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Comparative expression analysis in small cell lung carcinoma 
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lymph node metastases
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Background: Recent preclinical data suggest that neuroendocrine (NE) subtype of small cell lung cancer 
(SCLC) has strong therapeutic relevance. NE high tumors are associated with immune desert and NE low 
tumors are considered to have an immune oasis phenotype. Our aim was to investigate the NE phenotypes 
of surgically resected SCLC tumors according to inter-tumor heterogeneity.
Methods: Expression analysis for 2,560 genes was performed in 32 surgically resected SCLC patients’ 
primary tumors and corresponding lymph node (LN) metastases. To analyze tumor heterogeneity, we 
examined the differences in the gene expression of primary tumors versus LN metastases. We performed 
cluster analysis and heat map to divide patients into NE high and low subtypes by using the top NE-
associated genes described in preclinical studies.
Results: We found 6% (n=154) genes with significant differences and only 13.1% (n=336) of all genes in 
the panel had a strong correlation between the primary tumor and LN metastases. Cluster analysis clearly 
distinguished SCLC NE high versus low subtypes both in primary tumor (20 vs. 12, respectively) and LNs 
(23 vs. 9, respectively). As for inter-tumor heterogeneity, in case of five patients, a change in the NE pattern 
was observed. Specifically, we found significant downregulation of the NE-associated genes CAV1 (P=0.004), 
CAV2 (P=0.029) and ANXA3 (P=0.035) in their LN metastases compared to their primary tumor. 
Conclusions: Our data confirm the results of preclinical studies and clearly distinguish NE low and high 
differentiation clusters in SCLC. Moreover, they highlight the gene expression discordance between primary 
tumors and corresponding LN metastases suggesting that the NE pattern of metastatic LNs might not 
reflect that of the primary tumor. Altogether, by shedding light on the diversity of SCLC, the current study 
might help to improve patient selection and treatment in this devastating disease.
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Introduction

The pathological diagnosis of small cell lung cancer 
(SCLC) is based on simple hematoxylin and eosin (H&E) 
staining with no significant diagnostic advancements in this 
recalcitrant cancer. As for SCLC therapy, atezolizumab in 
combination with chemotherapy was recently shown to 
moderately increase response rate and survival compared to 
chemotherapy alone (1). However, lack of clinically useful 
biomarkers and knowledge on inter-tumor and intra-tumor 
molecular heterogeneity of SCLC tumors might be a key to 
the long term failure of therapeutic efficacy.

According to recent preclinical studies, the way we 
consider SCLC has been significantly changed. SCLC 
cannot be considered as a single disease entity, it is rather 
a continuous spectrum of tumor cells with different 
neuroendocrine (NE) marker expressions. SCLC can be 
classified into NE high and NE low subtypes that have 
major differences in morphology, growth properties, genetic 
alterations, and immunogenicity including numerous 
intracellular signaling pathways (2,3).

Importantly, very recent data suggest that SCLC can 
present as either an “immune desert” or an “immune oasis” 
tumor. Immune desert SCLCs are associated with NE 
high phenotype and characterized by sheets of tumor cells, 
little stroma, low numbers of infiltrating immune cells 
and low or absent programmed death receptor ligand-1 
(PD-L1) expression (2). In contrast, in the NE low group, 
the predominant phenotype is the immune oasis, which 
is characterized by broad bands of fibrosis and numerous 
inflammatory cells in the fibrous strands. Therefore, 
NE low SCLC patients are more likely to respond to 
immunotherapy and targeted therapies as well (2,4). Recent 
studies also suggest that molecular heterogeneity and 
changes in NE pattern and in key relevant pathways might 
help to identify new targets and therapies (2,4).

In contrast to lung adenocarcinoma, a tumor subtype 
where significant therapeutic advancements have been made 
over the past fifteen years by sub-segmenting the disease 
into different targetable active kinase mutation associated 
subtypes, SCLC has mostly loss of function mutations 
that are more challenging to target (5,6). Moreover, the 
initiating molecular events in SCLC are probably loss 
of the tumor suppressors TP53 and RB1, disruption of 

signaling networks such as Notch signaling, and also 
amplification of MYC family genes (7-12). However, the 
molecular phenotypes and heterogeneity between SCLC 
cell lines does not apply to those mutations only, but also 
may be reflected in other types of genetic alterations (2). In 
addition, a certain level of heterogeneity in terms of somatic 
mutations between primary and metastatic tumors was 
also observed, although the difference was minimal among 
other factors partly due to the short time interval between 
tumor formation and development of nodal metastases (13). 
Moreover, because surgical resection in SCLC is rarely 
performed, little is known about the heterogeneity between 
LN metastases vs. primary tumors in SCLC.

Exploring the gene expression profile of matched primary 
and LN metastatic SCLC tumors might provide unique 
insights into the complexity of this aggressive type of cancer 
and might also help in the development of new therapeutic 
approaches. Herein, the aim of our resected cross-sectional 
study was to confirm recently published preclinical data 
in the clinical setting. To this end, we investigated the 
differences in key relevant pathways between primary and 
LN metastatic SCLC specimens using comparative gene 
expression assays that might identify new potential pathways 
with therapeutic significance.

Methods

Ethics statement

The present study was directed in accordance with the 
guidelines of the Helsinki Declaration of the World Medical 
Association. The national level ethics committee (Hungarian 
Scientific and Research Ethics Committee of the Medical 
Research Council, ETT-TUKEB-7214-1/2016/EKU) 
approved the study. The need for individual informed 
consent for this retrospective study was waived. After 
clinical information was collected, patient identifiers were 
removed, and subsequently patients cannot be identified 
either directly or indirectly.

Study population

A total of 32 metastatic histologically confirmed SCLC 
patients with available tumor tissue specimen were included 
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in our study, who underwent surgical resection between 
1978 and 2013 at the National Koranyi Institute of 
Pulmonology. Formalin-fixed, paraffin-embedded (FFPE) 
tissue samples according to primary and LN metastatic 
lesions were obtained at the time of lung resection surgery. 
Clinicopathological data included gender, age at the time of 
diagnosis, smoking history, operation type, overall survival 
(OS) and disease-free survival (DFS). Pathological TNM 
stage according to the Union for International Cancer 
Control (7th edition) was recorded (14). OS was calculated 
from the time of surgery until death, or last available follow-
up, while DFS until the first documentation of recurrence. 
Date of the last follow-up included in this analysis was 
August 2017.

Expression analysis

FFPE tissue samples were macrodissected and sent for 
molecular analysis. RNA expression analysis of 2,560 
cancer-related genes was performed by HTG Molecular 
Diagnostics, Inc. (“HTG”) using the HTG EdgeSeq 
Oncology Biomarker (OB) Panel. HTG EdgeSeq is 
a targeted RNA expression assay that is generated via 
nuclease protection and consists of hybridization of target 
RNA to a DNA probe, followed by treatment with a single-
strand nuclease. The assay was validated using negative 
and positive process controls. All samples were run as 
singletons. Standardization and normalization of the results 
were performed as described earlier (15-18).

Treatment

Patients who underwent tumor resection including 
segmentectomy, lobectomy, and pulmonectomy were 
treated according to the contemporary guidelines with 
postoperative systemic chemotherapy with a platinum-
etoposide doublet regimen or with a combination of 
cyclophosphamide, epirubicin, and vincristine (CEV).

Data pre-processing and cluster analysis

Both data pre-processing and cluster analysis was performed 
with ClustVis web tool, which uses several R packages 
internally, including ggplot2 for PCA plot and pheatmap 
(R package version 0.7.7) for plotting heat map (19). For 
data pre-processing, unit variance scaling method was used 
dividing the values by standard deviation. To divide SCLC 
tumor samples into NE subgroups first we selected the 

top RNA genes (n=25) associated with NE differentiation 
according to Zhang et al. and Gazdar et al. by comparing their 
list of genes with our gene panel (2,3). Then an agglomerative 
hierarchical cluster analysis was performed to identify tumors 
according to NE high vs. NE low subgroup (20).

Statistical methods and pathway analysis

Results of targeted RNA sequencing were grouped 
according to the place of origin and NE differentiation 
of the sample and statistical analyses were performed 
by Student’s t-test and Mann-Whitney U test. Two-
sided p-values less than 0.05 were considered statistically 
significant. The value of linear correlation coefficient (r) 
varies from −1 to 1 both values inclusive. Non-correlation 
(−0.3≤r≤0.3), moderate positive linear correlation 
(0.3<r≤0.7), strong positive linear correlation (0.7<r≤1). 
To measure effect size and consequently indicate the 
standardized difference between the two groups Cohen’s 
d was calculated, which is an estimate of the difference 
between two means expressed in standard deviation units. 
Accordingly, Cohen’s d is the ratio of the difference between 
two means divided by the standard deviation (21). Small 
effect size (0.2≤d<0.5), medium effect size (0.5≤d<0.8), 
large effect size (0.8≤d) (21). All statistical analyses were 
performed using the PASW Statistics 23.0 package (SPSS 
Inc., Chicago, IL, USA). Patient survival data was examined 
by univariate survival analysis via Kaplan-Meier approach. 
Gene pathways were analyzed with ToppGene Suite and 
ConsensusPathDB which had the following built-in source 
databases: Reactome, KEGG BioSystem, HumanCyc, PID, 
IntAct and BioGRID. Genes in the SCLC SuperPath were 
identified using the PathCards integrated database (22). 
PathCard provides information on one SuperPath which 
represents more human pathways relevant in SCLC. Our 
gene expression data was compared with other available 
online databases using CBioPortal for Cancer Genomics as 
previously described (23,24).

Results

Clinicopathological characteristics and gene expression

Major clinicopathological data are shown in Table S1. 
A total of 32 patients were included in this study: 22 
males and 10 females (age range, 34–78 years; median,  
58 years). Median OS was 20.7 months and median DFS was  
14.9 months, respectively. 



941Translational Lung Cancer Research, Vol 8, No 6 December 2019

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2019;8(6):938-950 | http://dx.doi.org/10.21037/tlcr.2019.11.30

Concerning the genes from the SCLC SuperPath (n=77), 
a significantly higher expression of apoptosis regulator 
gene BCL2 (P=0.047; 95% CI of the difference, 0.007 to 
1.222) and a significantly lower expression of Laminin 
Subunit Gamma 3 gene (LAMC3); (P=0.044; 95% CI of the 
difference, −1.42 to −0.02) was found in the primary tumor 
in male vs. female patients. 

Heterogeneity in gene expression between primary tumor 
versus LN metastasis

The expression data of 2,560 cancer-related genes were used 
to compare primary lesions and LN metastases. Volcano 
plot shown in Figure 1 represents the gene expression 
heterogeneity between primary tumors and LN metastases.

A significant difference was found in the gene expression 
of 154 genes, including four already reported relevant genes 
in the SCLC SuperPath (Figure 1). 

According to KEGG BioSystem database, in our study 
the highest proportion of genes with significant inter-tumor 
heterogeneity between the primary and LN metastatic 
lesions was observed in the cytokine-cytokine receptor 

interaction pathway (Figure 2A), that has a role mostly in 
inflammatory host defenses, cell growth, differentiation, 
cell death, angiogenesis, development and repair processes 
aimed at the restoration of homeostasis (n=23). Based on 
Cohen’s d the effect size in the relative gene expression 
of these 154 genes between the primary tumor and LN 
metastases was considered as medium in case of 139 (d≥0.5) 
and large in case of 15 genes (d≥0.8). Furthermore, only 
13.1% (n=336) of all genes in the entire panel had strong 
correlation (r value >0.7) between the primary tumor and 
the LNs. Transcription factors had higher percentage of 
correlation compared to genes in importance in extracellular 
and cell adhesion receptors and signaling (Figure 2B).

The top 25 genes with significant difference in gene 
expression are shown in Table 1. The majority of these top 
genes was downregulated (n=20) in LN metastases and have 
a wide range of functions including proliferation, growth, 
survival, vascular development and angiogenesis but also 
water homeostasis and protein hydrolyzation. Meanwhile, 
upregulated top genes (n=5) have a major role in cell 
adhesion, lymphoid tissue development and inflammatory 
response.

Figure 1 Volcano plot displaying discordance in RNA gene expression between primary tumor and lymph node (LN) metastases. The y-axis 
corresponds to the significance level [−log10(P value)], while the x-axis shows the log2 fold-change (FC) value of relative gene expression. 
RNA genes above the red line showed significant expressional differences (P<0.05). Positive fold-change (log2 FC > 0) indicates upregulated 
genes in LN metastases compared to the primary tumor; negative fold-change (log2 FC < 0) indicates downregulated genes in LN. Red dots 
indicate genes included in the SCLC SuperPath and a significant difference between primary tumor and lymph node (LN) metastases in 
RNA gene expression was observed (BAK1, IKBKG, PIK3CD, and LAMC3). Blue lines indicate log2 FC −0.5 and 0.5.
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Figure 2 Inter-tumor heterogeneity between the primary and lymph node (LN) metastatic lesions in RNA gene expression. (A) Pie chart 
summarizing intracellular pathways according to KEGG BioSystem with significant inter-tumor differences in RNA gene expression 
detected (n=154). Highest proportion of genes belonged to the cytokine-cytokine receptor interaction pathway (11.1%), that are associated 
with crucial aspects of inflammation, tumor immunology and differentiation. (B) Strong correlation (0.7≤r<1) and non-correlation  
(−0.3≤r<0.3) in relative RNA gene expression according to the main molecular cellular components (encoding products). Asterisk, significant 
(P<0.05) differences in relative gene expression (genes in importance in transcription factors, receptors and signaling, extracellular and cell 
adhesion). 
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Table 1 The list of the top 25 genes with expressional differences in primary tumor versus lymph node (LN) metastasis

Symbol Gene name
 Mean expression

P value Cohen’s d
95% CI of the 

differencePrimary tumor LN metastasis

AQP4 Aquaporin 4 7.29 5.53 <0.0001 1.106 0.96 to 2.54

CFTR Cystic fibrosis transmembrane conductance regulator 6.08 3.95 <0.0001 1.402 1.37 to 2.86

COL6A6 Collagen type VI alpha 6 chain 6.26 4.34 <0.0001 1.031 0.98 to 2.84

CYP2B6 Cytochrome P450 family 2 subfamily B member 6 7.27 6.12 <0.0001 1.001 0.57 to 1.72

FIGF C-Fos Induced Growth Factor 4.45 1.67 <0.0001 1.279 1.69 to 3.86

PGC Progastricsin 5.13 1.73 <0.0001 1.367 2.15 to 4.62

ROS1 ROS proto-oncogene 1, receptor tyrosine kinase 6.48 2.94 <0.0001 1.563 2.4 to 4.66

TMPRSS2 Transmembrane serine protease 2 6.50 4.10 <0.0001 1.195 1.39 to 3.40

ZNF385B Zinc finger protein 385B 7.28 6.15 <0.0001 0.932 0.52 to 1.73

ANGPT1 Angiopoietin 1 7.92 6.67 0.001 0.910 0.56 to 1.92

IGFBP7 Insulin like growth factor binding protein 7 10.75 11.38 0.001 0.884 −0.99 to −0.27

RSPO2 R-spondin 2 5.34 3.67 0.001 0.899 0.73 to 2.59

AGER Advanced glycosylation end-product specific receptor 8.01 6.96 0.002 0.807 0.40 to 1.70

GML Glycosylphosphatidylinositol anchored molecule like 2.05 0.59 0.002 0.807 0.55 to 2.36

*LAMC3 Laminin subunit gamma 3 6.56 5.77 0.002 0.815 0.30 to 1.27

CEACAM3 Carcinoembryonic antigen related cell adhesion molecule 3 6.35 5.48 0.003 0.785 0.31 to 1.41

LCN2 Lipocalin 2 5.84 3.60 0.003 0.782 0.80 to 3.66

LTB Lymphotoxin beta 7.45 8.45 0.003 0.760 −1.65 to −0.34

POU5F1 POU class 5 homeobox 1 8.14 7.40 0.003 0.786 0.27 to 1.22

CAV1 Caveolin 1 8.83 8.08 0.004 0.738 0.24 to 1.25

CCL21 C-C motif chemokine ligand 21 8.09 9.48 0.004 0.753 −2.32 to −0.47

CCR7 C-C motif chemokine receptor 7 5.66 6.67 0.004 0.738 −1.69 to −0.32

FCER2 Fc fragment of IgE receptor II 3.68 5.02 0.004 0.754 −2.21 to −0.45

CCL8 C-C motif chemokine ligand 8 5.72 4.66 0.005 0.726 0.32 to 1.77

MUC1 Mucin 1, cell surface associated 10.38 9.49 0.005 0.730 0.28 to 1.50

*, gene belonging to SCLC SuperPath. The majority of genes (n=20) was downregulated in LN metastases and have a wide range of  
functions including proliferation, growth, survival, vascular development and angiogenesis but also water homeostasis and protein  
hydrolyzation. Upregulated genes (n=5) have a major role in cell adhesion, lymphoid tissue development and inflammatory response.

NE pattern of primary tumor versus LN metastasis

In our gene panel, we identified NE high (n=6) and 
NE low (n=20) genes among the top genes previously 
reported (25 and 25, respectively) as shown in Figure 3. 
The NE associated genes had a wide range of functions 
including substrate attachment, cell migration, invasion 
and metastasis, inward rectifier potassium channel inhibitor 

activity, phospholipase A2 inhibitor activity, G protein 
signaling and epithelial cell differentiation. Gene expression 
heat map including all primary and LN metastatic tumor 
samples according to NE associated genes are shown in 
Figure 3. Based on these genes, hierarchical cluster analysis 
clearly identified SCLC NE subtypes according to primary 
tumors (NE high vs. low, 20 vs. 12, respectively) and LNs 
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(NE high vs. low, 23 vs. 9, respectively). Moreover, based on 
previously reported cell line gene expression, in our study 
NE associated key genes REST and MYC expression was 
significantly (P<0.001) lower while DLL3 was significantly 
higher (P<0.001) in NE high subtypes. According to the 
tumor suppressor genes, relative expression of TP53 was 
significantly higher in the NE high (vs. NE low, P=0.009; 
95% CI of the difference, 0.321 to 2.082) subgroup and 
RB1 was significantly higher in the NE low subgroup (vs. 
NE high, P=0.015; 95% CI of the difference, −1.549 to 
−0.176). Interestingly, in five patients we observed a change 
in NE pattern in primary vs. LN metastatic samples: four 
patients had NE low specific gene expression in their 

primary tumor but NE high specific expression in their 
LN metastases, while only one patient’s primary tumor was 
identified in the NE high subtype but changed pattern to 
NE low subtype according to LN metastasis. In fact, due 
to this heterogeneity between primary and LN metastases 
regarding the overall diagnosis related to NE differentiation 
of a patient’s tumor there was a higher number of NE high 
(72% vs. 62.5%) and a lower number of NE low (28% vs. 
37.5%) patients theoretically diagnosed when using the 
LN specimens compared to primary tumors (Figure 4A). 
As shown in Figure 4B, the correlation between primary 
and LN samples regarding NE pattern was categorized as 
moderate (r=0.664), having a match rate of 84.38%.

Figure 3 Cluster and simultaneous heat map analysis identifies NE high (vs. NE low) subgroups based on top NE associated genes in our 
gene panel. Each row represents an RNA gene and each column a single sample. Cluster analysis clearly identified main cluster A and B that 
represents NE low and NE high subgroups, respectively. Of note, irrespective of tissue origin both primary and lymph node (LN) metastatic 
samples were included. The Arabic numeral from sample name corresponds to sample ID, while the Roman number refers to the tissue 
sample origin (I—primary tumor, III—LN metastasis). Red dots indicate samples that changed NE pattern during metastatic spread means 
that the matched pair was not categorized in the same NE subgroup (samples from patients #6, 21, 26, 33, and 270).
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NE related gene expression including the pooled 
expression of all primary tumors vs. LN metastases is 
shown in Figure 5. A non-significant but clearly detectable 
heterogeneity irrespective of specific NE pattern (including 
all NE associated genes) was found in gene expression 
signature between primary tumor and LN, and a significant 
downregulation of genes CAV1, CAV2, and ANXA3 in LN 
metastases that has a potential role in cancer development, 
proliferation and apoptosis.

Figure S1A shows the OS of patients according to 
primary tumor NE pattern. There were no significant OS 
differences according to NE high vs. NE low subgroups 
(median OS, 20.7 vs. 19.4 months; P=0.56). The median OS 
was non-significantly higher among patients with tumors 
that change NE pattern from low to high vs. patients 
constantly classified to NE high subgroup when considered 
LN metastases additionally to the primary tumors (median 

OS, 29.1 vs. 20.7 months; P=0.77; Figure S1B).

Discussion

Recent studies show that SCLC can no longer be considered 
as a single disease entity, and a clearer understanding of 
pathogenesis and in depth NE features of SCLC might help 
lay the framework for treatment including immunotherapy 
administration (12,25-30). Therefore, the aim of our study 
was to confirm the preclinical data on NE low vs. NE high 
tumor features in the clinical setting in resected-stage, 
histologically diagnosed SCLC patients. Our further aim 
was to explore inter-tumor heterogeneity by comparing 
gene expression and key relevant intracellular pathways of 
tumor samples obtained from matched primary tumor and 
mediastinal LN metastases.

Our main finding from this study highlights NE low vs. 

Figure 4 Differences in patients tumor neuroendocrine (NE) subtype classification according to primary tumor or lymph node (LN) 
metastasis. (A) Percentage of patients in NE high vs NE low subgroup according to tissue origin (primary tumor, 62.50% vs. 37.50%; LN 
metastasis, 71.88% vs. 28.13%, respectively). (B) Conformity of NE pattern in LN metastatic samples and the primary tumor (r value: 0.664; 
84.38% conformity; 12.50% NE high subtype and 3.13% NE low subtype according to LN metastases vs. primary tumors).
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NE high tumor subtypes in SCLC.
First, we analyzed the associations of gene expression 

and clinicopathological parameters. Importantly, in primary 
tumors, relative expression of the key relevant gene 
BCL2, which recently was demonstrated to be potentially 
targetable with venetoclax was significantly higher in 
primary tumors in males (31).

Next, we analyzed the site-specific inter-tumor 
heterogeneity, including all genes available in our panel. The 
most significant and relevant increase in primary tumor gene 
expression was detected in the cytokine-cytokine receptor 
interaction pathway which is one of the immune-related 
signaling pathways and has a crucial role in inflammatory host 
defense, cell growth and differentiation (32-34). This may 
hold implications in potential future targets and developments 
of immunotherapy in SCLC (35). Furthermore, we found a 
relatively high number of genes (n=154) that show significant 
differences in gene expression with medium and large effect 
size based on Cohen’s d, along with a small percentage of 

genes with high correlation (13.1%), which might indicate 
a non-homogeneous nature of the tumor mass at different 
anatomical locations within a patient. 

Our findings were compared with known cancer research 
datasets, such as The Cancer Genome Atlas (TCGA), and 
with previously reported studies. Unfortunately, unlike 
in lung adenocarcinoma and squamous cell carcinoma, 
in SCLC no RNA-Seq data was available in TCGA (36). 
Nevertheless, using the cBioPortal for Cancer Genomics 
we compared our RNA-genes (n=154) that were differently 
expressed in primary tumor and LN metastases with data 
only available on somatic gene mutation in primary SCLC. 
According to cBioPortal, in a pooled cohort of 210 patients/
samples, from our 154 queried genes molecular alterations 
were present in 100 genes. Furthermore, our results are in 
line with a preclinical experimental research that used two 
genetically engineered mouse models to examine tumor 
heterogeneity via RNA-seq on fluorescent-activated cell 
sorting (FACS)-isolated cancer cells from both models 

Figure 5 Heat map analysis of the top genes in our gene panel associated with neuroendocrine (NE) differentiation in primary tumor versus 
lymph node (LN) metastases. All genes appeared to be differently expressed, with a significant difference in Caveolin 1 (CAV1) (P=0.004; 
95% CI of the difference, 0.24 to 1.25), Caveolin 2 (CAV2) (P=0.029; 95% CI of the difference, 0.06 to 1.21), and Annexin A3 (ANXA3) 
(P=0.035; 95% CI of the difference, 0.06 to 1.63). CAV1 and CAV2 are antagonists for the regulation of several essential cellular processes 
such as endothelial proliferation, endocytosis, infection, inflammatory response, cellular growth control and apoptosis, while ANXA3 plays 
a role in the regulation of cellular growth and in signal transduction pathways. All three latter mentioned genes were significantly down-
regulated in LN metastases.
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and revealed widespread changes in gene-expression 
programs during metastatic progression (37). Meanwhile, 
our results are in contrast to a study performed on stage 
4 distant organ autopsy samples including only 2 SCLC 
patients, which showed n=359 mutations in 354 genes and 
n=271 mutations in 247 genes, but a 95% concordance in 
mutation profile in primary and distant organ metastatic 
lesions using whole-exome sequencing (WES) (13). A 
possible explanation to the discordance might be related to 
the different materials and methods used. Gene expression 
assay in our study might be more sensitive and therefore 
more valuable in differentiating tumor phenotypes based 
on gene expression. Inter-tumor heterogeneity was also 
reported in terms of overall frequencies of allelic imbalance 
and actionable driver genes (TP53, PIK3CA, and ERBB2) 
in breast cancer and in gene expression in non-small cell 
lung cancer (38-41). Furthermore, in previous studies, the 
coexistence of several subclones and a variable level of intra-
tumor heterogeneity within the primary tumors were also 
described in other histological types of lung cancer (42-44). 
Accordingly, gene profiling of a single tumor-site biopsy 
might not be sufficient for diagnostic purposes and LN 
metastatic site biopsy samples might have future relevance 
due to potentially relevant divergences in gene expression.

Next, we performed the cluster analysis using the top 
genes reported in earlier studies that are associated with 
NE differentiation (2,3). We confirmed that SCLC tumor 
samples regardless of tumor localization express NE 
associated genes. To our knowledge, this is the first study, 
indicating that NE high and low subsets of SCLC tumors 
clearly separate in a clinical setting.

Of note, differences in NE pattern were also observed 
in primary tumor and LN metastases suggesting a possible 
inter-tumor heterogeneity. A significant downregulation 
of NE associated genes CAV1, CAV2 and ANXA3 was 
found in LN metastases. Although CAV1 is involved 
in cancer development, proliferation and apoptosis, its 
exact role is still controversial. Preclinical data suggest 
that higher expression of CAV1 can inhibit apoptosis in 
SCLC and might be associated with poor response to 
chemotherapy and radiation therapy (45). Due to inter-
tumor heterogeneity, four patients with NE low and one 
patient with NE high primary tumors presented with 
opposing NE phenotype according to their matched 
LN metastases. This fact further supports the additional 
relevance of LN biopsies and can also have therapeutic 
implications. Latest preclinical studies suggest that NE 
low subtype is radioresistant and chemoresistant compared 

with the NE high subtype, but is more likely to respond to 
immunotherapy due to its immune oasis phenotype (2,3,46). 
Consequently, during treatment decisions, knowledge on 
NE differentiation regarding both the primary tumor and 
LN metastasis might provide additional information and 
help clinicians since LN metastatic lesion alone might not 
reflect the NE phenotype of the original tumor pattern.

In our study the lower expression of NE associated key 
genes REST and MYC, and the higher expression of DLL3 
in NE high subtype are in accordance with the preclinical 
findings of Gazdar et al., and confirms the accuracy of the 
cluster analysis performed (2). Characterizing the MYC and 
DLL3 expression according to the NE pattern may also 
lay the framework for developing future targeted therapies 
based on NE subtypes. In fact, a recent preclinical study 
performed on human and mouse cell lines suggest that 
SCLC with high MYC expression is vulnerable to Aurora 
kinase inhibition (8). Furthermore, Aurora kinase inhibition 
combined with chemotherapy suppresses tumor progression 
and might increases survival. Meanwhile, in another 
preclinical study, a DLL3-targeted antibody-drug conjugate 
induced durable tumor regression in vivo across multiple 
patient-derived xenograft models (11).

Finally, we investigated the prognostic role of NE 
subtypes. We found no major differences in OS between the 
two NE subgroups or constantly NE high vs. NE pattern 
changing tumors during metastatic spread. Our findings 
are in contrast to a previous study which found that NE 
IHC expressing tumors are associated with better prognosis 
compared to basaloid (BA) phenotypes (47). However, the 
later study analyzed only routine IHC staining compared 
to our study on NE low vs. high associated gene analysis. 
Furthermore, there were no NE subtype specific treatment 
administered that could potentially alter the prognosis and 
we included limited number of patients who underwent 
surgical resection over a long time period.

This  study has l imitat ions.  First  of  a l l ,  this  is 
a retrospective cross-sectional study with l imited 
clinicopathological data available. The patient population is 
unique regarding resected sample size but is small even in 
the light of the fact that matched tumor samples are usually 
not available in case of SCLC. Prognostic data in our study 
might be influenced by the intraoperative techniques and 
differences in administration of oncotherapy over a long 
time period. Gene expression was examined via targeted 
expression assay, consequently, results were aligned to the 
probe sequences and there was no de facto human genome 
version used for alignment. It is also important to note that 
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the gene expression of LN metastases might be influenced 
by the lymphoid tissues pattern and by the presence of 
lymphatics-associated genes. 

Conclusions

To conclude, our study highlights the gene discordance 
between primary tumors and corresponding LN metastases 
in SCLC. Differences in gene expression are suggestive for 
a relatively high mutational rate in tumor cells and thus for 
a potential higher chance of developing drug resistance-
inducing mutations. Furthermore, we confirm the results 
of preclinical studies and we identified NE low vs. NE high 
gene expressing tumors including inter-tumor heterogeneity 
between the primary and LN metastatic lesions in term 
of NE pattern as well. Importantly among other genes 
discussed, CAV1 and BCL2 as a potential regulator of 
apoptosis, and also DLL3 and MYC might be a promising 
consideration in future SCLC therapy. Additional profiling 
of LN metastatic samples, besides primary tumor biopsy, 
performed through minimally invasive techniques such 
as endobronchial ultrasound guided biopsy can provide 
prognostic and predictive information for treating SCLC 
patients. Further prospective studies are needed to define 
the impact of inter-tumor heterogeneity and the predictive 
relevance of NE subtypes in the treatment of SCLC 
including immunotherapy administration.
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Supplementary

Figure S1 Kaplan-Meier analysis of neuroendocrine (NE) subgroups. (A) Overall survival of the patients belonging to each NE subgroup 
according to the primary tumor; (B) survival curve of the patients belonging constantly to NE high subgroup vs. survival curve of the 
patients belonging to NE low subgroup based on the primary tumor and to NE high subgroup based on the LN metastasis. No significant 
differences were found in overall survival.
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Table S1 Major clinicopathological data of study population

Patient ID OS (months) DFS (months) Gender Smoking history Age

3 37.6 37.6 Female Smoker 62

6 19.4 11 Female Ex-smoker 57

12 30 15.1 Female Smoker 64

21 N/A N/A Female N/A 58

26 61.7 61.7 Male Smoker 62

28 96.2 96.2 Female Smoker 40

29 18.6 18.6 Male N/A 55

33 29.5 29.5 Male Smoker 63

36 4.9 4.9 Female N/A 62

39 29.1 11.2 Male N/A 58

41 118.5 18.4 Male N/A 50

104 N/A N/A Male N/A 68

126 N/A  N/A Male N/A 60

132 23 N/A Male N/A 66

134 9.3 1.7 Male Smoker 59

148 5.2 5.2 Female Smoker 48

171 N/A N/A Male N/A 43

188 N/A N/A Male N/A 67

190  N/A N/A Male N/A 55

204 N/A N/A Male N/A 59

209 N/A N/A Female N/A 34

210 3.9 3.9 Male N/A 45

216 N/A  N/A Male N/A 52

268 17.4 N/A Male N/A 41

270 16.6 16.6 Male Ex-smoker N/A

271 28.3 N/A Male N/A 46

332 N/A N/A Female N/A 54

346 32.8 32.8 Male Smoker 57

352 N/A N/A Male N/A 63

354 12.5 12.5 Male Smoker 70

355 14.7 14.7 Female N/A 78

363 20.7 12.9 Male N/A 48

OS, overall survival; DFS, disease-free survival.


