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Abstract

Objective—Lung cancer is classified as a single entity comprised of multiple histological 

subtypes. But how similar are these subtypes on a genetic level? This commentary aims to address 

this question through a concise overview of germline and somatic differences between small-cell 

lung cancer (SCLC), lung adenocarcinoma (LUAD), and lung squamous cell carcinoma (LUSC).

Methods—We reveal the weak overlap found between these three lung cancer subtypes using 

published data from one of the largest germline genetic studies of lung cancer to date and somatic 

mutation data from Catalogue Of Somatic Mutations In Cancer (COSMIC).

Results—These data indicate these three subtypes share very little with each other at the genetic 

level. At the germline single-nucleotide polymorphism (SNP) level, only 24 independent SNPs 

from two chromosomes were shared across all three subtypes. We also demonstrate that only 30 

unique cancer-specific mutations overlap the three subtypes from COSMIC and that this is fewer 

than overlapping mutations chosen at random. Finally, we show that only 3 somatic mutational 

signatures are shared between these three subtypes.

Conclusion—This commentary highlights that these three lung cancer subtypes may be distinct 

diseases at the genetic level. In the era of precision medicine, we feel that these genomic 

differences will be of utmost importance in the choice of lung cancer therapy in the future.
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Introduction

Lung cancer is the leading cause of cancer mortality in the world [1]. Histological 

classifications separate lung cancer into several subtypes, but accumulating evidence [2–4] 
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suggests that outside of their location in the lung, these subtypes of lung cancer share little in 

common and may in fact be distinct diseases at the genetic level. As the genetic evidence 

described below suggests, lung cancer subtypes can be characterized by germline and 

somatic genetic features that may represent unique biology and may also respond differently 

to therapies.

Lung cancer is first classified into two main types by its characteristic cellular size: non-

small cell lung cancer (NSCLC) and small-cell lung cancer (SCLC). NSCLC comprises 85% 

of lung cancer, and two of its major histologic subtypes, adenocarcinoma (LUAD) and 

squamous cell carcinoma (LUSC), comprise 40% and 30% of new lung cancer cases, 

respectively [5]. SCLC comprises approximately 15% of new lung cancer cases and can be 

further divided into several rare histologic subtypes but is often studied as a single entity. 

While these common classifications are based upon histology, the recent influx of genetic 

data has allowed for deeper characterization. These genetic data have been identified from 

both the germline and somatic genomes of lung cancer patients.

Functional differences between subtypes

We recently performed a study to identify the regulatory common genetic variants (SNPs) 

associated with each of these lung cancer subtypes [6]. Our approach identified regulatory 

SNPs within expression quantitative trait loci (eQTLs) and enhancers and their target genes 

which were common to all lung cancer subtypes using regulatory data from The Functional 

Annotation Of the Mammalian genome (FANTOM) project, the Genotype-Tissue 

Expression (GTEx) project and two additional studies [7, 8]. Strikingly, we found that 

although more than 150 target genes were associated with each subtype, there were only five 

genes (from one genomic region) that overlapped between LUAD, LUSC, and SCLC. We 

also found that this weak overlap extended to biological pathways and the regulatory 

mechanisms in each subtype.

Differences in germline genetic risk for three lung cancer subtypes

In confirmation of our results, a genome-wide association study (GWAS) recently published 

by McKay et al. [9] examining these three lung cancer subtypes in a European population 

came to similar conclusions. Importantly, the authors reported distinct genetic variants 

associated with each subtype at a statistical threshold of p < 5 × 10−8. To determine the 

overlap between the genetic variants across the lung cancer subtypes at a less stringent 

statistical threshold, we selected all SNPs with p-value < 1 × 10−5 from McKay et al. [9] and 

identified the overlap between subtypes at the SNP level. Interestingly, only 240 variants 

from two chromosomes (chr. 6 and chr. 15) representing three cytobands (6p22.1, 6p21.32, 

15q25.1) were associated with the three most frequent lung cancer histologic groups, i.e. 

LUAD, LUSC, and SCLC (Fig. 1A,1B). These SNPs may represent shared genetic signals, 

thus we trimmed these SNPs based on linkage disequilibrium (LD) from the 1000 Genomes 

Phase III European Population and discovered that only 23 unlinked SNPs were common 

across the three lung cancer subtypes as illustrated in Figure. 1C. However, all of these 

overlapping SNPs were located on chromosome 15 and no overlap was observed on 

chromosome 6. We hypothesized that this lack of overlap is due to variants in the major 
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histocompatibility complex (MHC) on chromosome 6 and the complex LD patterns in this 

region. To address these complex LD patterns, we collapsed all SNPs in the MCH region 

into one block for each subtype and again identified the overlap for LUAD, LUSC, and 

SCLC. After the MHC collapse, we found a total of 24 SNPs that overlap from chromosome 

15 including the one block of the MHC region (Fig. 1D). This phenomenon of little overlap 

between lung cancer subtypes has also been observed in prior studies [10, 11] and highlights 

the distinct differences in the genetic predisposition to these cancer subtypes of the same 

tissue. The identification of SNPs unique to a specific lung cancer subtype is not only in 

European populations, but also extends to other populations as well. For example, a recent 

GWAS for lung cancer in African Americans found two significant SNPs near CHRNA5 and 

TERT where one of the SNPs, rs2853677, near the TERT gene was only significant in 

LUAD but not in LUSC [12]. These two loci were previously reported to be associated with 

lung cancer in other population types [10, 11]. In another study, Hu et al. [13] performed a 

GWAS for lung cancer in a Han Chinese population and found six significant SNPs 

(representing two novel loci 13q12.2 and 22q12.2) in four loci. For these six SNPs, two 

(rs2736100 and rs448809) were significantly different per subtype using LUAD, LUSC, and 

SCLC. This observation of difference in genetic susceptibility to lung cancer by subtypes 

also extends to never smokers of Asian descent. Lan et al. [14] performed a GWAS of never 

smoking women of Asian descent and found six loci with statistical association (three of 

them were new at the time of publication). They discovered that rs9387478 and rs2395185 

were only associated with LUAD while rs7086803 showed a stronger effect in LUSC than 

LUAD. They discussed that more sample sizes would be needed for confirmation of this 

result. This genetic evidence also exists for somatic mutations characterizing each subtype.

Somatic mutational differences between three lung cancer subtypes

There are two major types of somatic mutations in cancer cells: driver mutations and 

passenger mutations. Driver mutations usually confer selective uncontrolled growth to the 

cells allowing them to survive, while passenger mutations are usually benign mutations that 

have been acquired during the life of the cell [15]. Many driver mutations occur in the same 

genomic location [16], so we identified the exact locations of somatic mutations in genes 

reported in the Catalogue Of Somatic Mutations In Cancer (COSMIC) database [17], the 

largest somatic mutation repository to date, to confirm whether this weak overlap between 

LUAD, LUSC, and SCLC germline variants expands to the somatic genome. We obtained 

all COSMIC somatic mutations from genome-wide screens, that do not target any specific 

genes, and removed mutations identified in cell lines, non-primary tumors, and silent 

mutations. Interestingly, only 37 identical mutations were shared between all three lung 

cancer subtypes out of more than 30,000 mutations in each subtype (Fig. 2A). These 37 

mutations represent 10 different genes, and the majority of the mutations (> 70%) are in the 

well-known tumor suppressor gene TP53 that is mutated in many cancer types [17]. 

However, these genes that contain the exact same mutations may still be passenger genes 

that do not lead to cancer. To identify relevant cancer-related driver genes that are in each 

subtype, we additionally filtered the mutations to include genes identified in the Cancer 

Gene Census (CGC), a list of genes causally implicated in cancer [17]. After filtering for 

CGC genes, we found only 30 unique mutations that overlap LUAD, LUSC, and SCLC and 
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these mutations were all found within three genes: TP53, BRAF, and PIK3CA (Fig. 2B). To 

determine if this overlap was more than would be observed by chance, we randomly selected 

samples from COSMIC based on matched numbers of samples for each subtype. These 

randomly chosen samples also matched the mutation load of each subtype. After randomly 

choosing these mutations, we discovered on average that 94 mutations were shared between 

these randomly chosen samples by chance alone. (Fig. 2C). This finding suggests that the 30 

shared mutations in LUAD, LUSC, and SCLC may not be due to any shared biology and are 

the result of random chance. These findings agree with a recent review published by Herbst 

et al. [18] earlier this year, which provides a great overview of somatic alterations in key 

biological pathways and their mutation frequencies in LUAD and LUSC. In confirmation of 

the COSMIC data, the authors show that TP53, BRAF, and PIK3CA have evidence for 

mutation in LUAD and LUSC; albeit at different frequencies (authors did not report 

statistics for SCLC). Additionally, they report that many of the genes (e.g. ATM and 

FGFR1) are only uniquely mutated in LUAD or LUSC in confirmation of the genetic 

differences between lung cancer subtypes at the somatic level. For more details, see Box 1 

from Herbst et al [18]. This somatic mutation evidence supports the germline variant 

evidence of different disease processes for LUAD, LUSC, and SCLC. We then used somatic 

mutational signatures to provide insight into biological processes for each disease type. 

Somatic mutational signatures are unique patterns of mutations and can be used to gain an 

understanding of the mutational processes as well as environmental exposures of a cancer 

sample [19]. COSMIC investigators have identified 30 different mutational signatures across 

40 cancer types using over 10,000 exomes and ~ 1,000 genomes [17]. According to these 30 

well-characterized mutational signatures in COSMIC, LUAD, LUSC, and SCLC share only 

three mutational signatures in common. Two of the three signatures (signature 1 and 

signature 5) have been found in each of the 40 cancer types analyzed by COSMIC and the 

third (signature 4) is indicative of cigarette smoking due to its high number of C → A 

transversions that implicate prior exposure to tobacco smoke [19].

Functional pathways between subtypes

In addition to the weak overlap observed between the variants at the germline and somatic 

genomes, there is also weak overlap between subtypes based upon biological pathways that 

are enriched with these genes. For example, we found in our study [6] that only two KEGG 

pathways (metabolic pathways and proteasome pathways) overlapped between LUAD, 

LUSC, and SCLC at the germline level. Most of the biological pathways enriched with 

germline associated genes were unique to each subtype. At the somatic level, there also 

exists a weak overlap of biological pathways enriched with genes associated with the lung 

cancer subtypes. For example, Wang et al. [20] examined differentially expressed genes 

(DEGs) between LUAD and LUSC and assessed biological pathways enriched with these 

genes. They found many biological differences between these two subtypes based upon 

DEGs. Their analysis also revealed several GO terms and KEGG pathways unique to each 

subtype in confirmation of the trends at the germline level. Although Wang et al. did not 

study SCLC, a similar study was performed by Ni et al. [21], published in 2018, that found 

KEGG pathways and GO terms enriched with DEGs for SCLC versus normal controls. 
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Their functional results shared little with either LUAD or LUSC and there were no KEGG 

pathways that overlapped between SCLC and LUAD or LUSC from these studies.

Together, these results suggest that although weak overlap occurs in genetic features at the 

somatic level, the overlap consists of factors relevant in most cancer types and is non-

specific to lung cancer. This is especially true for the overlapping genes and mutational 

signatures that are likely to be found in most cancer types irrelevant of tissue type. This 

evidence is further supported by reports that show these subtypes are more similar to cell-

like tumors in other organs. For example, LUSC is more similar to other squamous like 

tumors such as head and neck squamous cell carcinoma [2, 3] than to LUAD.

Additional differences between subtypes

In addition to the genetic differences between subtypes, there are also epidemiologic and 

clinical differences. For example, most never smokers who develop lung cancer develop 

LUAD. LUAD also has a higher prevalence among women [22]. Conversely, SCLC and 

LUSC are heavily influenced by smoking and LUSC is more commonly found in males than 

females. Additionally, LUAD is found peripherally in the lungs and is the least aggressive 

tumor type in comparison to the more aggressive centrally located LUSC and SCLC [22].

Summary and conclusions

Together, this genetic evidence suggests that these three lung cancer subtypes are distinct 

from each other. Their germline and somatic profiles vastly differ as well as their potential 

environmental causes, physiological properties, and clinical features. Current treatments are 

expanding into therapies that target specific genetic mutations rather than treating by specific 

histological subtype [23, 24]. In the era of precision medicine, we believe that the increased 

use of genomics will be necessary to further treat each subtype as a distinct disease and to 

identify the most appropriate therapeutic target with clinical significance.
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Figure 1. Weak overlap between germline genetic variants in three lung cancer subtypes
Panel A shows the overlap between single nucleotide polymorphisms (SNPs) at p < 1 × 10−5 

from McKay et al. Panel B shows the overlap between subtypes by the cytobands 

represented by the SNPs in Panel A. The full set of SNPs trimmed by linkage disequilibrium 

(LD) (r2 > 0.8, 1000 Genomes Phase III) reveals few genomic regions shared by all three 

lung cancer subtypes in Panel C. To account for the strong LD in the MHC region, we 

represent all SNPs in MHC as one genomic loci in the LD trim and show the final 

overlapping independent genomic regions in Panel D. Of note, the 24 independent regions 

represented in Panel D are from two chromosomes: chromosome 6 and chromosome 15.
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Figure 2. Weak overlap between somatic mutations in three lung cancer subtypes
In panel A, we show the number of identical somatic mutations shared amongst three lung 

cancer subtypes. Panel B shows the overlap between identical somatic mutations that are 

only found in the Cancer Gene Census (CGC) list. We show in panel C that randomly 

choosing CGC somatic mutations from all somatic mutations in COSMIC after normalizing 

by mutation load reveals more sharing on average (red dot, n = 94) than observed (blue dot, 

n = 30) between three lung cancer subtypes.
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