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A B S T R A C T   

Lung cancer is the leading cause of cancer-associated mortality and non-small cell lung carcinoma 
(NSCLC) constitutes 85 % of all lung cancer cases. This malignancy is characterized by multi-
factorial risk factors, poor prognosis, and deplorable clinical outcome. Considerable evidence 
indicates that there is inter-individual variability in the lung cancer predisposition and survival 
due to genetic variations introduced by genetic polymorphisms between individuals, indirectly 
affecting the lung cancer susceptibility and the patient survival. In the past decades, immune 
landscape in the tumour environment and host immune response are constantly implicated as 
determining factor in NSCLC development and patients’ survival. With the change of paradigm in 
NSCLC treatment to immunotherapy and increasing recognition of the role of the immune system 
in cancer development and survival, the inspection of single nucleotide polymorphisms (SNPs) in 
immunomodulated markers associated with the risk and prognosis for NSCLC is crucial. Despite 
extensive studies reported the implication of SNPs in predicting the risk and survival of NSCLC. 
SNPs in the genes that modulate immune response in NSCLC have not been reviewed before. 
Hence, this review uncovers the evidence on the genetic polymorphisms of immunomodulatory 
markers which include immune checkpoints, immune checkpoint inhibitors, chemokines, in-
terleukins, human leukocyte antigen and its receptors, and antigen presenting machinery genes, 
and their significance in the susceptibility, prognosis and survival in NSCLC. The identification of 
genetic factors associated with NSCLC risk and survival provides invaluable information for a 
greater comprehension of the pathogenesis and progression of the disease, also to refine prognosis 
and personalize clinical care in early and advanced-stages disease.   

1. Introduction 

Lung cancer is the leading form of cancer, causing over 1.8 million cases yearly [1] and 1 in 4 cancer deaths [2]. Lung cancer is a 
heterogeneous disease, including two major histologic categories: Small-Cell Lung Cancer (SCLC) and Non-Small-Cell Lung Cancer 
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(NSCLC). The latter accounts approximately for 80–85 % of all lung cancer with adenocarcinoma (AC) (60 %), squamous cell carci-
noma (SCC) (25 %), large cell carcinoma (LCC) (10 %) and other less common histologic subtypes [3]. AC is the most frequent type in 
men and women of all ages, including smokers and non-smokers [4]. It originates from glandular-like epithelial cells with excretory 
properties. SCC develops from squamous cell precursors in airway epithelial cells of the bronchial tubes and is reported to strongly 
linked to cigarette smoking [5]. 

Genetic polymorphism, known as single nucleotide polymorphism (SNP), significantly impacts development and progression of 
cancer. It is estimated that 1.42 million SNPs are distributed throughout the human genome, approximately 60,000 SNPSs within the 
coding region [6]. Polymorphisms in immune-related genes can affect the balance between the pro-inflammatory and 
anti-inflammatory networks. Moreover, genetic variations in various immune-related markers have been associated with cancer risk 
and overall survival (OS). Although a clear association has been shown between the tumour immune response and clinical outcome in 
many cancers, the genetic polymorphisms of immune markers for stratifying susceptibility and clinical outcomes in NSCLC is less 
defined. This is the first review to our knowledge to assess the implication of SNPs in immunomodulatory markers in regard to NSCLC 
susceptibility and survival (Fig. 1). 

2. Immunomodulatory markers 

In recent years, the immune system has become more implicated in cancer genesis and progression [7]. Tumour cells can upre-
gulate immune checkpoints expression [8] and downregulate surface Major Histocompatibility Complex (MHC) class I/tumour antigen 
expression, in particular NSCLC tumour cells, allowing these cells to evade the immune system [9]. In addition, elevated chemokines 
[10,11] and interleukins [12,13] have also been linked to worse prognosis and survival in NSCLC patients. This review explores the 
immunomodulatory markers on the susceptibility and survival of NSCLC. This review focuses on selected categories of immuno-
modulatory markers such as the immune checkpoints, chemokines and their receptors, interleukins, human leukocyte antigen (HLA) 

Fig. 1. Immunomodulatory genes and their single nucleotide polymorphisms. The figure shows the respective restriction sites and alleles of single 
nucleotide polymorphisms of immunomodulatory genes associated with the susceptibility and survival in non-small cell lung carcinoma (created 
with BioRender.com). 
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and its receptors as well as antigen presenting cells (APCs). 
Immune checkpoints are receptor-based signal cascades that negatively regulate T cells and cause immune tolerance, allowing 

tumours to evade immune surveillance [14]. Key inhibitory immunoreceptors includes Cytotoxic T-lymphocytes-associated antigen-4 
(CTLA-4) and Programmed Death-Ligand-1 (PD-L1). CTLA-4 is an immunoglobulin-like receptor expressed on regulatory T (Treg) cells 
and activated CD4+ and CD8+ T cells [14]. PD-1/PD-L1 is an important pair of immune checkpoints, expressed on peripheral T cells, 
Natural Killer (NK) cells, B cells, and monocytes [15]. PD-1 binds to its ligands, PD-L1 and PD-L2, which are not only expressed on 
APCs but also on the exterior of tumour cells [14]. 

Chemokines are pro-inflammatory cytokines that regulates cell migration, adhesion, and cell-cell interactions [16]. Cancer cells 
and recruited immune cells shape tumorigenesis through chemokine ligands and receptors [17]. Genetic polymorphism in chemokines 
expression or function may attenuate immune responses against various cancers. Among cytokines, several interleukins (ILs) can also 
interact with a variety of cells that alter the immune system and act on a wide range of cancers [18]. It was discovered that cytokines 
are also produced by cancer cells [19], and its receptors to escape immune attack [20]. Recent genetic susceptibility studies focus on 
SNPs in candidate genes, including chemokine and interleukins due to their critical roles in invasion, migration, and metastasis [21]. 

In order to avoid immune elimination, tumours have adopted loss of human leukocyte antigen (HLA) molecules and dysregulation 
of antigen presenting machinery (APM) genes or proteins as a strategy. HLA molecules and Killer-cell immunoglobulin-like receptor 
(KIR) serve as ligands and receptors, respectively, and their interplay is important for transmitting activating or inhibitory signals 
which plays a role in the defence against tumour cells [22]. Defects in APM may enable tumour cells to evade T lymphocyte-mediated 
recognition and lysis [23] and abrogates T cell-mediated antitumor immunity [9]. Genetic variation of genes or proteins involved in 
HLA, KIR and APM facilitates immune evasion which is known to be associated with the risk of occurrence of several malignancies 
[24]. 

3. Genetic polymorphisms of immunomodulatory markers on NSCLC susceptibility and prognosis 

3.1. Immune checkpoint and immune checkpoint inhibitors genes 3.1.1 CTLA-4 

Among the polymorphisms of CTLA-4, +49 Adenine (A)/Guanine (G) (rs231775) and − 318 Cytosine (C)/Thymine(T) (rs5742909) 
are widely studied functional polymorphisms. Results from a study [25] indicated that individuals carrying +49 GG-allele exhibits 
2.23-fold increased lung cancer susceptibility (OR = 2.23; 95 % CI = 1.17–4.48; P = 0.015) and individuals carrying +49 AG-allele 
exhibits 1.16-fold increased lung cancer susceptibility (OR = 1.16; 95 % CI = 0.62–2.21; P = 0.74), but it is not significant. However 
[25], also indicated that individuals carrying the homozygote +49 AA-allele exhibits decreased likelihood of cancer susceptibility by 
0.41-fold (OR = 0.41; 95 % CI = 0.21–0.78; P = 0.02) as depicted in Table 1. Additional testing also identified +49 AA-genotype as an 
independent prognostic indicator for NSCLC prognosis by 1.6-fold (HR = 1.6; 95 % CI = 1.3–1.9; P = 0.001) [26] as depicted in 
Table 2. 

Antczak et al. [25], showed that individuals carrying − 318 CC-allele (OR = 0.96; 95 % CI = 0.91–1.82; P = 0.15) exhibits decreased 
likelihood of lung cancer susceptibility by 0.96-fold. Besides, − 318 CT-allele (OR = 0.66; 95 % CI = 0.34–1.28; P = 0.97) also exhibits 
decreased likelihood of lung cancer susceptibility by 0.66-fold. However, the results indicated that individuals carrying the homo-
zygote − 318 TT-allele exhibits an increased likelihood of cancer susceptibility by 1.53-fold (OR = 1.53; 95 % CI = 0.81–2.89; P =
0.41), but it is not significant. However, Ma et al. [27] revealed that the +49 G-genotype exhibited 1.15-fold increased cancer risk (OR 
= 1.15; 95 % CI = 0.97–1.36; P = 0.118) and the T-genotype of − 318 polymorphism exhibited 0.74-fold decreased cancer risk (OR =
0.74; 95 % CI = 0.53–1.04; P = 0.085), which is deemed non-significant. 

3.1.1. PD-1/PD-L1 
Among the polymorphisms of PD-1, the identified functional polymorphism is PD-1.5 (+7785) C/T polymorphism (rs2227981) 

while PD-L1 is the (8293) A/C polymorphism (rs2890658). Both AC-genotype and C-allele carriers exhibits increased risk of lung 
cancer susceptibility by 1.55-fold (OR = 1.55; 95 % CI = 1.13–2.13; P = 0.006) and by 1.52-fold (OR = 1.52; 95 % CI = 1.14–2.04; P =
0.004), respectively [27]. Moreover, it was also reported that the homozygote CC-genotype increases the likelihood of lung cancer 
susceptibility by 1.85-fold (OR = 1.85; 95 % CI = 0.52–6.59; P = 0.345), however it is not significant based on the p-value. 

Statistical significance on (CC + CT) versus TT-genotype of PD-1.5 (+7785) C/T polymorphism has been observed by 2.34-fold (OR 
= 2.34; 95 % CI = 1.35–4.06; P = 0.003) [28]. The CC-genotype is strongly linked to NSCLC risk by 2.40-fold (OR = 2.40; 95 % CI =
1.37–4.24; P = 0.002). Meanwhile, the CT-genotype has also significantly increased the risk of advanced NSCLC by 2.22-fold (OR =
2.22; 95 % CI = 1.23–4.02; P = 0.008). The results depicted in Table 1 suggests that PD-1.5 C/T was potentially related to NSCLC 
susceptibility in Asian population, in particular Chinese Han population. In contrast to Ref. [28], other studies have indicated no 
association between PD-1.5 C/T (+7785) polymorphism with NSCLC [27,29]. 

3.1.2. B and T lymphocyte Attenuator (BTLA) 
BTLA garnered significant attention emerging as the newest immune checkpoint. BTLA (rs1982809) was found to reduce the risk of 

NSCLC for GA vs GG genotype by 0.81-fold (OR = 0.81; 95 % CI = 0.66–0.99; P = 0.043) [30]. In contrast to Ref. [30], another study 
revealed that genotypes distribution analysis in Polish population showed AG + GG genotypes were more frequent in the NSCLC group, 
indicating G allele increases susceptibility to NSCLC by 1.304-fold (OR = 1.304; 95 % CI = 0.99–1.71; P = 0.057) [31]. Allele dis-
tribution analysis also confirmed that G allele (rs1982809) is significantly associated with increased NSCLC risk by 1.254-fold (OR =
1.254; 95 % CI = 1.01–1.57; P = 0.046). Moreover, the (rs1982809) AA genotype was found to be an independent risk factor for OS by 
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1.52-fold (HR = 1.52; 95 % CI = 1.12–2.07; P = 0.01) in the multivariate analysis stratified for smokers. 

3.2. Chemokine and chemokine receptors 

3.2.1. Stromal cell-derived factor-1 (SDF-1) and C-X-C- chemokine receptor 4 (CXCR4) 
The SDF-1 G801A G/A polymorphism (rs1801157) can be regarded as a potential risk factor of increasing LC probability [10]. 

Individuals with SDF1-3′AA-genotype had a 1.95-fold increased cancer risk (OR of 1.95; 95 % CI = 1.08–3.50; P = 0.018) whereas 
individuals with CXCR4-138 TT-genotype had a 4.71-fold increased cancer risk (OR = 4.71; 95 % CI = 1.99–11.2; P < 0.0001) for 
NSCLC susceptibility [32]. Ma et al. [11], also revealed consistent results that SDF-1 (rs1804429) remained as a significant prognostic 
marker of NSCLC with an increased risk of death. After adjusting for age, gender, histology, stage and treatment status, CC-genotype 
(HR = 6.03; 95 % CI = 1.44–25.24) and AC-genotype (HR = 1.23; 95 % CI = 0.88–1.73) genotype were significantly associated with 
unfavorable prognosis of NSCLC for CXCL12 (rs1804429). 

Contradictory to Refs. [11,32] findings, another study has revealed that SDF-1 G801A polymorphism was not a risk factor for 
NSCLC in Chinese Han population [33]. NSCLC patients with homozygote AA-allele carriers exhibit 1.328-fold cancer risk (OR =
1.328; 95 % CI = 0.542–3.784; P = 0.523) and heterozygote GA-allele carriers exhibit 1.268-fold cancer risk (OR = 1.268; 95 % CI =
0.811–2.583; P = 0.361). Hence, it can be deduced that both the AA and GA-genotype may have an association to NSCLC susceptibility 
as the results are deemed not significant [33]. 

3.2.2. Monocyte chemoattractant protein-1 (MCP-1) 
− 2518 MCP-1 is a biallelic G/A polymorphism in the MCP-1 gene. Yang et al. [34] indicates that the distributions of AA, AG and 

GG-genotypes of − 2518 MCP-1 were significantly different in NSCLC patients compared to controls (P = 0.006). A significant increase 
in the frequency for AA-genotype (OR = 3.138; 95 % CI = 1.480–6.652; P = 0.003) and a significant decrease in the frequency for the 
GG-genotype (OR = 0.516; 95 % CI = 0.282–0.944; P = 0.032) was observed in the NSCLC patients. Meanwhile, the A-genotype 
exhibited increased cancer risk by 1.963-fold (OR = 1.963; 95 % CI = 1.301–2.962; P = 0.001) and G-genotype exhibited decreased 
cancer risk by 0.509-fold (OR = 0.509; 95 % CI = 0.337–0.768; P = 0.001). Based on these results, it is suggestible that the − 2518 
MCP-1 G/A polymorphism is associated with genetic susceptibility to NSCLC. In another study [35], MCP-1 expression in cancer cells 
showed an independent prognostic factor for OS by 0.256-fold (HR = 0.256; 95 % CI = 0.106–0.616; P = 0.002), indicating that MCP-1 
is overexpressed, its expression is associated with better survival in NSCLC patients. 

3.2.3. C–C motif ligand 2 (CCL2) and C–C motif ligand 8 (CCL8) 
A study conducted in Chinese population established that variant genotypes of CCL2 (rs3760396) and CCL8 (rs3138035) were 

associated with a significantly decreased risk of death for NSCLC [11]. The CC-genotype of CCL2 exhibited 0.80-fold decreased NSCLC 
mortality risk (HR = 0.80; 95 % CI = 0.25–2.62) whereas the CG-genotype exhibited 0.64-fold decreased NSCLC mortality risk (HR =
0.64; 95 % CI = 0.47–0.88). Meanwhile, the CC/CG-genotype displayed 0.65-fold decreased mortality risk (HR = 0.65; 95 % CI =
0.48–0.89) for CCL2 (rs3760396). Besides, the AA-genotype of CCL8 exhibited 0.99-fold decreased NSCLC mortality risk (HR = 0.99; 
95 % CI = 0.36–2.70) whereas the AG-genotype exhibited 0.63-fold decreased NSCLC mortality risk (HR = 0.63; 95 % CI = 0.47–0.85). 
Meanwhile, the AA/AG-genotype displayed 0.65-fold decreased NSCLC mortality risk (HR = 0.65; 95 % CI = 0.49–0.86) for CCL8 
(rs3138035). 

Further analysis indicated that only CCL8 was an independent prognostic factor of NSCLC, suggesting CCL8 as a potential NSCC 
biomarker [11]. However, in another study [36], it has been established that CCL2 expression levels could serve as potential prognostic 
biomarker for NSCLC patients. Based on this study, CCL2 overexpression in lung SCC patients was associated with beneficial OS (P =
0.048) and progression-free survival (PFS) (P = 0.012). Meanwhile, lung AC patients with higher CCL2 expression had unfavorable OS 
(P = 6.7e-08) and PFS (P = 0.00098) as depicted in Table 2. 

3.3. Interleukins (IL) 

3.3.1. IL-17 
IL-17A, commonly referred as IL-17 plays critical roles in cancer immunity including NSCLC. Cheng et al. [37] identified that 

IL-17A G/A (rs8193037) SNP was associated with increased NSCLC susceptibility, especially to AC in Han Chinese population. The 
data revealed that the prevalence of (rs8193037) GA-genotype (OR = 2.20; 95 % CI = 1.53–3.16; P < 0.001) and AA-genotype (OR =
3.19; 95 % CI = 1.42–7.15; P = 0.003) were significantly higher in the patients. This data indicates that both the GA and AA-genotypes 
significantly increases the likelihood of NSCLC susceptibility by 2.20-fold and 3.19-fold, respectively. Further analyses showed 
significantly higher percentage of A-allele (rs8193037) in AC by 1.72-fold (OR = 1.72; 95 % CI = 1.12–2.64; P = 0.013). These data 
indicates that IL-17A polymorphism is associated with increased risk of NSCLC probably by elevating gene expression [37]. 

Similar to Ref. [37], Ma et al. [38] revealed that IL-17A − 73 G/A polymorphism is also associated with increased NSCLC sus-
ceptibility, especially to AC in the Chinese population. − 73 GA-genotype carriers exhibited 2.09-fold increased risk of NSCLC (OR =
2.09; 95 % CI = 1.46–2.98; P < 0.001) whereas the AA-genotype carriers exhibited 2.52-fold increased risk of NSCLC (OR = 2.52; 95 % 
CI = 1.30–4.88; P = 0.005), as depicted in Table 1. In addition, IL-17 was also displayed as an independent prognostic factor for 
disease-free survival (DFS) in NSCLC by 2.345-fold (HR = 2.345; 95 % CI = 1.012–5.435; P = 0.047) [39]. These results may also 
possibly suggest that IL-17 plays a role in the metastasis of lung cancer by promoting lymphangiogenesis. 
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3.3.2. IL-16 
Studies in several types of solid malignancies have reported strong association between IL-16 levels and cancer progression. A study 

conducted in Spanish population revealed a trend toward overrepresentation of GG-genotype with high risk of NSCLC clinical out-
comes [40]. IL-16 (rs7170924) GG-genotypes predicted higher mortality risk in NSCLC patients by 1.82-fold (HR = 1.82; 95 % CI =
1.13–2.94; P = 0.0139). Besides, GG-genotype carriers also presented a trend towards higher risk of progression by 1.42-fold (HR =
1.42; 95 % CI = 0.97–2.09; P = 0.073), but it was reported as not significant based on the p-value. This result was supported by Woods 
et al. [41], revealing that the GG-genotype (rs7170924) was significantly associated with DFS by 0.65-fold (HR = 0.65; 95 % CI =
0.50–0.83), as depicted in Table 2. 

3.3.3. IL-12 
Perez-Ramirez et al. [40] established that IL-12A (rs662959) SNP predicted higher risk of progression in patients with NSCLC. 

TT-genotype carriers presented higher risk of progression in the non-resected NSCLC patient subgroup by 4.49-fold (HR = 4.49; 95 % 
CI = 1.06–18.99; P = 0.0412). Besides, another study [42] reported that the IL-12B (+1188) A/C (rs3212227) SNP was associated with 
NSCLC risk. The minor G-allele was correlated with elevated NSCLC with the GG-genotype exhibiting 1.80-fold increased NSCLC risk 
(OR = 1.80; 95 % CI = 1.26–2.55; P = 0.003) and GT-genotype exhibiting 1.16-fold increased NSCLC risk (OR = 1.16; 95 % CI =
0.86–1.57; P = 0.003). 

3.3.4. IL-1β 
IL-1β plays an important role in various inflammatory diseases including lung cancer [43]. IL-1β-31 C/T (rs1143627), IL-1β-511 

T/C (rs16944), IL-1β-1464 G/C (rs1143623) and IL-1β-3893 G/A (rs1261220) were among the several SNPs that have been identified 
and widely investigated. The genotypic logistic regression model adjusted by smoking status showed that IL-1β-31 (rs1143634) 
TT-genotype was associated with a 0.22-fold lower risk of NSCLC (OR = 0.22; 95 % CI = 0.05–0.68; P = 0.013) and the CT-genotype 
was also associated with a 0.69-fold lower risk of NSCLC (OR = 0.69; 95 % CI = 0.46–1.02; P = 0.013) [44]. In another study, the − 31 
T-allele was positively associated with NSCLC risk [45]. The TT-genotype was associated with a 3.247-fold increased risk (OR = 3.247; 
95 % CI = 1.794–5.878, P = 0.01) whereas the CT-genotype was associated with a 2.157-fold increased cancer risk (OR = 2.157; 95 % 
CI = 1.295–3.593; P = 0.003). 

A study on Norwegian population revealed that − 31 C/T (rs1143627) and − 511 T/C (rs16944) were significantly associated with 
NSCLC [46]. The results indicated that T-allele at the − 31 SNP and C-allele at − 511 SNP were overrepresented in NSCLC. The ho-
mozygotes were particularly at higher risk of NSCLC by 2.39-fold for − 31 T/T-genotype (OR = 2.39; 95 % CI = 1.29–4.44; P = 0.01) 
and by 2.51-fold for − 511 C/C genotype (OR = 2.51; 95 % CI = 1.47–4.58; P < 0.01). Moreover, the heterozygotes were at 1.89-fold 
increased risk of NSCLC for − 31 C/T genotype (OR = 1.89; 95 % CI = 1.03–3.46; P = 0.01) and by 1.91-fold increased risk of NSCLC for 
− 511 C/T genotype (OR = 1.91; 95 % CI = 1.06–3.40; P < 0.01). 

The results from Ref. [46] was consistent with Li et al. [47] who detected significant associations between NSCLC and IL-1β SNPs. 
The GA-genotype (rs1261220) for IL-1β-3893 exhibited 0.96-fold decreased NSCLC risk (OR = 0.96; 95 % CI = 0.77–1.20; P = 0.74) 
whereas the AA-genotype (rs1261220) exhibited 1.01-fold increased NSCLC risk (OR = 1.01; 95 % CI = 0.75–1.37; P = 0.95), but it is 
not significant based on the p-value. For IL-1β-1464, GC-genotype (rs1143623) exhibited 0.90-fold decreased NSCLC risk (OR = 0.90; 
95 % CI = 0.72–1.12; P = 0.32) and the CC-genotype (rs1143623), exhibited 0.99-fold decreased NSCLC risk (OR = 0.99; 95 % CI =
0.74–1.34; P = 0.96), but it is also not significant. CC-genotype (rs16944) of IL-1β-511 exhibits 1.05-fold increased NSCLC risk (OR =
1.05; 95 % CI = 0.79–1.38; P = 0.75) while TC-genotype (rs16944) exhibits 0.95-fold decreased NSCLC risk (OR = 0.95; 95 % CI =
0.74–1.23; P = 0.71), but it is not significant based on the p-value. For IL-1β-31, TT-genotype (rs1143627) shows a 1.09-fold increased 
NSCLC risk (OR = 1.09; 95 % CI = 0.82–1.46; P = 0.54) and the CT-genotype (rs1143627) shows a 0.98-fold decreased NSCLC risk (OR 
= 0.98; 95 % CI = 0.75–1.26; P = 0.85), but it is also not significant. 

In addition, Metwally et al. [48] conducted a study on Egyptian population that has revealed IL-1β (rs16944) patients with het-
erozygous CT genotype were less prone to NSCLC by 0.16-fold (OR = 0.16; 95 % CI = 0.05–0.56; P = 0.004) in a codominant model. 
Decreased risk of NSCLC was also observed in dominant model for TT + CT genotypes by 0.17-fold (OR = 0.17; 95 % CI = 0.05–0.59; P 
= 0.005) and in the overdominant model for TT + CC genotypes by 0.15-fold (OR = 0.15; 95 % CI = 0.05–0.44; P = 0.001), 
respectively. 

3.3.5. IL-10 
IL-10 polymorphisms include IL-10-1082, IL-10-819 and IL-10-592. Shih et al. [49] reported that IL-10-1082 G-allele, IL-10-819 

C-allele and IL-10-592 C-allele frequency was independently higher in NSCLC patients. Higher susceptibility for NSCLC were 
observed in individuals with G-allele of IL-10-1082 by 5.26-fold (OR = 5.26; 95 % CI = 2.65–10.4, P < 0.0001), C-allele of IL-10-819 by 
1.57-fold (OR = 1.57; 95 % CI = 1.15–2.16, P = 0.005) and C-allele of IL-10-592 by 1.59-fold (OR = 1.59; 95 % CI = 1.15–2.19, P =
0.005). These results were also supported by Hart et al. [50], revealing a significant association of IL-10-592 SNP (rs1800872) with 
increased risk of NSCLC by 1.35-fold (OR = 1.35; 95 % CI = 1.01–1.81, P = 0.019) in the Norwegian population. 

A study on South Indian population revealed that IL-10-1082 G/G polymorphism was significantly associated with NSCLC [51] as 
depicted in Table 1. The GG-genotype was correlated with 1.68-fold increased NSCLC risk (OR = 1.68; 95 % CI = 1.11–2.29; P = 0.01). 
Furthermore, the IL-10-1082 G/G polymorphisms showed two-fold increased risk among patients who were smokers. However, 
(rs3021094), an intronic SNP of IL-10 was examined in a study [42] that showed a decreased susceptibility towards NSCLC. The 
GG-genotype (rs3021094) was associated with a 0.46-fold decreased risk of NSCLC (OR = 0.46; 95 % CI = 0.29–0.72; P < 0.001). 
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3.3.6. IL-18 
IL-18-607 A/C polymorphism has established a significant association with the risk of NSCLC in Chinese population [52]. The 

results showed that the AA/AC-genotype distribution in NSCLC patients was significantly higher (P = 0.02). On the other hand, the 
minor G-allele of IL-18 (rs5744256) and (rs1834481) were correlated with decreased risk of NSCLC (P < 0.05), whereas, in contrast, 
the minor T-allele (rs5744224) was correlated with an increased risk of NSCLC (P < 0.05) [42]. GG-genotype (rs5744256) exhibited a 
0.59-fold decreased NSCLC risk (OR = 0.59: 95 % CI = 0.37–0.95; P = 0.040) and AG-genotype exhibited a 0.79-fold decreased NSCLC 
risk (OR = 0.79; 95 % CI = 0.61–1.02; P = 0.040). The GG-genotype (rs1834481) exhibited a 0.56-fold decreased NSCLC risk (OR =
0.56; 95 % CI = 0.34–0.93; P = 0.022) and CG-genotype exhibited a 0.76-fold decreased NSCLC risk (OR = 0.76; 95 % CI = 0.59–0.99; 
P = 0.022). Besides, TT-genotype (rs5744224) exhibited a 1.45-fold increased NSCLC risk (OR = 1.45; 95 % CI = 1.01–2.08; P = 0.014) 
whereas the AT-genotype exhibited a 0.89-fold decreased NSCLC risk (OR = 0.89; 95 % CI = 0.67–1.19; P = 0.014). 

3.3.7. IL-6 
Metwally et al. [48] also investigated on IL-6 (rs1800795) to the risk of NSCLC in genetic models. It is revealed that (rs1800795) CC 

+ GC genotypes amplified the NSCLC risk in the dominant model (adjusted, OR = 2.34, 95 % CI = 1.17–4.6; P = 0.015), and GC 
genotype raised the NSCLC risk in the overdominant model (adjusted, OR 2.1 95 % CI = 1.06–4.27; P = 0.033). Under the allele model, 
the mutant C allele significantly increased NSCLC risk by 2.28-fold (adjusted, OR 2.28, 95 % CI = 1.2–4.33; P = 0.011). 

3.4. HLA and receptors 

HLA-G has recently gained popularity among the immunosuppressive molecules expressed by various cancer cells contributing to 
their immune escape [53]. The HLA-G gene contains at least 35 SNPs [54] with three polymorphisms, − 716 T/G (rs2249863), − 725 
C/G/T (rs1233334), − 964 G/A (rs1632947) that are widely known as functional polymorphisms. Wisniewski et al. [55] reported that 
only − 964 A/G demonstrated a significant difference where GG-genotype increases the NSCLC likelihood by 1.31-fold (OR = 1.31; 95 
% CI = 0.88–1.95; P = 0.0392) while GA-genotype reduces the NSCLC likelihood by 0.84-fold (OR = 0.84; 95 % CI = 0.59–1.2; P =
0.03892). 

Nevertheless, no significant correlations were found between NSCLC and − 725 C/G/T or − 716 T/G among Polish patients [56]. 
− 716 GG and GT-genotype decreases the likelihood of NSCLC by 0.75-fold (OR = 0.75; 95 % CI = 0.42–1.34; P = 0.2998) and by 
0.74-fold (OR = 0.74; 95 % CI = 0.46–1.19; P = 0.2998), respectively. But it is regarded as not significant based on the p-values. 
Besides, the − 725 GG/GT-genotype increases the risk of NSCLC by 2.62-fold (OR = 2.62; 95 % CI = 0.69–9.96) whereas the 
CT/CG-genotype also increases the NSCLC risk by 1.06-fold (OR = 1.06; 95 % CI = 0.68–4.09). However, the p-value for all com-
parisons of HLA-G polymorphisms was non-significant (P = 0.3623). 

This result was supported by Wisniewski et al. [55], where the global P value for − 716 and − 725 HLA-G polymorphisms was 
non-significant (P = 0.062) in Polish population. The − 716 GT-genotype exhibits a 0.86-fold decreased NSCLC risk (OR = 0.86; 95 % 
CI = 0.61–1.23) whereas TT-genotype exhibits a 1.29-fold increased NSCLC risk (OR = 1.29; 95 % CI = 0.87–1.93), but both genotypes 
are not significant (P = 0.0681). Besides, − 725 GG-genotype exhibits a 2.5-fold increased NSCLC risk (OR = 2.5; 95 % CI =
0.59–10.57) while the GT-genotype exhibits a 4.5-fold increased NSCLC risk (OR = 4.5; 95 % CI = 0.47–43.54), but both genotypes are 
also not significant (P = 0.4641). − 725 CG-genotype exhibited increased risk of NSCLC by 1.01-fold (OR = 1.01; 95 % CI = 0.66–1.55), 
CT-genotype exhibited increased risk of NSCLC by 1.5-fold (OR = 1.5; 95 % CI = 0.70–3.21) and GC-genotype exhibited decreased risk 
of NSCLC by 0.96-fold (OR = 0.96; 95 % CI = 0.60–1.54). All these three genotypes are deemed to be non-significant (P = 0.4641). 

The inhibitory receptor for HLA-G is killer cell immunoglobulin-like receptor 2DL4 (KIR2DL4) leukocyte immunoglobulin-like 
receptor B member 1 (LILRB1). LILRB1 (5724) G/A polymorphism was found to influence the risk of NSCLC [55]. GA-genotype 
exhibited 0.71-fold lower susceptibility of NSCLC (OR = 0.71; 95 % CI = 0.51–1.00; P = 0.0491). Similarly, AA-genotype exhibi-
ted a 0.67-fold lower susceptibility of NSCLC (OR = 0.67; 95 % CI = 0.17–2.70; P = 0.0491). A slight difference was also observed in 
the probability of patients’ survival in LILRB1 (5724) G/A-genotypes, but the result was non-significant. 

Furthermore, Wisniewski et al. [55] also studied the 9620 9A/10A (rs11410751) KIR2DL4 polymorphism. However, there were no 
effect observed to prove the prevalence of NSCLC with this polymorphism. This result was also supported by Falco et al. [57] where no 
correlation among individual KIR genes with NSCLC susceptibility was detected. In contrast to Ref. [57], KIR3DL2 (rs4487030) A/G 
SNP was found to be associated with better NSCLC survival by 0.84-fold (HR = 0.84; 95 % CI = 0.76–0.92, P < 0.001) [58]. Additional 
analyses suggested that genetic variants of KIR3DL2 may be potential prognostic marker for NSCLC survival. 

3.5. APM genes 

In recent years, transporter associated with antigen processing 1 (TAP1) and 2 (TAP2) have been reported to be associated with 
multiple cancer risks [59]. Liu et al. [60] investigated TAP1 and TAP2 SNPs association with NSCLC in Han Chinese population. Based 
on his results, none of the SNPs investigated in TAP1 was associated with NSCLC risk (P > 0.0038). However, TAP2 (rs2228396) alleles 
were found to be significantly different between NSCLC patients and healthy controls. The A-allele might be associated with an 
increased NSCLC risk by 1.65-fold (OR = 1.65; 95 % CI = 1.23–2.21; P = 0.001). These suggests A-allele and G/A-genotype as a 
potential risk factor for NSCLC. Additionally, TAP2 (rs241441) T/C-genotype was strongly linked to NSCLC with T-allele displaying 
increased NSCLC risk by 1.30-fold (OR = 1.30; 95 % CI = 1.06–1.60; P = 0.013) [60] as depicted in Table 1. 

Three independent functional SNPs, endoplasmic reticulum aminopeptidase protein 1 (ERAP1) (rs469783) T/C, proteasome in-
hibitor subunit 1 (PSMF1) (rs13040574) C/A and neutrophil cytosolic factor 2 (NCF2) (rs36071574) G/A was found to remain 
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Table 1 
Summary of the single nucleotide polymorphisms of immunomodulatory markers on the susceptibility of non-small cell lung carcinoma.  

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of specimen Genotyping method Odds Ratio 
(Confidence interval) 

Cancer Risk References     

CTLA-4 

+49 (rs231775) A/ 
G 

AA Case-control study Polish (Poland) Lung tissue and 
peripheral blood 

TaqMan PCR 0.41 (95 % CI =
0.21–0.78; p = 0.02) 

DECREASED  
[25]) 

AG 1.16 (95 % CI =
0.62–2.21; p = 0.74) 

NS 

GG 2.23 (95 % CI =
1.17–4.48′ p = 0.015) 

INCREASED 

-318 (rs5742909) 
C/T 

CC 0.96 (95 % CI =
0.91–1.82; p = 0.15) 

NS 

CT 0.66 (95 % CI =
0.34–1.28; p = 0.97) 

NS 

TT 1.53 (95 % CI =
0.81–2.89; p = 0.41) 

NS 

+49 (rs231775) A/ 
G 

G Case-control study Chinese (China) Peripheral blood 
leukocytes 

PCR-RFLP 1.15 (95 % CI =
0.97–1.36; p = 0.118) 

NS [27] 

− 318 (rs5742909) 
C/T 

T 0.74 (95 % CI =
0.53–1.04; p =
0.0085) 

DECREASED    

PD-1  

PD-1.5 + 7785 
(rs2227981) C/T 

CC  
Population-based 
case-control study 

Chinese Han 
(China) 

Peripheral 
venous blood   

PCR 

2.40 (95 % CI =
1.37–4.24; p = 0.002) 

INCREASED [28] 

CT 2.22 (95 % CI =
1.23–4.02; p = 0.008) 

INCREASED 

CC + CT 2.34 (95 % CI =
1.35–4.06; p = 0.003) 

INCREASED   

PD-L1 

+8923 (rs2890658) 
A/C 

AC  
Case-control study 

Chinese (China) Peripheral blood 
leukocytes  PCR-RFLP 

1.55 (95 % CI =
1.13–2.13; p = 0.006) 

INCREASED [27] 

CC 1.85 (95 % CI =
0.52–6.59; p = 0.345) 

NS 

C 1.52 (95 % CI =
1.14–2.04; p = 0.004) 

INCREASED 

BTLA rs1982809 G/A AG + GG Case-control study Polish (Poland) Blood Taqman Probes - ViiA 7 Real-Time PCR 
System 

1.304 (95 % CI =
0.99–1.71; p = 0.057) 

INCREASED [31] 

G 1.254 (95 % CI =
1.01–1.57; p = 0.046) 

INCREASED 

GA or GG Chinese (China) Peripheral blood SNPscan kit 0.81 (95 % CI =
0.66–0.99; p = 0.043) 

DECREASED [30] 

CXCL12/ 
SDF-1  SDF-1 G801A 

(rs1801157) G/A 

AA Hospital-based case- 
control study 

Chinese Han 
(China) 

Peripheral blood RFLP 1.328 (95 % CI =
0.542–3.784; p =
0.0523) 

NS [33] 

GA 1.286 (95 % CI =
0.811–2.583; p =
0.361) 

NS 

AA Case-control study Chinese (Taiwan) Venous blood PCR-RFLP 1.95 (95 % CI =
1.08–3.50; p = 0.018) 

INCREASED [32] 

CXCR4 CXCR4-138 
(rs2228014) T/T 

TT 4.71 (95 % CI =
1.99–11.2; p =
<0.0001) 

INCREASED 

(continued on next page) 
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Table 1 (continued ) 

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of specimen Genotyping method Odds Ratio 
(Confidence interval) 

Cancer Risk References  

MCP-1 
MCP-1-2518 
(rs1024611) A/G 

AA  
Case-control study 

Chinese Han 
(China) 

Peripheral blood 
leukocytes 

PCR-RFLP 3.183 (95 % CI =
1.480–6.652; p =
0.003) 

INCREASED [34] 

GG 0.516 (95 % CI =
0.282–0.944; p =
0.032) 

DECREASED 

A 1.963 (95 % CI =
1.301–2.962; p =
0.001) 

INCREASED 

G 0.509 (95 % CI =
0.337–0.768; p =
0.001) 

DECREASED   

IL-17A 

IL-17A(rs8193037) 
G/A 

GA Case-control study Chinese Han 
(China) 

Whole blood Primer-introduced restriction 
analysis–polymerase chain reaction 
(PIRA-PCR) assay 

2.20 (95 % CI =
1.53–3.16; p =
<0.001) 

INCREASED [37] 

AA 3.19 (95 % CI =
1.42–7.15; p = 0.003) 

INCREASED 

IL-17A-73 G/A AA Case-control study Chinese (China) Whole blood NR 2.52 (95 % CI =
1.30–4.88; p = 0.005) 

INCREASED [38] 

GA 2.09 (95 % CI =
1.46–2.98; p =
<0.001) 

INCREASED 

IL-12B  
IL-12B (+1188) 
(rs3212227) A/C 

GG Case-control study Chinese Han 
(China) 

Blood Sequenom MassARRAY RS1000 
(Sequenom, SanDiego, CA). 

1.80 (95 % CI =
1.26–2.55; p = 0.003) 

INCREASED [42] 

GT 1.16 (95 % CI =
0.86–1.57; p = 0.003) 

INCREASED 

IL-1B IL-1B-31 
(rs1143634) C/T 

TT Retrospective Case- 
control study 

South Spanish 
Caucasians 
(Spain) 

Blood and Saliva TaqMan PCR 0.22 (95 % CI =
0.05–0.68; p = 0.013) 

DECREASED [44] 

CT 0.69 (95 % CI =
0.46–1.02; p = 0.013) 

DECREASED 

IL-1B-31 
(rs1143627) C/T 

TT Case-control study Chinese (China) Peripheral blood PCR-RFLP 3.247 (95 % CI =
1.794–5.878; p =
0.001) 

INCREASED [45] 

CT 2.157 (95 % CI =
1.295–3.593; p =
0.003) 

INCREASED 

TT Observational study Norwegian 
(Norway) 

Whole blood or 
normal lung 
tissue 

TaqMan-PCR 2.39 (95 % CI =
1.29–4.44; p = 0.01) 

INCREASED [46] 

CT 1.89 (95 % CI =
1.03–3.46; p = 0.01) 

INCREASED 

IL-1B-511 
(rs16944) T/C 

CC 2.51 (95 % CI =
1.47–4.58; p = <0.01) 

INCREASED 

CT 1.91 (95 % CI =
1.06–3.40; p = <0.01) 

INCREASED 

TT + CT Case-control study Egyptians (Egypt) Blood ARMS-PCR 0.17 (95 % CI =
0.05–0.59; p = 0.005) 

DECREASED [48] 

TT + CC 0.15 (95 % CI =
0.05–0.44; p = 0.001) 

DECREASED 

(continued on next page) 
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Table 1 (continued ) 

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of specimen Genotyping method Odds Ratio 
(Confidence interval) 

Cancer Risk References 

CT = 0.16 (95 % CI =
0.05–0.56; p = 0.004) 

DECREASED 

IL-1B-3893 
(rs1261220) G/A 

GA Case-control study Chinese (China) Peripheral blood SNPscanTM Genotyping system 0.96 (95 % CI =
0.77–1.20; p = 0.74) 

NS [47] 

AA 1.01 (95 % CI =
0.75–1.37; p = 0.95) 

NS 

IL-1B-1464 
(rs1143623) G/C 

GC 0.90 (95 % CI =
0.72–1.12; p = 0.32) 

NS 

CC 0.99 (95 % CI =
0.74–1.34; p = 0.96) 

NS 

IL-1B-511 
(rs16944) T/C 

CC 1.05 (95 % CI =
0.79–1.38; p = 0.75) 

NS 

TC 0.95 (95 % CI =
0.74–1.23; p = 0.71) 

NS 

IL-1B-31 
(rs1143627) C/T 

TT 1.09 (95 % CI =
0.82–1.46; p = 0.54) 

NS 

CT 0.98 (95 % CI =
0.75–1.26; p = 0.85) 

NS 

IL-10 IL-10-1082 
(rs1800896) G/A 

G Case-control study Chinese (Taiwan) Venous blood PCR-RFLP 5.26 (95 % CI =
2.65–10.4; p =
<0.0001) 

INCREASED [49] 

IL-10-819 
(rs1800871) C/T 

C 1.57 (95 % CI =
1.15–2.16; p = 0.005) 

INCREASED 

IL-10-592 
(rs1800872) C/A 

C Case-control study Norwegian 
(Norway) 

Whole blood or 
normal lung 
tissue 

TaqMan genotyping assays 1.59 (95 % CI =
1.15–2.19; p = 0.005) 

INCREASED [50] 

A 1.35 (95 % CI =
1.01–1.81; p = 0.019) 

INCREASED 

IL-10-1082 
(rs1800896) G/A 

GG Case-control study South Indian 
(India) 

Whole blood Amplification refractory mutation 
system polymerase chain reaction 
(ARMS PCR) 

1.68 (95 % CI =
1.11–2.29; p = 0.01) 

INCREASED [51] 

IL-10 (rs3021094) 
G/T 

GG Case-control study Chinese Han 
(China) 

Blood Sequenom MassARRAY RS1000 
(Sequenom, 
SanDiego, CA) 

0.46 (95 % CI =
0.29–0.72; p =
<0.001) 

DECREASED [42] 

IL-18 IL-18 (rs5744256) 
G/A 

GG Case-control study Chinese Han 
(China) 

Blood Sequenom MassARRAY RS1000 
(Sequenom, 
SanDiego, CA). 

0.59 (95 % CI =
0.37–0.95; p = 0.040) 

DECREASED [42] 

AG 0.79 (95 % CI =
0.61–1.02; p = 0.040) 

DECREASED 

IL-18 (rs1834481) 
G/C 

GG 0.56 (95 % CI =
0.34–0.93; p = 0.022) 

DECREASED 

CG 0.76 (95 % CI =
0.59–0.99; p = 0.022) 

DECREASED 

IL-18 (rs5744224) 
T/A 

TT 1.45 (95 % CI =
1.01–2.08; p = 0.014) 

INCREASED 

AT 0.89 (95 % CI =
0.67–1.19; p = 0.014) 

DECREASED 

IL-6 rs1800795 CC + GC Case-control study Egyptians (Egypt) Blood ARMS-PCR 2.34 (95 % CI =
1.17–4.6; p = 0.015) 

INCREASED [48] 

GC 2.1 (95 % CI =
1.06–4.27; p = 0.033 

INCREASED 

(continued on next page) 
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Table 1 (continued ) 

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of specimen Genotyping method Odds Ratio 
(Confidence interval) 

Cancer Risk References 

G 2.28 (95 % CI =
1.2–4.33; p = 0.011 

INCREASED 

HLA-G − 964 (rs1632947) 
A/G 

GG Case-control study Polish (Poland) Venous blood Applied Biosystems (Foster City, 
CA) ready-made Assay-on Demand 

1.31 (95 % CI =
0.88–1.95; p =
0.0392) 

INCREASED [55] 

GA 0.84 (95 % CI =
0.59–1.2; p = 0.0392) 

DECREASED 

− 716 (rs2249863) 
T/G 

GT TaqMan PCR 0.86 (95 % CI =
0.61–1.23; p =
0.0681) 

NS 

TT 1.29 (95 % CI =
0.87–1.93; p =
0.0681) 

NS 

− 725 (rs1233334) 
C/G/T 

GG 2.5 (95 % CI =
0.59–10.57; p =
0.4641) 

NS 

GT 4.5 (95 % CI =
0.47–43.54; p =
0.4641) 

NS 

CG 1.01 (95 % CI =
0.66–1.55; p =
0.4641) 

NS 

CT 1.5 (95 % CI =
0.70–3.21; p =
0.4641) 

NS 

GC 0.96 (95 % CI =
0.60–1.54; p =
0.4641) 

NS 

− 716 (rs2249863) 
T/G 

GG Case-control study Polish Caucasian 
(Poland) 

Whole blood 
leukocytes 

PCR 0.75 (95 % CI =
0.42–1.34; p =
0.2998) 

NS [56] 

GT 0.74 (95 % CI =
0.46–1.19; p =
0.2998) 

NS 

− 725 (rs1233334) 
C/G/T 

GG or GT 2.62 (95 % CI =
0.69–9.96; p =
0.3623) 

NS 

CT or CG 1.06 (95 % CI =
0.68–4.09; p =
0.3623) 

NS 

LILRB1 LILRB1 (5724) 
(rs16985478) G/A 

GA Case-control study Polish (Poland) Venous blood NR 0.71 (95 % CI =
0.51–1.00; p =
0.0491) 

DECREASED [55] 

AA 0.67 (95 % CI =
0.17–2.70; p =
0.0491) 

DECREASED 

TAP 2 (rs2228396) G/A A Case-control study Chinese (China) Peripheral blood TaqMan - PCR 1.65 (95 % CI =
1.23–2.21; p = 0.001) 

INCREASED [60] 

(continued on next page) 
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Table 1 (continued ) 

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of specimen Genotyping method Odds Ratio 
(Confidence interval) 

Cancer Risk References 

(rs241441) T/C T 1.30 (95 % CI =
1.06–1.60; p = 0.013) 

INCREASED 

ERAP1 rs26653 G/C GC 
(smokers) 

Case-control study Polish (Poland) Whole blood TaqMan SNP Genotyping Assay - PCR 1.01 (95 % CI =
0.69–1.47; p = 0.011) 

INCREASED [59] 

CC 
(smokers) 

2.56 (95 % CI =
1.07–10.1; p = 0.011) 

INCREASED 

GC (non- 
smokers) 

0.51 (95 % CI =
0.25–0.97; p = 0.011) 

DECREASED 

CC (non- 
smokers) 

0.42 (95 % CI =
0.06–1.17; p = 0.011) 

DECREASED  
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Table 2 
Summary of the single nucleotide polymorphisms of immunomodulatory markers on the survival of non-small cell lung carcinoma.  

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of 
specimen 

Genotyping method Treatment Survival (OS/PFS/ 
DSS) – Hazard 
Ratio 

Cancer 
survival 

References 

CTLA-4 NA AA Observational study Northen Chinese 
(China) 

Peripheral 
blood 

PCR-RFLP Platinum-based 
chemo-therapy (270),  

Radiotherapy [20], 
Radiotherapy and 
chemo-therapy [23], 
Treatment by other 
methods or no 
treatment [15] 

1.6 (95 % CI =
1.3–1.9; p =
0.001) 

DECREASED [26] 

BTLA rs1982809 G/ 
A 

AA Case-control study Polish (Poland) Blood Taqman Probes - ViiA 7 
Real-Time PCR System 

NA OS - 1.52 (95 % CI 
= 1.12–2.07; p =
0.01) 

INCREASED [31] 

CXCL12/ 
SDF-1 

rs1804429 A/ 
C 

CC Prospective study Chinese (China) Venous blood 
leukocytes 

Illumina GoldenGate Assay NA 6.03 (95 % CI =
1.44–25.24) 

NC [11] 

AC 1.23 (95 % CI =
0.88–1.73) 

NC 

CCL2 − 972 
(rs3760396) 
G/C 

CC PCR-RFLP genotyped 
by using the Illumina 
GoldenGate platform 

0.80 (95 % CI =
0.25–2.62) 

NC 

CG 0.64 (95 % CI =
0.47–0.88) 

NC 

CC or CG 0.65 (95 % CI =
0.48–0.89) 

NC 

NA NA Case-control study Chinese (China) NSCLC tissue 
specimens 

NA No treatment received SCC (OS) – p =
0.048 
AC (OS) – p =
6.7e08 
SCC (PFS) – p =
0.012 
AC (PFS) – p =
0.00098 

INCREASED 
INCREASED 
DECREASED 
DECREASED 

[36] 

CCL8 rs3138035 A/ 
G 

AA Prospective study Chinese (China) Venous blood 
leukocytes 

Illumina GoldenGate Assay NR 0.99 (95 % CI =
0.36–2.70) 

NC [11] 

AG 0.63 (95 % CI =
0.47–0.85) 

NC 

AA or AG (95 % CI =
0.49–0.86) 

NC 

IL-16 rs7170924 G/ 
T 

GG Prospective cohort 
study 

South Spanish 
Caucasian 
(Spain) 

Blood TaqMan RT-PCR No treatment received OS – 1.82 (95 % CI 
= 1.13–2.94; p =
0.0139) 
PFS – 1.42 (95 % 
CI = 0.97–2.09; p 
= 0.073) 

DECREASED 
NS 

[40] 

Prospective study Hispanic/Latino Peripheral 
blood 

Illumina GoldenGate Assay Surgery and adjuvant 
chemo-therapy 

DFS – 0.65 (95 % 
CI = 0.50–0.83) 

NC [41] 

IL-12A rs662959 C/T TT Prospective cohort 
study 

South Spanish 
Caucasian 
(Spain) 

Blood TaqMan RT-PCR No treatment received PFS – 4.49 (95 % 
CI = 1.06–18.99; p 
= 0.0412) 

INCREASED [40] 

(continued on next page) 
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Table 2 (continued ) 

Gene SNPs Genotype/ 
Allele 

Type of study Study population Type of 
specimen 

Genotyping method Treatment Survival (OS/PFS/ 
DSS) – Hazard 
Ratio 

Cancer 
survival 

References 

KIR3DL2 rs4487030 A/ 
G 

A/G GWAS genotyping 
dataset of (PLCO) 
(HLCS) 

PLCO – United 
States 
HLCS 
(Caucasian) 

Whole blood Illumina 
HumanHap240Sv1.0 and 
HumanHap 550v3.0 

Intervention arm: 
Trial Screening for 
PLCO cancers 
Control arm: Routine 
medical care 

OS – 0.84 (95 % CI 
= 0.76–0.92; p =
<0.001) 

INCREASED [58] 

ERAP1 rs469783 T/C C GWAS genotyping 
dataset of (PLCO) 

PLCO (European 
descent) - United 
States 

Whole blood Illumina 
HumanHap240Sv1.0 and 
HumanHap 550v3.0 

Intervention arm: 
Trial Screening for 
PLCO 
Control arm: Routine 
medical care 

OS – 0.65 (95 % CI 
= 0.52–0.80; p =
<0.001) 
DSS – 0.64 (95 % 
CI = 0.51–0.81; p 
= 0.0002) 

INCREASED 
DECREASED 

[61] 

PSMF1 rs1304057 C/ 
A 

A OS – 0.75 (95 % CI 
= 0.61–0.92; p =
0.007) 
DSS – 0.76 (95 % 
CI = 0.61–0.95; p 
= 0.015) 

INCREASED 
DECREASED 

NCF2 rs3607157 G/ 
A 

A OS – 2.35 (95 % CI 
= 0.87–6.38; p =
0.093) 
DSS – 2.68 (95 % 
CI = 0.99–7.29; p 
= 0.053) 

NS 
NS 

NC indicates not conclusive as the p-value is not provided. 
NS indicates not significant. 
*Indicates P is less than 0.05. 
**Indicates P is less than 0.01. 
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significant for OS [61]. Patients with ERAP1, C-genotype was associated with better survival by 0.65-fold (HR = 0.65; 95 % CI =
0.52–0.80; P < 0.0001) and by 0.64-fold (HR = 0.64; 95 % CI = 0.51–0.81; P = 0.0002) for disease-specific survival (DSS). PSMF1 
A-genotype carriers was also associated with better survival by 0.75-fold (HR = 0.75; 95 % CI = 0.61–0.92 and P = 0.007) and by 
0.76-fold (HR = 0.76; 95 % CI = 0.61–0.95, P = 0.015) for DSS. In contrast, NCF2 A-genotype was associated to poor survival by 
2.35-fold (HR = 2.35; 95 % CI = 0.87–6.38; P = 0.093) and by 2.68-fold (HR = 2.68; 95 % CI = 0.99–7.29; P = 0.053) for DSS as 
depicted in Table 2. 

Wisniewski et al. [59] discovered that GC-genotype had the same risk with GG-genotype carriers which showed increased NSCLC 
risk by 1.01-fold (OR = 1.01; 95 % CI = 0.69–1.47; P = 0.011) in the smokers’ group for ERAP1 (rs26653). However, individuals with 
CC-genotype exhibited a 2.56-fold higher risk of NSCLC (OR = 2.56; 95 % CI = 1.07–10.1; P = 0.011). In never-smokers group, 
CC-genotype carriers exhibited a 0.42-fold decreased NSCLC risk (OR = 0.42; 95 % CI = 0.06–1.17; P = 0.011) and GC-genotype 
carriers exhibited a 0.51-fold decreased NSCLC risk (OR = 0.51; 95 % CI = 0.25–0.97; P = 0.011). This concludes that there is a 
significant relationship between (rs26653) GC-genotype with NSCLC and is dependent on the smoking status. 

4. Implication and clinical relevance 

This review delves into the intricate landscape of immunomodulatory gene polymorphisms in NSCLC, revealing noteworthy in-
sights into their association with both susceptibility to NSCLC and prognosis outcomes. The concise findings outlined in this review, as 
elucidated through Tables 1 and Table 2 quantifies the magnitude of these associations. Moreover, it also emphasizes the clinical 
relevance of the identified genetic variations, shedding light on their potential implications for understanding and managing NSCLC. 

The meticulous analysis of existing literatures has pinpointed significant associations with immune checkpoints, chemokines and 
interleukins towards NSCLC risk. The identification of SNPs in immunomodulatory markers, as highlighted in this review, emerges as a 
promising avenue for the exploration of potential predictive biomarkers for NSCLC [62]. Certain genetic variations in CTLA-4 
(rs231775), PD-1.5 (rs2227981), PD-L1 (rs2890658), SDF-1 (rs1801157), CXCR4 (rs2228014), MCP-1 (rs1024511), IL-17A 
(rs8193037), IL-17A-73, IL-12B (rs3212227), IL-1B-31 (rs1143627), IL-1B-511 (rs16944), IL-10-1082 (rs1800896), IL-10-819 
(rs1800871), IL-10-592 (rs1800872), IL-18 (rs5744224), IL-6 (rs1800795), HLA-G (rs1632947), TAP 2 (rs2228396), TAP 2 
(rs241441) and ERAP 1 (rs26653) may potentially act as biomarkers associated with an increased risk of developing NSCLC (Fig. 2). 

By studying these polymorphisms, researchers can identify specific markers indicating susceptibility to the disease, therefore 
facilitating early detection. Moreover, the comprehension of these markers also aids in stratifying individuals into distinct risk groups. 
Individuals with an elevated genetic risk can be subjected to more vigilant monitoring, allowing for earlier detection through imaging 
or alternative screening techniques. Additionally, individuals in this high-risk category can also be advised and receive guidance on 
lifestyle modifications or interventions aimed at diminishing their overall risk or detecting the disease at an earlier, more treatable 
stage. These biomarkers serve as valuable indicators for risk stratification and preventive strategies, providing clinicians with insights 
for more efficacious patient management [63]. 

Immunomodulatory gene polymorphisms can impact the response to specific treatments, including immunotherapies and targeted 

Fig. 2. Role of immunomodulatory single nucleotide polymorphisms in NSCLC. The figure shows respective restriction sites and alleles of 
immunomodulatory single nucleotide polymorphism associated with susceptibility and prognosis of NSCLC (created with BioRender.com). 
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therapies. Knowledge of these polymorphisms allows for more accurate and precise predictions regarding how an individual patient 
might respond to various treatment modalities. This review underscores certain genetic variations in CTLA-4, BTLA (rs1982809), 
CCL2, IL-12A (rs662959), IL-16 (rs7170924), KIR3DL2 (rs4487030), ERAP 1 (rs469783) and PSMF1 (rs1304057) displayed significant 
association to OS, PFS and DSS rates in NSCLC (Fig. 2). Patients harbouring specific polymorphisms may experience a more favourable 
or unfavorable prognosis, offering valuable information for clinicians to tailor their treatment plans for patients. In early-stage disease, 
the identification of specific polymorphisms facilitates personalized medical care by guiding treatment decisions based on the patient’s 
genetic profile. For advanced-stage NSCLC, this knowledge guides the selection of targeted therapies, optimizing the likelihood of a 
more effective response and ultimately improving overall patient outcomes. The integration of genetic information into clinical care 
enhances precision and individualization in managing both early and advanced stages of NSCLC. Customising treatment measures 
based on individual genetic profiles may optimise therapeutic outcomes, marking a significant advancement in precision medicine for 
NSCLC. 

5. Conclusion and future perspectives 

The human genome is highly polymorphic, and a vast number of genetic polymorphisms have been identified as potential bio-
markers for lung cancer susceptibility and prognosis. The analysis of available literatures depicted that some of the SNPs in the 
immunomodulatory genes, especially CTLA-4, PD-1.5, PD-L1, SDF-1, IL-17, IL-1B, IL-10, IL-8, HLA-G and TAP 2 are associated with 
higher susceptibility towards NSCLC. Conversely, SNPs in IL-12A, KIR3DL2, ERAP 1, and PSMF 1 demonstrate a correlation with better 
survival and prognosis. While this review sheds light on the crucial role of immunomodulatory gene polymorphisms in NSCLC, further 
research avenues beckon for more comprehensive and improved understanding of clinical applications. 

In light of the inconclusive results of some investigations, future studies with larger sample sizes and stringent methodologies are 
needed to replicate, validate and minimize the lack of uniformity and bias in the study design and results analysis. Besides, it is crucial 
to acknowledge that genetic variations may serve as risk factors for a disease in one population but not necessarily in others, as the 
genotype and allele frequencies vary across different ethnic and geographical populations. Given the relevance of association between 
specific immunomodulatory SNPs and cancer risk to populations, there is an urgent imperative to conduct well-designed, large-scale 
studies across diverse populations. This becomes particularly essential in elucidating variants that play a significant role in risk 
estimation and the selection of patients for immunotherapy based on the genetic variation in specific ethnicities. It is crucial for in-
vestigators to conduct a thorough analysis of SNPs spanning the entire genes of interest. This comprehensive SNP analysis will facilitate 
the evaluation of phenotypic effects of specific haplotypes on immunomodulatory genes, allowing for an assessment whether a 
particular haplotype is linked to a higher or lower risk of NSCLC development and survival. 

Future investigations could possibly delve into elucidating the functional consequences of identified gene variations and SNPs, 
aiming to explore their impact on immune responses, dynamics within the TME and potential interactions with emerging therapeutic 
modalities. Additionally, the integration of high-throughput technologies such as, genomics, transcriptomic and proteomics, holds the 
potential to unveil intricate molecular networks among these gene variation as well as uncover novel genes and SNPs contributing to 
NSCLC heterogeneity. These prospective endeavours carry the promise of refining risk stratification, enhancing personalized treatment 
strategies, and improving patient outcomes. It is also important to highlight that genetic predisposition to NSCLC constitute just one 
facet of the disease’s risk factor. The interplay among genetic, environmental and lifestyle factors can influence the susceptibility and 
survival to the NSCLC. 

In conclusion, this review underscores the critical role of genetic polymorphisms in immunomodulatory markers within NSCLC. 
Recognizing the interplay between individual genetic variations and immune response is essential, particularly in the context of the 
evolving landscape of NSCLC treatment towards immunotherapy. The exploration of genetic polymorphisms in genes modulating the 
immune response offers vital insights into the associated risk, prognosis, and survival outcomes in NSCLC. Despite the wealth of studies 
on NSCLC risk and survival, this review is the first to comprehensively examine SNPs in genes influencing the immune response in 
NSCLC. Uncovering evidence on genetic factors associated with NSCLC not only enhances our understanding of disease pathogenesis 
and progression but also holds promise for refining prognosis and tailoring clinical care for both early and advanced-stage NSCLC. This 
comprehensive analysis contributes to the broader initiatives aimed at advancing personalized medicine in the realm of lung cancer. 
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