEC 

and SCLC are more frequent in the older, smoking male population, with a mean age of 

65-75. (20-22) TC is not directly linked with smoking, showing a different biological 

behavior compared to the other subtypes. On the other hand, AC is also strongly 

associated with smoking, alongside the previously mentioned LCNEC and SCLC. (20-

22) This constant carcinogen exposure leads to a high mutation rate, which inactivates 

tumor suppressor genes TP53 and RB1. These genetic alterations play a significant role 

in the development and aggressiveness of the tumor. (23-26) 

 

1.2. Biological properties and diagnosis 

LNENs are diverse. The subtypes differ in grade, appearance, mitotic activity, and 

necrosis. (27) TCs are well-differentiated NE tumors with a low grade and low 

proliferative activity by fewer than two mitoses per 2 mm2 or 10 high-power fields 

(HPFs). In contrast, AC has intermediate characteristics between TC and LNEC. ACs are 

still well-differentiated tumors but have higher mitotic activity, ranging from 2 to 10 

mitoses per 2 mm2  / 10 HPFs, and focal necrosis. LCNEC and SCLC are classified as 

LNEC, showing similar aggressive clinical features. LCNEC typically shows over 10 

mitoses per 2 mm2 / 10 HPFs, with a median count of 70, and extensive necrosis is present. 

SCLC is considered even more aggressive than LCNEC, with a higher median mitotic 

count of 80 per 2 mm2  / 10 HPFs, and presents extensive necrosis. (28) Necrosis and 

mitotic activity are one of the key measurements to differentiate between LNENs. A 

recent study addresses the fact that HPF is an outdated system. Mitoses should always be 

counted in regions of peak activity and recorded as the number of occurrences per 2 mm2. 

These findings have already been implemented in the newest WHO classification of lung 

tumors (2021). The classification range stayed the same, but the counting method and the 

unit of measurement changed. (12, 29) 

The Ki-67 index can be an effective tool for separating carcinoids from high-grade tumors 

such as SCLC and LCNEC, but its role in clinical practice is not well defined. (30-33)  

Patients with LNET often experience symptoms, including cough, hemoptysis, and 

pneumonia, which can result from the obstruction of the endobronchial pathway by 

centrally located tumors in 70% of LNET cases. Symptoms corresponding to serotonin 
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secretion, such as diarrhea, flushing, wheezing, carcinoid heart disease, or other 

hormonally active tumor products, are rarely observed (between 1%–3%). Cushing's 

syndrome is an even rarer condition. (14, 22, 34) 

Most importantly, LCNECs are asymptomatic, and paraneoplastic syndromes are rarely 

seen. (35) SCLC clinical signs are mostly related to its early metastatic capabilities and 

local tumor growth. In approximately 10% of SCLC patients, paraneoplastic syndromes 

are frequently observed (30) There are endocrine types (Syndrome of Inappropriate 

Antidiuretic Hormone Secretion (SIADH) and Cushing syndrome), neurologic types 

(Subacute Cerebellar Degeneration, Lambert-Eaton myasthenic syndrome, Cancer-

Associated Retinopathy), and hematologic types (anemia, leukemoid reaction, and 

Trousseau syndrome). (36, 37) The first positive findings usually occur on X-ray or CT 

imaging. The follow-up process mainly involves a PET-CT for LCNEC and SCLC and 

PET-CT with gallium-68 somatostatin analogues (SSAs) functional imaging for TC and 

AC. For further staging, an additional symptom-oriented workup should be carried out, 

such as an MRI for neurological symptoms. (33) 

 

1.3. Clinical features and treatment 

LNETs, specifically carcinoids, have a less aggressive nature. These lesions are typically 

well-differentiated and have a slow progression rate. TCs have a metastatic rate of 5-20%, 

while ACs can reach up to 50%. (34, 38, 39) The biological properties of these two tumors 

enable an effective surgical approach to their curative treatment, which is the “gold 

standard” in the early stages. In advanced metastatic cases, chemotherapy (ChT) and 

radiotherapy (RT) have little room to offer because carcinoids are generally not sensitive 

to these base treatments. (40) Meanwhile, LCNECs and SCLCs have a more aggressive 

clinical presentation; SCLC is even considered one of the most aggressive cancerous 

diseases. (41, 42) The key points to its invasiveness are rapid growth, early metastasis 

capability, and treatment resistance. (43) The initial diagnosis of these malignancies 

commonly reveals a high frequency of lymph node (LN) involvement (60%–80%) and 

distant metastases (40% in LCNEC and 60-70% in SCLC). (35) LNENs extrathoracic 

metastases are mostly found in the liver, brain, bone, and adrenal glands.(11, 14)  

As mentioned before, the primary therapy for the early stages of these diseases is surgical 

resection, theoretically even for SCLC. The most frequently used technique is lobectomy 
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or sleeve resection; pneumonectomy should be avoided in most cases. (44) The final 

histological results determine its metastatic profile and LN involvement, which may 

indicate additional ChT or RT. Systematic nodal dissection is highly advisable and should 

be executed according to the national guidelines. (45, 46) Staging is acquired from the 

newest International Association for the Study of Lung Cancer (IASLC) 9th TNM 

classification. The previous version, TNM8, was used for around 7 years. (47-49) SCLC 

needs another staging approach. There are two categories regarding tumorous 

progression: limited-stage disease is localized to the ipsilateral hemithorax, whereas in 

the case of extensive-stage disease, the tumor has already spread beyond the ipsilateral 

hemithorax and includes clinical scenarios where malignant pleural or pericardial 

effusion or hematogenous metastases are present. (50) Patients with limited-stage disease 

are 30-40% of diagnoses, while extensive-stage disease is 60-70%. Regardless of the 

stage of SCLC, multimodality treatment is necessary with ChT and RT, and in early cases 

with appropriate patient selection, surgery can also be performed. (51, 52) The therapy 

for SCLC had no significant changes for nearly four decades. (53, 54) Cytotoxic agents 

are still the core of the non-surgical treatment of LNEN, typically administered in at least 

four cycles as part of a combination regimen using either cisplatin and etoposide or 

carboplatin and etoposide, or temozolomide and capecitabine.(55) (46)  

RT is used in LN metastases, local control and preventing or treating brain metastases. 

(56)  

Some patients might show symptoms associated with excessive hormone production as a 

paraneoplastic syndrome. Each syndrome is linked to a specific hormone: carcinoid 

syndrome is associated with the secretion of serotonin, Cushing's syndrome is associated 

with the secretion of adrenocorticotropic hormone, and acromegaly is associated with the 

secretion of growth hormone-releasing hormone. (57) In approximately 7-16% of SCLC 

cases SIADH is also observed. Its severity is directly proportional to the prognosis of 

these patients. (58, 59) The two most used somatostatin analogues (SSA), octreotide and 

lanreotide, were first admitted to surpass these syndromes, but clinical trials in advanced 

slowly progressive gastroenteropancreatic NE tumors showed an additional 

antiproliferative effect, which had a positive impact on progression-free survival (PFS) 

(41) The agent’s positive effect diminshed in the use of lung carcinoids (60) Everolimus 

showed some promising results in advanced lung NE tumors considering PFS and 
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pharmagological safety. (61, 62) In unresectable or metastatic cases, the guidelines 

recommend using SSAs as a first-line treatment for TC and slowly progressing 

somatostatin receptor-positive LC. For AC, everolimus is recommended as a first-line 

option. When we have progression after SSA treatment, we must consider everolimus for 

both TC and AC cases. Although modern therapy has provided a significant breakthrough 

in the treatment of human lung cancer in the last decade, progress in treating some of its 

subtypes has been slower. (63-66) Immunotherapy has limited to no indication in LNET, 

while showingn promising results in the treatment of SCLC. (46) Multiple clinical trials 

have demonstrated that immune checkpoint inhibitors, particularly when combined with 

chemotherapy, can significantly improve overall survival (OS) and PFS in extensive-

stage SCLC. (67, 68) The use of immunotherapy for limited-stage SCLC is still not well 

defined, but recent wordwide data underscore the benefical role of immune checkpoint 

inhibitors in the management of recurrent SCLC. (69, 70) 

 

1.4. SCLC molecular profile 

SCLC has been categorized as a NE malignancy. The classic form of SCLC has unique 

cell morphology, strong NE marker expression, and a non-adherent growth pattern in cell 

cultures. (71, 72) Based on these properties, SCLC has been classified further into High-

NE and Low-NE phenotypes. (73) High-NE tumors usually form irregular floating 

clusters, with some cells adhering in vitro, and their cell lines show a "classic" phenotype 

with small cells with unclear borders, "salt and pepper" chromatin, and small nucleoli. 

Low-NE tumors have loosely attached or semi-attached groups of cells, slightly larger 

cells with clear borders, and prominent nucleoli. In these types, there are fewer NE 

features and more inflammatory cells. (74, 75) 

SCLC in a clinical setting is currently considered a uniform disease. Recent preclinical 

progress has shown different main types within an underlying molecular heterogeneity, 

which are inferior subtypes to the High-NE and Low-NE groups. (76) These biologically 

subtypes are based on the expression of transcription factors: Achaete-Scute Homologue 

1 (ASCL1) SCLC-A subtype, Neurogenic differentiation factor 1 (NEUROD1) SCLC-N 

subtype, and POU class 2 hoemobox 3 (POU2F3) SCLC-P subtype, as well as on 

inflammatory characteristics (SCLC-I subtype). (77) 
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SCLC-A and SCLC-N are the two predominant subtypes. (78) 40-50% of SCLC cases 

are SCLC-A subtype with unique structural characteristics, NE profile, and l-myc 

oncogene (myc) amplification. Meanwhile, the SCLC-N subgroup is characterized by a 

low-level NE pattern, with c-myc amplification. (24, 79) 

In some tumors SCLC-AN subtype is seen, where ASCL1 and NEUROD1 proteins are 

both highly expressed. This condition is a transitional state, which is a linear one-way 

process. SCLC-A is a precursor to SCLC-AN, and SCLC-AN is a precursor to SCLC-N. 

(24, 80-82) 

Recent data suggests that SCLC-P, stands out from the previously mentioned subtypes. 

POU2F3 is an essential regulator in the NE-low subtypes of SCLC. POU2F3 dominant 

tumors and cell lines are missing typical NE markers, and instead, express tuft cell lineage 

markers and affect cell identity. (83) This higher expression is linked to a significantly 

better prognosis for recurrence-free survival. (84) Besides SCLC, basaloid squamous cell 

carcinoma is the only cancer type where POU2F3 expression is found. (85) SCLC-I was 

previously classified as an SCLC-Y subtype defined by the expression of the Yes-

associated protein 1 (YAP1). Later, validation studies have failed to distinguish a unique 

SCLC-Y subtype in human tissue samples. These tumors can not be described by either 

of the previously mentioned transcription factors. We call them an immune cell (IC) -

rich, inflamed phenotype. (11) 

SCLC subtype landscape is complex with high tumor plasticity and heterogeneity. A 

predominant subtype does not necessarily define the whole tumor. The cells either express 

specific markers for their subtype or have a silent phenotype. These cells can be mixed or 

found in separate nests within the tumor. (11, 54, 76) According to this behaviour, a recent 

study explored the NE phenotypes of primary SCLC and their corresponding LN 

metastases, revealing significant intertumoral heterogeneity. Through cluster analysis, 

distinct High-NE and Low-NE subtypes were clearly delineated, and in some cases 

notable changes in NE characteristics were observed between primary and LN metastatic 

lesions. These results show the complexity of SCLC and indicate that the NE profile of 

LN metastases may not fully represent the primary tumors’ (PT) properties, which can 

misguide diagnosis and treatment. (86)  
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2. Objectives 

In our first study, we investigated the spatial heterogeneity of SCLC between PTs and 

corresponding LN metastases, whereas our second study aimed to assess the key 

differences in the immunological profiles of LNENs (SCLC, LCNEC and AC). 

 

2.1. Investigating Inter-tumoral Heterogeneity in SCLC 

Our objective was to explore the inter-tumoral heterogeneity between SCLC PTs and their 

corresponding LN metastases using surgically resected representative tissue samples. 

Following the pathological preparations, we analyzed RNA-Seq and IHC data to identify 

unique molecular and cellular characteristics. Additional statistical tests were used to 

compare the differences between the PTs and matched LNs metastases. This research 

should provide insights into the extent of inter-tumoral heterogeneity and tumor plasticity 

in SCLC. The study was conducted by the Helsinki Declaration of the World Medical 

Association and received approval from the Hungarian Scientific and Research Ethics 

Committee of the Medical Research Council (ETT-TUKEB-7214-1/2016/EKU). 

 

2.2. Analysis of Immunophenotypic Differences in Neuroendocrine Lung Neoplasm 

Our second study focused on intermediate-grade (AC) and high-grade (SCLC and 

LCNEC) NE lung cancers and their immunophenotypic differences, using IHC methods. 

The cohort involved four European centers. Statistical tests were used to assess 

differences in the expression levels of immune markers. The study was approved by the 

national-level ethics committee of Hungary, by the Hungarian Scientific and Research 

Ethics Committee of the Medical Research Council (ETT TUKEB 39249–2/2019/EKU 

and 52614–4/). Our findings may have diagnostic significance for these highly aggressive 

tumor types and could aid in designing and implementing novel immunotherapeutic 

clinical trials. 
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3. Methods 

3.1. Investigating Inter-tumoral Heterogeneity in SCLC 

3.1.1. Study population and treatment 

This study involved 32 patients with SCLC who had LN metastasis and underwent 

surgical resection between 1978 and 2013 at the National Korányi Institute of 

Pulmonology in Budapest, Hungary. PTs and their corresponding LN metastases were 

collected during surgery. We retrospectively retrieved clinicopathological data, including 

gender, age at the time of surgery, smoking history, surgical parameters, and survival data 

from medical records and the Central Statistical Office of Hungary. All identifying 

information was removed after clinical data collection, making it impossible to directly 

or indirectly identify patients. Due to the study's retrospective design, the requirement for 

individual informed consent was waived. 

The therapeutic strategies were implemented following the current National 

Comprehensive Cancer Network (NCCN) guidelines. Surgical procedures included 

anatomic resections, such as lobectomy or pneumonectomy, and wedge resections. When 

indicated, adjuvant ChT was administered using either a platinum-etoposide doublet 

regimen or a combination of cyclophosphamide, epirubicin, and vincristine. Notably, 

none of the patients in this study received immunotherapy. 

 

3.1.2. Ribonucleic acid (RNA) expression analysis 

FFPE tissue samples from PTs and corresponding LNs metastases were macrodissected 

for molecular analysis. RNA expression profiling was conducted using the HTG EdgeSeq 

Targeted Oncology Biomarker Panel (HTG Molecular Diagnostics Inc., Tucson, AZ, 

USA), enabling simultaneous and quantitative detection of 2,560 genes associated with 

tumor biology. This targeted RNA expression assay employs a nuclease protection 

method involving the hybridization of target RNA to a complementary deoxyribonucleic 

acid probe followed by single-strand nuclease treatment. The panel was specifically 

designed to identify well-established cancer-specific therapeutic targets and markers of 

drug response. Assay validation was performed using appropriate positive and negative 

controls. 
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3.1.3. Tissue processing and IHC 

Before enrolment, all hematoxylin and eosin (H&E)-stained slides were re-evaluated by 

a board-certified pulmonary pathologist to confirm the diagnosis of SCLC. Quality 

control of older blocks was achieved within our previous study framework by performing 

confirmatory IHC staining with routinely used diagnostic antibodies. (81) Tissue 

microarray (TMA) construction was performed at the University of Colorado, Denver 

(Aurora, CO, USA), as previously described. (87) Notably, two 1-mm tissue punches 

were taken from each donor tissue block and placed into a recipient paraffin block in a 

positionally encoded array format (MP10 1.0-mm tissue punch on a manual TMA 

instrument, Beecher Instruments). Tissue cores were retrieved from the most viable tumor 

areas defined on H&E-stained slides. In addition to subtype markers (ASCL1, 

NEUROD1, POU2F3, and YAP1), the expression of the following clinically relevant 

proteins were also evaluated: CD47, c-myc, l-myc, delta-like ligand 3 (DLL3), enhancer 

of zest homolog 2 (EZH2), lysine-specific demethylase 1 (LSD1), mammalian target of 

rapamycin proteins (mTOR), PD-L1, and phosphoinositide 3-kinase (PIK3). Concerning 

IHC staining, after deparaffinization and rehydration of the four µm-thick sections, slides 

were heated for 20 minutes in either 10 mM citrate buffer (pH 6.0) or 10 mM Tris-EDTA 

buffer (pH 9.0) according to antibody protocols. Slides were incubated in a 0.3% 

hydrogen peroxide (H2O2) solution to reduce background staining. Signal amplification 

was performed according to the manufacturer’s recommendation of the Novolink TM 

Polymer Detection System kit from Leica Biosystems (RE7150-K; Wetzlar, Germany), 

followed by antibody incubation at room temperature for one hour. The used antibodies 

are listed in Table 1. Antibody binding was detected with the ImmPACT 3-3′-

diaminobenzidine (DAB) substrate Kit from Vector Laboratories (NC9567138; Newark, 

CA, USA). Nuclei were counterstained using hematoxylin. All antibodies were validated 

with appropriate tissue controls. IHC-labeled and H&E-stained slides were digitally 

scanned using PANNORAMIC 250 Flash III (3DHISTECH Ltd., Budapest, Hungary); 

sections were evaluated with CaseViewer 2.4 (3DHISTECH Ltd., Budapest, Hungary). 

The expression level of the given marker was examined blinded to clinical data by two 

experienced independent pathologists, and the staining index (percentage of TCs showing 

positive staining reported to all TCs) was determined. 
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Table 1. Antibodies used for IHC. 

 COMPANY 
CATALOG 

NR. 
HOST  

ANTIGEN 

RETRIEVAL 

ASCL1 
BD Pharmigen; 

Berkshire, UK 

556604 Mouse 1:50 Citrate (pH=6.0) 

NEURO

D1 

Abcam;  

Boston, MA, USA 

ab213725 Rabbit 1:100 Tris-EDTA 

(pH=9.0) 

POU2F3 

Santa Cruz 

Biotechnology; 

Dallas, TX, USA 

cs-293402 Mouse 1:100 Citrate (pH=6.0) 

YAP1 

Cell Signaling 

Technology; 

Leiden,  

The Netherlands 

49125 Rabbit 1:200 Citrate (pH=6.0) 

EZH2 

Cell Signaling  

Technology;  

Leiden,  

The Netherlands 

5246S Rabbit 1:50 Citrate (pH=6.0) 

DLL3 
Abcam;  

Boston, MA, USA 

ab103102 Rabbit 1:100 Tris-EDTA 

(pH=9.0) 

PIK3CA 
Bioss;  

Woburn, MA, USA 

bs-2067R Rabbit 1:400 Citrate (pH=6.0) 

MTOR 
Abcam;  

Boston, MA, USA 

ab32028 Rabbit 1:400 Citrate (pH=6.0) 

LSD1 
Abcam;  

Boston, MA, USA 

ab17721 Rabbit 1:200 Tris-EDTA 

(pH=9.0) 

TIGIT 
Abcam;  

Boston, MA, USA 

ab243903 Rabbit 1:100 Tris-EDTA 

(pH=9.0) 

CD47 
Sigma-Aldrich; 

St. Louis, MI, USA 

HPA044659 Rabbit 1:100 Tris-EDTA 

(pH=9.0) 

PD-L1 Abcam;  

Boston, MA, USA 

ab205921 Rabbit 1:500 Citrate (pH=6.0) 
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C-MYC Abcam;  

Boston, MA, USA 

ab32072 Rabbit 1:100 Tris-EDTA 

(pH=9.0) 

L-MYC Thermo Fisher  

Scientific;  

Waltham, MA, USA 

PA5-41114 Rabbit 1:200 Tris-EDTA 

(pH=9.0) 

BCL-2 Leica Biosystems;  

Wetzlar, Germany 

PA0117 Mouse 1:100 Tris-EDTA 

(pH=9.0) 

 

3.1.4. Statistical analysis 

RNAseq data was quantified as “normalized counts per million (CPM),” measuring the 

number of sequenced fragments aligning to a specific gene out of 1 million sequenced 

reads, normalized with the length of the gene. The initial analysis of RNAseq results was 

performed automatically by the default processing pipeline utilized by the HTG EdgeSeq 

Targeted Oncology Biomarker Panel. Subsequent investigations were based on the 

resulting normalized CPM values. Fold-changes (FC) between the expression levels of 

LN metastases and PTs were calculated by dividing the expression (normalized CPM or 

IHC positivity) of the given gene/protein in the LN sample by the expression level of the 

same gene/protein in the PT sample of the same patient. The log2-transforms of these 

ratios are shown in the figures. Expression levels across different sample origins (PTs and 

LNs metastases) were compared with t-tests and Wilcoxon signed-rank tests. Correction 

for multiple testing was performed using the Holm method. Correlations between 

expression levels measured with the two experimental protocols (IHC staining vs. 

RNAseq) were assessed by calculating the Pearson correlation coefficients and the 

corresponding p-values. Hierarchical clustering of samples based on expression levels 

was performed with the Complex Heatmap R package (version 2.10.0). The distance 

matrix was calculated using Euclidean distance measures, and the dendrograms were 

created using the ward D clustering method. To determine whether PTs and LN 

metastases are linearly separable in the expression space of the genes and proteins of 

interest, principal component analysis (PCA) was performed with the facto extra R 

package (version 1.0.7). Before PCA, expression levels were centered and scaled to have 

zero mean and unit variance. All statistical analyses were performed in R version 4.2.1 

(R Foundation for Statistical Computing, Vienna, Austria). 
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3.2. Analysis of Immunophenotypic Differences in Neuroendocrine Lung Neoplasm 

3.2.1. Study population and treatment 

The primary study was divided into two cycles, NE1 and NE2 study.  

The first stage (NE1) was a two-center retrospective study, which included 85 Caucasian 

patients with histologically confirmed LNENs. These patients had a surgical resection at 

either the National Korányi Institute of Pulmonology or the National Institute of 

Oncology in Budapest, Hungary, between 2000 and 2020. Among these patients, 26 were 

diagnosed with AC, 30 LCNEC, and 29 SCLC. Clinical and pathological data, including 

age at diagnosis, gender, comorbidities, and smoking history, were collected 

retrospectively from medical records. Survival outcomes were obtained from the National 

Health Insurance Office and the Central Statistical Office of Hungary. Only patients with 

comprehensive clinicopathological data and sufficient FFPE tumor tissue were included. 

Additionally, 10 TC samples were incorporated into the study for comparative analysis 

with AC samples. The requirement for individual informed consent was waived due to 

the study's retrospective nature. Patient identifiers were removed after data collection to 

prevent direct or indirect identification. All patients underwent lung resection surgery, 

including lobectomy or wedge resection, and platinum-based adjuvant ChT was 

administered when necessary. Systemic therapy followed the current NCCN guidelines 

in both institutions. 

3.2.2. IHC 

Tumor tissue samples were obtained through surgical resection and examined by a board-

certified pathologist using routine diagnostic protocols and IHC staining for markers such 

as Chromogranin A, Synaptophysin, CD56, Syntaxin, and Ki-67. To ensure diagnostic 

accuracy and exclude mixed histology cases, all H&E-stained slides were independently 

reviewed before inclusion. Tissue sections were analyzed for 15 immunological markers 

(PD-L1, PD-1, CD3, CD4, CD8, CD27, CD47, Indolamine 2,3-dioxygenase (IDO), 

inducible T-cell costimulator (ICOS), CD70, CD137, CD40, CD94/NK Group 2 Member 

A (NKG2A), lymphocyte-activation gene 3 (LAG3), and tumor necrosis factor receptor 

superfamily, member 4 (OX40), which are potential immunotherapy targets. (88-92)  

After deparaffinization and rehydration, tissue sections were treated with a 3% H2O2 

solution for 20 minutes to minimize nonspecific background staining. Following this, 
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samples were heated to 98°C in a 10 mM Citrate buffer (pH 6.0) or a 10 mM Tris-EDTA 

buffer (pH 9.0) for 40 minutes, according to the manufacturer’s guidelines. The slides 

were then incubated at room temperature with Ultra V Block (Ultravision LP detection 

system, Lab Vision Corporation, Thermo Fisher Scientific Inc., Pittsburgh, MA, USA) 

for 5 minutes, followed by overnight incubation with primary antibodies at 4°C. 

Immunoreactions were visualized using the UltraVision LP detection system and stained 

with DAB, followed by hematoxylin counterstaining. The slides were digitally scanned 

using the PANNORAMIC 250 Flash III system (3DHISTECH Ltd., Budapest, Hungary) 

and analyzed using CaseViewer 2.4 software (3DHISTECH Ltd., Budapest, Hungary). 

Pathological evaluation was performed by averaging the percentage of positive cells 

across ten randomly selected areas, assessed independently by two pathologists at 20x 

and 40x magnification. A third senior lung pathologist reviewed the slides to see if the 

scores differed by more than 20%. Separate scoring was conducted for tumors and ICs, 

with the proportion of positive cells calculated relative to the total tumor and IC 

populations, including the overall immune infiltrates in each sample. 

 

Manual analysis was chosen over computational methods because the antibodies studied 

are not yet commonly used in clinical diagnostics, and existing software is primarily 

designed for standard diagnostic antibodies. Furthermore, the study lacked the extensive 

datasets needed to train AI-based algorithms effectively. 

 

3.2.3. Statistical analysis 

Statistical analyses were performed using R version 4.0.5 (R Foundation for Statistical 

Computing, Vienna, Austria). P-values of < 0.05 were considered statistically significant. 

The Bonferroni correction was applied in some instances to compensate for multiple tests. 
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4. Results 

4.1. Investigating Inter-tumoral Heterogeneity in SCLC 

4.1.1. Patient and sample characteristics 

The study included 32 surgically treated patients with histologically confirmed SCLC. 

The median age of the patients was 58 years (range: 34–78), with 22 male participants. 

All patients were of Caucasian descent. The median OS was 20.7 months, while the 

median disease-free survival was 14.9 months. 

 

4.1.2. Comparative expression analysis of molecules of interest 

Figure 1 provides an overview of RNAseq data highlighting differences in gene 

expression between PTs and corresponding LN metastases. After correcting for multiple 

testing and applying a log2 fold change (log2-FC < 0) threshold, the five most 

significantly downregulated genes in LN metastases compared to PTs were PGC, FIGF, 

ROS1, CFTR, and TMPRSS2. Notably, the molecules of interest for this study showed 

no significant differences in RNA expression levels between PTs and LN metastases 

(Figure 2A and Figure 1). Protein-level expression patterns were subsequently evaluated 

using IHC. As shown in Figure 2B, DLL3 expression was significantly higher in PTs than 

in LN metastases (p = 0.008). Similarly, the mean expression levels of CD47, LSD1, 

mTOR, and POU2F3 were higher in PTs, though these differences were not statistically 

significant. Conversely, NEUROD1 expression was significantly lower in PTs compared 

to LN metastases (p < 0.001), while c-myc expression showed a non-significant reduction 

in PTs. Representative IHC images illustrating the expression of each marker in PTs and 

LN metastases are provided in Figure 3. 
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Figure 1. Volcano plot of gene expression differences between PTs and LN 

metastases. Each dot represents a single gene. Non-significantly differentially expressed 

genes are represented with grey dots. Genes of interest are labeled black. Genes with 

significant differential expressions after correction for multiple testing are labeled with 

blue (down-regulated in LNs) or red (up-regulated in LNs).  
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Figure 2. Expression pattern of genes (A) and proteins (B) of interest in SCLC 

primary tumors (PTs) and lymph node (LN) metastases. The p-values were calculated 

using t-tests (A) and paired Wilcoxon signed-rank tests (B). For multiple correction 

testing, the Holm method was applied. DLL3 expression was significantly higher in the 

PTs than in the LN metastases, whereas NEUROD1 expression was substantially lower 

in the primary lesions (vs. LN metastases). Results significant after correction are marked 

with an asterisk (*). 
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Figure 3. IHC stainings of FFPE primary and LN metastatic SCLC samples with 

subtype markers and other proteins of interest. The representative images were 

captured with a 20x objective lens. The positive cells were visualized with DAB, and the 

nuclei were labeled with hematoxylin. The top left row corresponds to the routine H&E-

staining. 

 

4.1.3. Correlation between expression levels as defined by RNA expression analysis 

and IHC 

A moderate to weak correlation was observed between RNA expression data and IHC 

results. No correlation was found for the expression of YAP1, c-myc, DLL3, EZH2, l-

myc, LSD1, mTOR, and PIK3 across the two datasets. However, a moderate positive 

correlation was identified for CD47 (R = 0.316; p = 0.020) and PD-L1 (R = 0.585; p < 

0.001) expression, as illustrated in Figure 4. 
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Figure 4. Protein and gene expression data correlate as defined by IHC and RNA 

expression analysis. Colors indicate sample type (PT: primary tumor, LN: lymph node 

metastasis). R indicates the Pearson correlation coefficient, and p shows the 

corresponding p-value. Statistically significant results are marked with an asterisk (*). 

 

4.1.4. Hierarchical clustering and PCA of expression levels 

Next, we explored whether protein expression patterns could differentiate between PTs 

and LN metastases. As shown in Figure 5A, while cluster analysis identified two distinct 

subgroups with differing protein expression profiles, these clusters did not align with the 

site of origin. Notably, the transcription factor YAP1 consistently exhibited low 

expression levels across all sample types. In contrast, TIGIT, an immune checkpoint 

involved in immune suppression, was overexpressed in most primary and LN metastatic 

tumors. Interestingly, mTOR and DLL3, emerging as potential therapeutic targets in 

SCLC, showed variable expression levels among tumors. PD-L1 expression was 

generally low, with few exceptions. 

 

PCA (Figure 5B) revealed that the first three principal components accounted for 47.4% 

of the variance in the data. Only a modest separation between PTs and LN metastases was 

observed when projecting the samples onto the space defined by the first two principal 

components. This suggests that protein expression levels, as determined by IHC, cannot 
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reliably distinguish between samples of different origins. Similarly, RNA expression data 

failed to classify samples based on their site of origin (Figure 6). 

 

Figure 5. Hierarchical clustering (A) and principal component (PC) analysis (B) of 

primary tumors (PTs) and lymph node (LN) metastases based on the tumor cell 

expression of proteins of interest. (A) The color of the bars on the top of the heatmap 

indicates the sample type. Heatmap colors correspond to IHC staining positivity, defined 

as the ratio of positive cells. The hierarchical clustering of samples cannot effectively 

differentiate between PTs and LN metastases based on the expression pattern of proteins 

of interest. (B) The panels show the samples projected to the subspaces the first three PCs 

spanned. Colors indicate sample type. The percentage of variance each PC explains is 

displayed in the axis labels. Arrows indicate the direction of the protein expression levels 

in the subspaces. IHC expression levels of the investigated proteins alone cannot 

distinguish between samples of different origins. 
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Figure 6. Hierarchical clustering (A) and principal component (PC) analysis (B) of 

primary tumors (PTs) and lymph node (LN) metastases based on RNA expression 

of molecules of interest. Using the RNA expression data of YAP1, CD47, c- myc, DLL3, 

EZH2, l-myc, LSD1, mTOR, PD-L1, and PIK3 samples could not be classified according 

to their site of origin. 

 

4.1.5. Comparative IHC analysis reveals molecular subtype change between PTs 

and corresponding LN metastases. 

Differential expression analysis of subtype-defining proteins identified five major SCLC 

subgroups across the tumor samples. As shown in Figure 7, these subgroups included 

SCLC-A, SCLC-AN, SCLC-N, SCLC-P, and the previously proposed quadruple-

negative SCLC subtype (SCLC-QN), which was characterized by low expression of all 

four transcriptional regulators (ASCL1, NEUROD1, POU2F3, and YAP1). However, no 

distinct YAP1-defined subtype was identified through cluster analysis. Most samples 

(61%) exhibited a NE phenotype, encompassing the SCLC-A, SCLC-AN, and SCLC-N 

subgroups. Next, we investigated whether the subtype of PTs matched that of their 

corresponding LN metastases or if there were notable differences in subtype-defining 
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protein expression. The analysis revealed that LN metastases often differed from their PT 

counterparts, with primary and metastatic lesions frequently clustering into different 

subgroups (Figures 7 and 8). Molecular subtype changes were observed in 21 cases. Most 

commonly, SCLC-QN PT transitioned to SCLC-AN (n=5) or SCLC-N (n=5) in their LN 

metastases. Other changes included transitions from SCLC-A to SCLC-AN (n=4), SCLC-

N (n=1), or SCLC-QN (n=3). Interestingly, the majority of SCLC-AN PTs retained their 

subtype during metastatic spread, with only one case switching to SCLC-N. Notably, 

none of the PTs exhibited an SCLC-N subtype, yet it was the second most common 

subtype in LN metastases. Both SCLC-P PTs transitioned to SCLC-N in their LN 

metastases. 

 

Figure 7. Molecular subtypes of surgically resected PTs and LN metastases as 

defined by IHC. Hierarchical clustering of primary tumors (PTs) and lymph node (LN) 

metastases revealed five distinct SCLC subgroups: SCLC-A, SCLC-N, SCLC-AN, 

SCLC-P and SCLC-QN. The color of the bars on the top of the heatmap indicates the 

sample type. Heatmap colors correspond to IHC staining positivity, which is defined as 

the ratio of TCs showing positive staining. PTs and their corresponding LN metastases 

frequently cluster in different subgroups. 
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Figure 8. Molecular subtypes of SCLC PTs and their corresponding LN metastases. 

Blue cells indicate no subtype change between the two samples of different origins (y-

axis: primary tumor, x-axis: LN metastasis), while red marks a change in the molecular 

subtype. The number of patients affected and not affected by subtype change is shown in 

the corresponding cells. The most common changes include SCLC-A to either SCLC-AN 

or SCLC-QN, and SCLC-QN to either SCLC-AN or SCLC-N. Interestingly, SCLC-AN 

PTs tended to have the same subtype in their LN metastasis. None of the LN metastases 

had SCLC-P subtype, despite two SCLC-P PT. 

 

4.2. Analysis of Immunophenotypic Differences in Neuroendocrine Lung Neoplasm 

4.2.1 Clinicopathological characteristics and survival outcomes of included patients 

Patient characteristics categorized by their tumor’s histological type are detailed in Figure 

9A. Notably, PTs location was precisely determined based on bronchoscopic 

visualization, as bronchoscopy reports were available for all patients. Regarding the 

relationship between clinicopathological factors and survival outcomes, our univariate 

analysis revealed that lung cancer subtype (log-rank p = 0.059), vascular involvement 
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(log-rank p = 0.0049), and diabetes as a comorbidity (log-rank p = 0.021) significantly 

impacted overall survival (OS) (Figure 9B).  
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Figure 9. (A) Relevant associations between histological types and clinical 

parameters. The horizontal axis shows the investigated clinical variables, whereas 

the number of samples is displayed on the vertical axis. AC tumors occur more 

frequently in never smokers (vs. former or current smokers) and in non-COPD patients. 

LCNEC and SCLC tumors tend to be peripherally located and have higher tumor grades 

than ACs (this latter association remained statistically significant even after multiple 

testing corrections). (B) Kaplan-Meier survival estimates according to 

clinicopathological parameters. SCLC tumor type, vascular involvement, high 

histological grade, and the presence of diabetes were associated with impaired OS. AC, 

atypical carcinoid; LCNEC, large cell neuroendocrine carcinoma; COPD, chronic 

obstructive pulmonary disease; SCLC, small-cell lung cancer; OS, overall survival. 

 

4.2.2 The impact of tumor immune microenvironment (TIM) on survival outcomes 

in LNEN patients 

Patients were categorized into low- and high-expression groups for each immune-related 

marker using the median value as the cutoff. Univariate Kaplan-Meier survival analysis 

indicated a trend toward worse OS in patients with high CD47-expressing tumors 

compared to those with low expression (log-rank p = 0.096). Conversely, high tumor cell 

CD40 expression was linked to better survival outcomes (log-rank p = 0.052; Figure 

10A). For immune-related markers in ICs, high CD137 expression was significantly 

associated with improved OS (log-rank p = 0.0096, Fig. 4B). In contrast, high IC ICOS 

expression was associated with poorer survival outcomes (log-rank p = 0.045, Figure 

10B). Borderline significance was observed for IC-based expression of CD8 and LAG3 

concerning OS (Figure 10B), with high CD8 expression showing a trend toward worse 

OS (p = 0.083) and high LAG3 expression suggesting a trend toward improved OS (p = 

0.15). When analyzing SCLC and LCNEC samples separately, none of the tumor cell 

marker expressions significantly affected OS in the univariate analysis (Figure 11A). 

However, in ICs, significant survival differences were observed for PD-1 (p = 0.048), 

CD27 (p = 0.0043), LAG3 (p = 0.023), CD4 (p = 0.059), CD137 (p = 0.064), and the 

extent of immune infiltration (p = 0.021) (Figure 11B). 
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Figure. 10. Kaplan-Meier estimates for OS concerning the expression pattern of 

immune-related markers by TCs (A) and immune cells (B). ICs, immune cells; OS, 

overall survival; TCs, tumor cells.  
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Figure 11. Effect of the expression pattern of immune-related markers on overall 

survival for LCNEC and SCLC. Kaplan-Meier estimates for OS concerning the 

expression pattern of immune-related markers by TCs (A) and immune cells (B).  OS, 

overall survival. 

 

4.2.3 Multivariate Cox-regression model for OS 

A multivariate Cox regression analysis demonstrated that only age (p = 0.008) and 

vascular involvement (p = 0.012) independently affected OS across all three histological 

subtypes. Accordingly, older patients and those with vascular involvement experienced 

poorer survival outcomes (Figure 12A). Interestingly, when the analysis was restricted to 

LCNEC and SCLC patients, age remained an independent prognostic factor (p = 0.05), 

while the prognostic significance of vascular involvement was borderline (p = 0.06) 

(Figure 12B). Notably, none of the immune-related markers that were significant in the 

univariate models retained their significance in the multivariate analysis (Figure 12A and 

B). 

 

 

Figure 12. Multivariate Cox-regression model for OS including AC, LCNEC, and 

SCLC (A) or only LCNEC and SCLC (B). The outcomes are presented as hazard ratios 

(HR) and their corresponding 95% confidence intervals (CI). N indicates the number of 

samples in each category. P-values show the significance of the associations. lc_subtype, 

lung cancer_subtype; TC, tumor cell; IC, immune cell; AC, atypical carcinoid; LCNEC, 

large cell neuroendocrine carcinoma; SCLC, small cell lung cancer; IF, immune 

infiltration 
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4.2.4 Correlation between the expression patterns of immune-related markers 

defined by TCs and ICs 

Figure 13 illustrates the statistically significant correlations between the evaluated 

markers and the overall abundance of immune infiltrates. Notably, tumor cell PD-1 

expression correlated with CD70 expression in both immune and TCs (R = 0.446, p* = 

0.0058; Rfilt = 0.6849, pfilt* < 0.0001). Similarly, a significant correlation was observed 

between the overall abundance of immune infiltrates and CD3 expression in ICs (Rfilt = 

0.6044, pfilt* = 0.0206). For PD-L1, a strong positive linear correlation was identified 

between tumor cell PD-L1 expression and LAG3 expression in ICs (Rfilt = 0.8294, pfilt* 

= 0.0008). 
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Figure 13. Correlation between expressions of immune-related markers in TCs and 

immune cells. Only associations significant after the Bonferroni correction are shown. 

All p-values are adjusted for multiple comparisons. Results obtained for a filtered dataset, 

including samples with an immune infiltration of 0.1 or larger, are indicated with “(filt)”. 

The results are highlighted in green if the observed correlation remained significant on 

the filtered dataset. ICs, immune cells; TCs, tumor cells. 
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5. Discussion 

As humans shape their environment, the environment affects humans. (93) With tumors, 

we have a similar case. (94) The ideal microenvironment is essential for SCLC’s survival, 

adaptation, and growth, and exploring its characteristics and dynamics is crucial. (95) 

 

SCLC tumors mostly spread to LNs as a first step of invasiveness due to their early 

metastatic capability. (96) 

Precise diagnosis is mandatory for treating these malignancies, which can be acquired 

from different disease sites and with various approaches. (97) Recent studies showed that 

the molecular features of PTs often differ from matched LN metastases molecular 

landscape. Expression patterns of therapeutic targets and subtype markers can vary 

depending on their site of origin. (98) Expressions data from the RNAseq revealed no 

significant differences in PTs and their corresponding LN metastases. However, IHC 

staining revealed diverging results between these two origins. DLL3 and NEUROD1 

showed different expression patterns in PTs compared to their paired LN metastases. A 

study in NSCLC has shown approximately 80% consistency between IHC and RNAseq 

findings. (99) After multiple testing corrections, the overall genomic landscape between 

PTs and LN metastases revealed five genes with considerable expression differences: 

PGC, FIGF, ROS1, CFTR and TMPRSS2. In LN metastases, these genes presented 

significant downregulation. PGC produces peroxisome proliferator-activated receptor 

gamma coactivator 1-alpha (PGC-1α), a key regulator of cellular energy metabolism; 

FIGF gene specifies vascular endothelial growth factors (VEGFs), which enhance 

angiogenesis and lymphangiogenesis; ROS1 gene encodes a receptor tyrosine kinase 

involved in cell growth and differentiation. In cancer development, alterations and 

modulation of these receptors are significant steps for growth and survival. (100-103) 

NSCLC and various cancer are connected with  ROS1 mutation. (104, 105) The TMPRSS2 

gene produces a type II transmembrane protease widely expressed in epithelial cells in 

the respiratory tract. It acts as an intracellular transport for respiratory viral infections. 

Blocking this pathway is a widely investigated method. (106) Focusing on lung 

adenocarcinoma with reduced TMPRSS2 expression impaired clinical outcomes revealed 

high oncogenic activity and boosted tumor growth. (107) The Cystic Fibrosis 

Transmembrane Conductance Regulator (CFTR) gene forms a cAMP-regulated channel, 
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the mutation of which leads to cystic fibrosis. However, it is less known that the CFTR 

functions as a tumor suppressor, and impaired CFTR promotes cancer progression. (108) 

Our study’s IHC analysis demonstrated that the DLL3 expression was significantly higher 

in PTs than in the corresponding LN metastases. On the other hand, NEUROD1 

expression was considerably lower in PTs than in matched LN metastases. The 

suppressed expression of DLL3 in LN metastases may result from various stages of gene 

regulation. (109) DLL3 is an inhibitory ligand of the Notch signaling pathway, which is 

highly expressed on the cell surface in SCLC and other high-grade NETs. (110, 111) This 

ligand is missing in healthy lung tissue and is found on the surface of SCLC tumors, 

which makes it a good candidate for a therapeutic target. It is currently under investigation 

in several clinical trials for SCLC. (112-114) A bispecific T-cell engager called 

tarlatamab is the most effective agent that is used in patients with previously treated 

SCLC. In a specific study, the overall response rate (ORR) of tarlatamab-treated patients 

was 40% (10 mg group) vs. 32% (100 mg group), with a median PFS of 4.9 vs. 3.9 months 

among 220 participants. The 9-month OS rates were 68% (10 mg) vs. 66% (100 mg). 

(115) These results led to a fast FDA approval for treating patients with previously 

treated, recurrent SCLC. (116) Not all trials have a clear path to validation. The TRINITY 

trial, assessed the effectiveness and safety of rovalpituzumab tesirine (Rova-T) in patients 

with relapsed or refractory SCLC. This agent is an antibody-drug conjugate targeting 

DLL3. ORR was 12.4%, with a median OS of 5.6 months in 339 participants. High DLL3 

expression showed slightly better outcomes, with an ORR of 14.3% and an OS of 5.7 

months. Rova-T had limited clinical benefit, and its use is linked to substantial grade 3–

5 adverse events, which were seen in 63% of patients. (117) The newest approach 

targeting DLL3 originates from the field of hematological cancers, known as the chimeric 

antigen receptor T-cell (CAR-T) therapy. AMG 119 is one of the new CAR-T cell therapy 

targeting DLL3, developed for relapsed and refractory SCLC. Its first clinical 

pharmacology profiling trial showed substantial cellular expansion, prolonged 

persistence, and a favorable exposure-response relationship. It was well tolerated, with 

no dose-limiting toxicities observed. (118) 

Although DLL3-targeting therapies are currently given to metastatic SCLC patients 

regardless of their DLL3 expression levels, evaluating patient-specific DLL3 expression 

could change clinical practices in the future. Profiling DLL3 expression in the PT should 
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be the priority because LN metastases may not fully mimic the expression profile of the 

lung lesion, as we have seen in our results. A novel DLL3-targeted imaging tracer 

([89Zr]Zr-DFO-SC16.56) is being evaluated in the PET-CT setting. The 80% of 

evaluated NE cancers, including SCLC were DLL3-positive. The tracer uptake aligned 

with the DLL3 expression on IHC in 94% of cases. This new method requires further 

validation. However, the early non-invasive detection of DLL3 could potentially help the 

selection of suitable patients. (119)  

Around 1985, the available studies could only separate SCLCs into two main subtypes 

based on their morphological characteristics: classic vs. variant. (129) Nevertheless, with 

the help of advanced molecular biology, four distinct transcriptional subtypes were 

identified in the late 2010s (SCLC-A, SCLC-N, SCLC-P, and SCLC-Y). Further research 

revealed that the expressions of the tumor mass have different subtype patterns, which 

are complex and multidimensional. (80, 81, 120) Our hierarchical clustering revealed five 

separate subtypes in PT and LN metastatic lesions (SCLC-A, -AN, -N, -P, and -QN). As 

other multiple independent analyses also found, no clear YAP1 subtype was observed in 

our cohort. (11, 80, 121-123) The lack of an SCLC-Y subtype might be attributed to tumor 

heterogeneity, therapy-induced plasticity, and technical controversies regarding the 

original classification. (80, 124-126) In the analysis of our cohort, significant changes 

were observed in subtype distribution between LN metastases and their matched PT. The 

detailed transitions we detected were SCLC-A to SCLC-AN or SCLC-N, while losing 

NE characteristics, and SCLC-P and SCLC-QN to SCLC-AN, SCLC-N, or SCLC-A, 

while acquiring dominant NE characteristics. SCLC-A usually acts as a precursor of the 

SCLC-N subtype, which observation can underscore these results. (82, 127) Another key 

aspect is the activation of Notch signal, which leads to the loss of NE differentiation. 

(128, 129) Aligning with other research findings, we have also identified a distinct SCLC-

AN subtype, which could serve as support for this hypothesis. While none of our selected 

patients received neoadjuvant ChT, the dominant subtype expression is also likely shaped 

by systemic treatment responses and various mechanisms involved in metastatic 

progression. (76, 81, 86) In distinct metastasis a non-NE tumor can obtains NE 

characteristics, which transformation could originate from an existing NE component in 

the metastasis. Since NE TCs are more aggressive compared to those with low or absent 

NE features, they may be the primary drivers of forming LN metastasis. (11, 81) 
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Exploring deeper, SMARCA4 is a major regulator of SCLC, controlling the change 

between NE and non-NE phenotypes. SMARCA4 locks the NE state while modulating 

REST splicing through SRRM4, suppressing NE features and promoting the expression 

of ASCL1 and NEUROD1. SMARCA4's role in maintaining SCLC subtype plasticity is 

critical and could explain the results of our research. (130) 

We must consider another important aspect when analyzing the tumor's 

microenvironment, which is the immune-related factor. (131) In our cohort high CD47 

expression of TCs showed worse survival, whereas CD40 expression of TCs correlated 

with better outcomes. Investigating ICs expression, high CD137 was correlated with 

improved survival, whereas ICOS expression was associated with worse outcomes.  

These findings are coherent with current literature regarding their role in tumor biology. 

CD47 is an important immune checkpoint that sends an antiphagocytic signal to 

macrophages while inhibiting neutrophil cytotoxicity. (132) In cancerous diseases that 

target the ovarium, endometrium, breast, pancreas, plus sarcomas and NSCLC, 

overexpresion of this checkpoint marker is commonly observed. According to other 

findings, elevated levels of CD47 correlated with an impaired prognosis. (133-138) These 

results gave a strong foundation for the development of a CD47-blocking peptide called 

VK30. When the peptid attaches to the CD47 receptor, it leads to increased apoptosis and 

improved macrophage phagocytosis. (139) The CD40/CD40L axis has a broad role in 

immunobiology. It modulates antigen-specific T and B cell activation, controls both 

immune pathways, and boosts NK cell activation. It is usually expressed in NSCLC, 

ovarian cancer, and pancreatic adenocarcinoma. (140) A study has shown better OS in 

melanoma patients with high CD40 expression. (141) 

CD137 activates T cells and NK cells. Blocking their receptor was a potential goal; 

however, clinical testing raised concerns about toxicity. (142) ICOS is a receptor 

controlling immune regulation and tumor progression. ICOS is Janus-faced; some studies 

showed that in multiple cancers, ICOS expression influences immune cell infiltration and 

prognosis, particularly in lung adenocarcinoma. In these cases, higher ICOS levels 

correlate with a beneficial tumor immune microenvironment and improved survival. On 

the other hand, in lower-grade glioma and uveal melanoma, high ICOS expression 

resulted in an unfavorable prognosis (143)  
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Our study uncovered that only age and vascular involvement were independently 

associated with OS in AC, LCNEC, and SCLC. When these two factors are combined, 

survival outcomes get worse. Focusing only on LCNEC and SCLC, the patient’s age 

remained as an independent prognostic factor. The complex role of immune markers in 

LNEN prognosis is well known, although their impact on survival remains unclear. 

Some limitations in our study must be addressed. While the study material is notable due 

to the rarity of surgically resected tumor specimens in SCLC, the sample size remains 

moderate for expression analysis, and further validation studies are needed. Additionally, 

although RNA expression analysis was conducted on tissue samples carefully selected 

from the most viable tumor regions through macrodissection, non-malignant stromal 

components could still have a minor influence on RNAseq results. This limitation applies 

only to RNAseq data, as IHC staining was performed exclusively on TCs. Lastly, IHC 

expression levels in TMA samples could be affected by intratumoral heterogeneity. 

However, this was partially mitigated by including two distinct tissue cores from the same 

tumor in each TMA used in our study.  

When analyzing the immunophenotypic differences in LNENs, the overall study cohort 

remained small despite successfully collecting many surgically treated samples suitable 

for profiling studies. The study's retrospective nature also presents limitations, as the 

collection of clinicopathological data, follow-up information, and cancer-specific 

survival data was not complete in certain cases. The effects of immunotherapy are not 

being investigated in our study, as it includes only surgically treated patients. While we 

analyzed whole tissue sections from surgical specimens and examined ten randomly 

selected areas per sample, the potential impact of tumor heterogeneity must be considered 

when interpreting our results. 
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6. Conclusions 

Both studies aim to provide a deeper understanding of tumor heterogeneity in LNENs. 

Firstly, we gained insights into the molecular changes during metastatic spread by 

analyzing a cohort of surgically resected primary SCLCs and their LN metastases. 

Different expressions of DLL3 and NEUROD1 were seen in the PTs and paired LN 

metastases. DLL3 was significantly higher in PTs, whereas NEUROD1 was more 

strongly expressed in LN metastases. Our results imply that the molecular subtype of LN 

metastases does not always align with the same PT, pointing to potential subtype 

transitions during lymphatic dissemination. Changes from both NE subtypes to non-NE 

lesions and non-NE subtypes to NE subtypes were seen. Through these lenses, potential 

diagnostic challenges emerge when determining the molecular profile and classification 

of SCLCs based solely on LN biopsies. 

Secondly, we obtained a large panel of immune-related markers and investigated the 

immunologic profiles and expression patterns of LNENs. TCs elevated CD47 expression 

showed impaired survival, while high CD40 expression correlated with improved 

outcomes. As we investigated immune cells, high expression of CD137 improved patient 

survival, whereas high expression of ICOS was associated with worse patient outcomes. 

Our analyses revealed that higher age and vascular involvement were independently 

associated with impaired OS in AC, LCNEC, and SCLC. Age remained an independent 

prognostic factor when the analysis focused only on LCNEC and SCLC patients.  
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7. Summary 

Targeted therapy made a big leap in the treatment of cancerous diseases, but this option 

needs more precise and advanced diagnosis. Despite being the deadliest subtype of lung 

cancer, SCLC treatment lags behind that of other lung cancer types. Development of new 

therapeutic agents needs a detailed landscape of SCLC molecular subtypes, both 

concerning PTs and LN metastases. Our study profiled 32 surgically resected SCLCs and 

corresponding LN metastases with RNASeq and IHC. The RNA expression profile 

showed no differences between primary tumors and their paired LN metastases; however, 

key differences emerged when the samples were examined by IHC. Specifically, DLL3 

expression was significantly higher in the primary tumors than in corresponding LN 

metastases, whereas NEUROD1 expression was significantly lower in the LN metastatic 

lesions. A change in molecular subtype in the context of primary tumors – LN metastases 

was seen in 21 cases. We continued with a broader investigation, analyzing the 

immunologic profiles and expression patterns of LNENs. We identified several 

immunomarkers that influenced survival. Elevated CD40 and CD137 expression was 

associated with improved patient survival, while high CD47 and ICOS expression 

correlated with worse patient outcomes. When we focused solely on the data of LCNEC 

and SCLC, older age and vascular involvement was associated with significantly worse 

survival. Further examination confirmed age as a key prognostic factor. According to 

these findings, investigating LNENs requires a comprehensive clinical approach since 

tumors from different sites show distinct phenotypes and immunologic landscapes that 

can influence patient outcomes. 
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