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Novel genetic variants in genes of the Fc gamma receptor-
mediated phagocytosis pathway predict non-small cell lung
cancer survival
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Background: Both antibody-dependent cellular cytotoxicity and phagocytosis activate innate immunity,
and the Fc gamma receptor (FCGR)-mediated phagocytosis is an integral part of the process. We assessed
associations between single-nucleotide polymorphisms (SNPs) in FCGR-related genes and survival of
patients with non-small cell lung cancer (NSCLC).

Methods: We evaluated associations between 24,734 (SNPs) in 97 FCGR-related genes and survival of
1,185 patients with NSCLC using a published genome-wide association study (GWAS) dataset from the
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial and validated the results in another
independent dataset of 894 NSCLC patients.

Results: In the single-locus analysis with Bayesian false discovery probability (BFDP) for multiple testing
correction, we found 1,084 SNPs to be significantly associated overall survival (OS) (P<0.050 and BFDP
<0.80), of which two independent SNPs (PLCG?2 rs9673682 T>G and PLPPI rs115613985 T>A) were
further validated in another GWAS dataset of 894 patients from the Harvard Lung Cancer Susceptibility
(HLCS) Study, with combined allelic hazards ratios for OS of 0.87 [95% confidence interval (CI): 0.81-0.94
and P=5.90x107] and 1.18 (95% CI: 1.08-1.29 and 1.32x107", respectively). Expression quantitative trait loci
analysis showed that the rs9673682 G allele was significantly correlated with increased mRNA expression
levels of PLCG?2 in 373 transformed lymphoblastoid cell-lines (P=7.20x107"). Additional evidence from
differential expression analysis further supported a tumor-suppressive effect of PLCG2 on OS of patients
with lung cancer, with lower mRINA expression levels in both lung squamous carcinoma and adenocarcinoma
than in adjacent normal tissues.

Conclusions: Genetic variants in PLCG2 of the FCGR-mediated phagocytosis pathway may be promising
predictors of NSCLC survival, possibly through modulating gene expression, but additional investigation of
the molecular mechanisms of PLPPI rs115613985 is warranted.

Keywords: Non-small cell lung cancer (NSCLC); Fc gamma receptor (FCGR); genome-wide association study
(GWAYS); single-nucleotide polymorphism (SNP); survival
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Introduction

Global cancer statistics in 2018 indicated that lung cancer
was the most common cancer and the leading cause of
cancer-related deaths, with an estimated 2,093,876 new
cases and 1,761,007 cancer deaths worldwide (1). Non-small
cell lung cancer (NSCLC) accounts for 85% of lung cancer
cases, which mainly includes squamous cell carcinomas
and adenocarcinomas. Recently developed immunotherapy
has become a clinical research focus for the treatment of
lung cancer, especially clinical application of the check-
point inhibitors, such as PD-1/PD-L1 inhibitors (2).
However, predicting the response to these therapies, has
been challenging, because individuals’ response to the same
treatment remains heterogeneous, suggesting that host
factors including genetic variants also play an important
role in variable treatment response. For example, single-
nucleotide polymorphisms (SNPs) have been shown to be
associated with both short-term response and long-term
prognosis of cancer patients (3-5). Therefore, identifying
the role of these genetic variants may help us generate a
better model to predict outcomes and optimize therapies in
the treatment of NSCLC patients.

Antibodies, produced in response to foreign antigens,
are the key components that are responsible for innate
and adaptive immunity. For example, immunoglobulin G
(IgG) antibodies recognize tumor cells and form immune
complexes to mediate effector activities by interactions
between the Fc domains of IgG antibodies and the Type I
and type II Fc gamma receptors (FCGRs) (6,7). In addition,
the FCGR-mediated phagocytosis plays a central role in
tumor immunity by tyrosine phosphorylation of multiple
immunoreceptors, resulting in phagocytosis of target tumor
cells (8). Furthermore, antibody-coated tumor cells interact
with FCGRs and engage monocytes, macrophages or
natural killer cells, leading to phagocytosis or cell-mediated
cytotoxicity of tumor cells (9). Recent research has showed
that antibody-dependent cellular phagocytosis (ADCP)
is an important immune mechanism by which antibodies
attack foreign antigens. For example, FCGR2A (CD32a) is
thought to be a dominant player in the induction of ADCP
by macrophages (10).

Several studies have reported that SNPs in the coding
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regions of some FCGR-related genes may have an effect
on clinical response to mAbs. For instance, genetic variants
in FCGR2A and FCGR3A predicted the response to
trastuzumab in both metastatic HER2-positive breast cancer
patients and gastric cancer patients (11,12), and the FCGR2A4
H/H genotype was associated with a better overall survival
(OS) in cetuximab-treated colorectal cancer patients with
a wild-type KRAS (13). But there are no reports about the
effect of SNPs in the FCGR-related genes on survival of
NSCLC. Thus, we hypothesize that genetic variants in the
FCGR-mediated phagocytosis pathway genes are associated
with a heterogeneous anti-tumor immune response, resulting
in variable survival of NSCLC patients. In the present
study, we tested this hypothesis by using publicly available
genome-wide association study (GWAS) datasets to evaluate
associations between genetic variants of genes in the FCGR-
mediated phagocytosis pathway and NSCLC survival.

Methods
Study populations

We used one GWAS dataset for 1,185 NSCLC patients from
the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial as the discovery and another for 984 NSCLC
patients from the Harvard Lung Cancer Susceptibility (HLCS)
study as the validation. The PLCO dataset had additional data
on OS and disease-free survival (DSS) but not progression-
free survival (PFS), while the HLCS dataset had data only on
OS for analysis. The access to the PLCO GWAS dataset was
approved by the dbGAP from the National Cancer Institute
(the approval number: PLCO-95 and Project #6404), for
which genomic DNA samples extracted from the whole blood
were genotyped with Illumina HumanHap240Sv1.0, Human-
Hap300v1.1 and HumanHap550v3.0 (dbGaP accession:
phs000093.v2.p2 and phs000336.v1.pl) (14,15), while the
DNA samples from HLCS patients extracted from the
whole blood were genotyped with Illumina Humanhap610-
Quad arrays. Details of data collection and participants’
characteristics in both GWAS datasets have been described
elsewhere (16,17). The two original studies were approved
by the institutional review boards of the National Cancer
Institute and Massachusetts General Hospital, respectively,
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with a written informed consent obtained from each
participant. The distributions of population characteristics in
the PLCO and HLCS studies are shown in 7able S1. Because
all the data used in the present study were de-identified and
previously collected, this exempt research was approved by
Duke Internal Review Board (Pro00054575).

Gene and SNP selection

In total, 97 genes in the FCGR-mediated phagocytosis
pathway were selected as the candidate gene-set after
excluding duplicate genes and pseudo genes, according
to the online datasets the Molecular Signatures Database
(http://software.broadinstitute.org/gsea/msigdb/index.jsp)
and the Human Biological Pathway Unification Database
(http://pathcards.genecards.org) by the keyword “Fc
gamma R” (Table S2). We imputed additional SNPs for
these genes and their £500 kb flanking buffer regions with
IMPUTE2 and the 1,000 Genomes Project data (phase 3).
SNPs in these genes and within their +2 kb flanking regions
were selected for further analysis based on the following
criteria: a minor allele frequency >0.05, a genotyping rate
>95%, a Hardy-Weinberg equilibrium P value >1x10, and
imputation infor score >0.8.

In silico functional analysis

We used three online bioinformatics tools to identify
potential functional SNPs, including RegulomeDB (http://
regulomedb.org/), HaploReg (https://pubs.broadinstitute.
org/mammals/haploreg/haploreg.php) and SNPinfo (https://
snpinfo.niehs.nih.gov/snpinfo/snpfunc.html). We further
performed expression quantitative trait loci (eQTL) analysis
to assess correlations between SNPs and mRINA expression
levels. These mRNA expression data were obtained from
lymphoblastoid cell lines derived from 373 European
descendants included in the 1,000 Genomes Project (18) as
well as from the whole blood and normal lung tissues in the
genotype-tissue expression (GTEx) project (19). In addition,
we compared the differences in mRNA expression levels for
the paired tumor and adjacent normal tissues using the data
from the Cancer Genome Atlas (TCGA) database (dbGaP
Study Accession: phs000178.v9.p8) (20).

Statistical analysis

In the PLCO dataset, multivariate Cox proportional hazards
regression analysis was used to evaluate associations between
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each of the SNPs and OS (in an additive model) with
adjustment for age, sex, smoking status, histology, tumor
stage, chemotherapy, radiotherapy, surgery and the first four
principal components of the population structures. In the
single-locus analysis, we estimated the hazards ratio (HR)
and its 95% confidence interval (CI) by using the GenABEL
package of R software (21). The false discovery rate (FDR)
with a cut-off value of 0.20 was used to reduce the probability
of false-positives findings (22), and the recommended
Bayesian false-discovery probability (BFDP) with a cutoff
value of 0.800 was also used for multiple test corrections
under the consideration that the majority of SNPs were
imputed with a high level of linkage disequilibrium (LD)
among the SNPs under investigation (23). Then, SNPs with
P<0.005 were chosen for validation using the HLCS GWAS
dataset. Meta-analysis was performed to combine the results
of both discovery and validation datasets. If the Cochran’s
Q-test P>0.100 and the heterogeneity statistic (I') <50%,
a fixed-effects model was applied; otherwise, a random-
effects model was employed. In the PLCO dataset, different
genetic models were performed to explore the associations
between the validated SNPs and OS/DSS, and Kaplan-Meier
curves and log-rank tests were used to compare the effects
of genotypes on OS/DSS. To observe the combined effect of
significant SNPs, we used the number of risk genotypes to
estimate cumulative effects of the identified SNPs. Finally,
we performed the receiver operating characteristic (ROC)
curve and time-dependent ROC analysis with the time ROC
package of R software to illustrate the prediction ability of
the genetic model (24). In the eQTL analysis, we calculated
correlations between SNPs and mRNA expression levels
by using a general linear regression model. Additionally,
we compared the mRNA expression levels between paired
tumor and adjacent normal lung tissues available in the
TCGA database by the paired # test. Statistical analyses were
performed using PLINK (version 1.9), SAS software (version
9.4; SAS Institute, Cary, NC, USA) and R software (version
3.5.1). The Manhattan plots were generated by Haploview
v4.2 and regional association plots were constructed by
LocusZoom (http://locuszoom.sph.umich.edu/locuszoonv/).

Results

Associations between SNPs in the FCGR-mediated
phagocytosis pathway genes and NSCLC OS in both PLCO
and HLCS datasets

Since only OS was available in both PLCO and HLCS
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Figure 1 The flowchart of study. FCGR, Fc gamma receptors; SNP, single-nucleotide polymorphism; PLCO, Prostate, Lung, Colorectal

and Ovarian cancer screening trial; NSCLC, non-small cell lung cancer; FDR, false discovery rate; BFDP, Bayesian false-discovery

probability.

datasets, we used OS to identified independent SNPs as
NSCLC survival predictors. Basic demographic and clinical
characteristics of the 1,185 NSCLC patients in the PLCO
discovery dataset have been described elsewhere (25),
with the results of multivariate Cox regression analysis
adjusted for age, sex, smoking status, histology, tumor stage,
chemotherapy, radiotherapy, surgery and first four principal
components (detailed information on principal components
was provided in Tuble S3). As shown in the flowchart
(Figure 1), after imputation and quality control, we used
24,734 SNPs (including 2,009 genotyped and 22,725
imputed SNPs) in the multivariate Cox regression analysis.
As a result, we identified 1,084 SNPs to be significantly
associated with NSCLC OS after multiple test correction by
BFDP <0.800. A Manhattan plot showing the associations
between the SNPs and NSCLC OS is presented in
Figure S1. Only the top 292 SNPs with P<0.005 in
multivariate Cox regression analysis in the PLCO datasets
were included for further validation by the HLCS dataset.
Two SNPs in intron regions of two different genes (i.e.,
19673682 in PLCG2 and rs115613985 in PLPPI, both of
which were imputed) were validated after multivariate Cox
regression analysis with adjustment for age, sex, histology,
stage, smoking status, chemotherapy, radiotherapy, surgery
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and first three principal components. In the subsequent
combined-analysis of these two datasets, the PLCG2
rs9673682 G allele was found to be associated with a better
NSCLC OS (HR 0.87, 95% CI: 0.81-0.94, P=5.90x107),
while the PLPPI rs115613985 A allele was associated
with a poorer NSCLC OS (HR 1.18, 95% CI: 1.08-1.29,
P=1.32x10", and no heterogeneity was observed between
the two datasets (Table I).

Identification of potentially functional and independent
SNPs as NSCLC survival predictors

First, we used three bioinformatics tools (i.e., SNPinfo,
RegulomeDB and HaploReg) to search for potential
functions of the two SNPs and found that both SNPs
were located in the intron regions of their genes with
some considerable evidence of functions. As indicated by
RegulomeDB, PLCG2 159673682 and PLPPI rs115613985
had a score of 4 and 6, respectively (Table S4), but neither
had functions based on the SNPinfo. In HaploReg, however,
PLCG?2 rs9673682 and PLPPI rs115613985 were predicted
to be located in histone marks, DNAse or motifs, which
may have an effect on transcriptional activity. Therefore,
these two SNPs were included in the further stepwise Cox
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Table 1 Combined-analysis of two validated SNPs using two previously published NSCLC GWAS datasets

PLCO (n=1,185) HLCS (n=984) Combined-analysis
SNP Allele Gene

EAF HR(95% Cl)' P' FDR® BFDP®> EAF HR(95% Cl)* P° P.' P HR(@©5%CI)> P°

rs9673682 T>G PLCG2 0.34 0.86 0.004 0.493 0.457 0.34 0.89 0.050 0.705 O 0.87 5.90x107*

(0.77-0.95) (0.79-1.00) (0.81-0.94)
rs115613985 T>A PLPP1 0.38 1.16 0.005 0.493 0.604 0.35 1.22 0.008 0.560 0 118 1.32x10™
(1.05-1.29) (1.05-1.42) (1.08-1.29)

', obtained from an additive genetic model with adjustment for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy,
surgery, PC1, PC2, PC3, and PC4 in the PLCO datasets; %, FDR and BFDP were available in the PLCO dataset because the HLCS study
provided only the summary data; °, obtained from an additive genetic model with adjustment for age, sex, stage, histology, smoking status,
chemotherapy, radiotherapy, surgery, PC1, PC2, and PC3 in the HLCS dataset; *, P,..: P value for heterogeneity by Cochrane’s Q test; °,
meta-analysis using a fixed-effects model. SNP, single-nucleotide polymorphism; NSCLC, non-small cell lung cancer; GWAS, genome-wide
association study; PLCO, Prostate, Lung, Colorectal and Ovarian cancer screening trial; HLCS, Harvard Lung Cancer Susceptibility; EAF,
effect allele frequency; HR, hazards ratio; Cl, confidence interval; FDR, false discovery rate; BFDP, Bayesian false-discovery probability.

Table 2 Predictors of OS obtained from stepwise multivariate Cox regression analysis of selected variables in the PLCO Trial

Variables' Category Frequency® HR (95% ClI) P
Age Continuous 1,162 1.03 (1.02-1.05) <0.001
Sex Male 688 1.00
Female 474 0.80 (0.69-0.93) 0.005
Smoking status Never 114 1.00
Former 638 1.64 (1.25-2.16) <0.001
Current 410 1.65 (1.23-2.20) 0.001
Histology AD 570 1.00
SC 279 1.14 (0.94-1.37) 0.185
others 313 1.32 (1.11-1.57) 0.001
Stage I-IA 646 1.00
nB-1v 516 2.80 (2.31-3.40) <0.001
Chemotherapy No 630 1.00
Yes 532 0.58 (0.49-0.69) <0.001
Radiotherapy No 752 1.00
Yes 410 0.95 (0.81-1.12) 0.553
Surgery No 628 1.00
Yes 534 0.21 (0.16-0.27) <0.001
PLCG2 rs9673682° TT/TG/GG 513/518/131 0.85 (0.77-0.95) 0.003
PLPP1 rs115613985° TT/TA/AA 451/545/166 1.17 (1.06-1.30) 0.003

', stepwise analysis in the final model including age, sex, smoking status, tumor stage, histology, chemotherapy, radiotherapy, surgery,
PC1, PC2, PC3, PC4 and two SNPs; 2, rs9673682 and rs115613985 in an additive genetic model. The leftmost genotype was used as the
reference; °, there were 23 samples with missing date and thus were excluded. OS, overall survival; PLCO, Prostate, Lung, Colorectal and
Ovarian cancer screening trial; HR, hazards ratio; Cl, confidence interval; AD, adenocarcinoma; SC, squamous cell carcinoma.

regression analysis. As the HLCS dataset only provided the
summary data, we had to use the PLCO dataset to perform
the multivariate stepwise Cox regression analysis with
adjustment for clinical variables and the first four principal
components. The results suggest that both of the SNPs
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were significant and independent predictors of NSCLC OS
(1able 2). In addition, we also conducted an independent test
for all previously published SNPs identified in the present
study populations in the PLCO dataset; as a result, both of
these SNPs remained associated with NSCLC OS (HR 0.89,
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Table 3 Associations between two independent and functional SNPs and survival of NSCLC in the PLCO Trial

Genotype Number' o8’ pss”
Death (%) HR (95% Cl) P Death (%) HR (95% CI) P
PLCG2 rs9673682 T>G
T 513 350 (68.23) 1.00 - 324 (63.16) 1.00 -
TG 518 346 (66.80) 0.90 (0.77-1.04) 0.163 308 (59.46) 0.88 (0.75-1.03)  0.112
GG 131 86 (65.65) 0.70 (0.55-0.90) 0.004 77 (58.78) 0.70 (0.54-0.90)  0.006
Trend - - - 0.005 - - 0.004
TG + GG 649 432 (66.56) 0.85 (0.74-0.99) 0.030 385 (59.32) 0.84 (0.72-0.97)  0.021
PLPP1 rs115613985 T>A
T 451 289 (64.08) 1.00 - 260 (57.65) 1.00 -
TA 545 375 (68.81) 1.20 (1.03-1.40) 0.023 337 (61.83) 1.19 (1.01-1.41)  0.036
AA 166 118 (71.08) 1.33 (1.06-1.65) 0.012 105 (63.25) 1.32 (1.05-1.67)  0.020
Trend - - - 0.005 - - 0.009
TA + AA 711 493 (69.34) 1.23 (1.06-1.42) 0.008 442 (62.17) 1.22 (1.04-1.43)  0.013
Number of risk genotypes®
0 236 152 (64.41) 1.00 - 136 (57.63) 1.00 -
1 628 417 (66.40) 1.27 (1.05-1.54) 0.013 371 (59.08) 1.26 (1.03-1.54)  0.023
2 298 213 (71.48) 1.45 (1.18-1.80) 0.001 195 (65.44) 1.48 (1.18-1.84)  0.001
Trend - - - 0.001 - - 0.001
0-1 864 569 (65.86) 1.00 - 507 (58.68) 1.00 -
2 298 213 (71.48) 1.22 (1.04-1.44) 0.013 195 (65.44) 1.25 (1.06-1.48)  0.009

', there were 23 samples with missing date and thus were excluded; ?, adjusted for age, sex, smoking status, histology, tumor stage,
chemotherapy, radiotherapy, surgery and principal components; °, risk genotypes were PLCG2 rs9673682 TT and PLPP1 rs115613985 TA
+ AA. SNP, single-nucleotide polymorphism; NSCLC, non-small cell lung cancer; PLCO, Prostate, Lung, Colorectal and Ovarian cancer

screening trial; OS, overall survival; DSS, disease-specific survival; HR, hazards ratio; Cl, confidence interval.

95% CI: 0.80-1.00, and P=0.040 for PLCG2 rs9673682
and HR 1.23, 95% CI: 1.10-1.37 and P<0.001 for PLPP1
rs115613985), independent of other previously published
SNPs (Tuble S5).

In the PLCO dataset, multivariate Cox regression
analyses with different genetic models were also used to
evaluate the effect of each SNP on risk of death. The
PLCG2 rs9673682 G allele was significantly associated
with a decrease in risk of death [for OS: HR 0.90, 95%
CI: 0.77-1.04 for TG, 0.70 (0.55-0.90) for GG compared
with TT, P,,;=0.005; for DSS: 0.88 (0.75-1.03) for TG,
0.70 (0.54-0.90) for GG compared with TT, P,,,=0.004],
while the PLPPI rs115613985 A allele was significantly
associated with an increase in risk of death [for OS: 1.20
(1.03-1.40) for TA, 1.33 (1.06-1.65) for AA compared with
TT, P,.,=0.005; for DSS: 1.19 (1.01-1.41) for TA; 1.32
(1.05-1.67) for AA compared with TT;, P,,=0.009; Table 3].

© Translational Lung Cancer Research. All rights reserved.

Kaplan-Meier curves of the associations between these
SNPs and NSCLC OS and DSS are presented in Figure S2,
and the regional association plot of each SNP is shown in
Figure S3. In a dominant genetic model, PLCG2 rs9673682
TG + GG genotypes were consistently associated with
better OS (HR 0.85, 95% CI: 0.74-0.99; P=0.030) and
DSS (HR 0.84, 95% CI: 0.72-0.97; P=0.021), while PLPP1
rs115613985 TA + AA were associated with poorer OS (HR
1.23,95% CI: 1.06-1.42; P=0.008) and DSS (HR 1.22,95%
CL: 1.04-1.43; P=0.013) (Tuble 3).

Combined and stratified analyses of the two independent
and functional SNPs in the PLCO dataset

"To better estimate the joint effect of these two SNPs on risk
of death, we combined their risk genotypes (i.e., rs9673682
TT and rs115613985 TA + AA) into a genetic score as the
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Figure 2 Kaplan-Meier analysis for patients with NSCLC by the combined risk genotypes. (A,C) By 0, 1 and 2 risk genotypes (log-rank test
for trend and multivariate analysis for OS and DSS, respectively); (B,D) by 0-1 and 2 risk genotypes (log-rank test and multivariate analysis)
for OS and DSS, respectively in the PLCO trial. OS, overall survival; DSS, disease-specific survival.

number of risk genotypes. The trend test indicated that an
increased genetic score was associated with a poorer survival
(P eng=0.001 for OS and P,.,;=0.001 for DSS; Tuble 3).
Based on similar survival rates of the subgroups, we divided
all patients into a low-risk group (0-1 risk score) and a
high-risk group (2 risk scores). Compared with the low-
risk group, patients in the high-risk group had a higher
death risk in the PLCO dataset (OS: HR 1.22, 95% CI:
1.04-1.44 and P=0.013; DSS: HR 1.25, 95% CI: 1.06-1.48
and P=0.009, Table 3). Moreover, when we created a
genetic score by combining these two SNPs with all other
previously reported SNPs identified in the present study
populations, we found that the effect on NSCLC OS/
DSS increased as the genetic score increased (P,<0.001)
after adjustment for other covariates and that the high-risk
group (i.e., 8-13 vs. 3-7 risk genotypes) was associated with
a poorer survival (OS: HR 1.99, 95% CI: 1.71-2.31 and
P<0.001; DSS: HR 1.94, 95% CI: 1.66-2.28 and P<0.001,
Table S6). To visualize these effects, Kaplan-Meier curves
for the associations between risk genotypes and NSCLC
OS and DSS are shown in Figure 2 and Figure S4.

Stratified analysis was performed to investigate whether
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the joint effect of risk genotypes on NSCLC survival was
modified by the covariates, including age, sex, smoking
status, histology, tumor stage, chemotherapy, radiotherapy
and surgery. Except for radiotherapy (OS: P=0.011; DSS:
P=0.020), no significant interactions with these covariates
were found (P>0.05 for both OS and DSS, Tuable S7).
Therefore, we further reassessed the associations between
the combined effect of the SNPs and NSCLC OS/DSS
by subgroups of patients with or without radiotherapy
(Table S§), and only in the subgroup of patients with
radiotherapy, an increased genetic score was associated
with a poorer survival (OS: P_.,,=0.001; HR 1.52, 95%
CI: 1.19-1.96 and P=0.001 for 2 scores vs. 0—1 score; DSS:
P,..<0.001; HR 1.55, 95% CI: 1.20-2.01 and P=0.001
for 2 scores vs. 0—1 score). To assess whether the SNP-
associated outcomes in patients with NSCLC in early
and advanced stages were also different, we calculated the
survival for stage I-IIIA and IIIB-IV, separately. As a result,
a significant association between an increased genetic
score and a poorer survival was more obvious in patients
with stage I-IITA than in those with stage IIIB-IV [I-IIIA:
Pna=0.030 and 0.017 for OS and DSS, respectively; scores
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2 vs. 0-1: HR 1.27 (0.99-1.64) and 1.37 (1.03-1.81) for OS
and DSS, respectively; IIIB-IV: P_,4=0.012 and 0.017 for
OS and DSS, respectively; HR 1.13 (0.92-1.39) and 1.14
(0.91-1.40) for OS and DSS, respectively, Table S9). These
discrepancies in the survival between patients with stage I-
IITA and IIIB-IV were likely because the study population
had more patients with stage I-IITA than stage ITIN-IV, as
no interaction was observed between the genetic scores and
NSCLC stages.

ROC and time-dependent area under the receiver
operating characteristic curve (AUC) estimation for
NSCLC survival prediction

To explore the ability of the combined model to predict
survival of NSCLC, we estimated the predictive value of the
combined risk genotypes with ROC and time-dependent
AUC curves. We compared the AUC for clinical variables
with or without the risk genotypes of the two SNPs. After
adding the risk genotypes, the 5-year OS AUC increased
non-significantly from 89.12% to 89.32% (P=0.347,
Figure S5A) and the 5-year DSS AUC increased non-
significantly from 88.92% to 89.11% (P=0.416, Figure S5B).
However, the 5-year OS AUC significantly increased from
88.87% to 89.88% (P=0.040, Figure S5C) and the 5-year
DSS AUC significantly increased from 88.57% to 89.76%
(P=0.025, Figure S5D), when combining risk genotypes of
these two SNPs and all other previously reported SNPs
identified from the present study population, suggesting
the importance of identifying additional risk genotypes in
this study populations. Furthermore, time-dependent AUC
curves of these two SNPs and all other previously reported
SNPs identified in the present study populations were
provided to assess the ability of model to predict NSCLC
OS and DSS in this study populations through the entire
follow-up period (Figure SSE,F,G,H).

In silico functional validation

We further evaluated the correlations between SNPs and
mRNA expression using RNA-seq of 373 transformed
lymphoblastoid cell-lines in the 1,000 genomes project.
Notably, the rs9673682 G allele was significantly correlated
with increased mRINA expression levels of PLCG2 in both
additive and dominant models (P=7.20x10~" and 0.002,
respectively), but not for PLPPI rs115613985 (P=0.814
and 0.850, respectively) (Figure 3). Then, we extracted
the eQTL analysis results from the database of the GTEx
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project and found that the rs9673682 G allele had a non-
significant trend in correlation with mRNA expression
levels of PLCG2 in the whole blood cells (n=369, P=0.645)
and normal lung tissues (n=383, P=0.885); however,
there were no PLPP] expression data for further analysis
(Table S10).

Additional differential expression analysis further
revealed that both PLCG2 and PLPPI had lower mRNA
expression levels in 107 paired tumor tissues than in the
adjacent normal tissues in the TCGA database (P<0.001,
Figure S6), and their lower expression levels were associated

with a poorer NSCLC OS (26) (Figure S7).

Discussion

In the present study, we re-analyzed the published GWAS
datasets by a hypothesis-based gene-set approach in the
post-GWAS era to explore the roles of genetic variants
in clinical outcomes of NSCLC patients. We chose the
FCGR-mediated phagocytosis pathway genes as the
candidate gene-set. As a result, we identified two novel
SNPs (i.e., PLCG2 rs9673682 T>G and PLPPI rs115613985
T>A) as independent predictors of NSCLC survival after
adjustment for available covariates as well as all other SNPs
previously reported in the PLCO study population. We
also assessed the effects of the combined risk genotypes of
these two SNPs in the prediction model and found that
they collectively predicted a poorer survival of NSCLC,
which is consistent with the fact that both PLCG2 and
PLPPI harboring the SNPs are functioning in the same
FCGR-mediated phagocytosis pathway. Further functional
prediction analysis by assessing publicly available databases
found that the PLCG2 rs9673682 G allele, which was
associated with an improved survival, was also significantly
associated with increased mRNA expression levels of
PLCG?2. Consistent with this, lower mRNA expression levels
of PLCG2 were observed in tumor tissues than in adjacent
normal tissues and were also associated with a poorer
survival of lung cancer patients. Although we did not find
evidence for a correlation between the PLPPI rs115613985
A allele and its gene expression, the observed lower mRINA
expression levels of PLPPI in tumor tissues than in adjacent
normal tissues were also associated with a poorer survival.
In addition, a prediction model that included all identified
risk genotypes of previously reported SNPs in the same
study population had significantly improved 5-year survival
prediction as indicated by the ROC curve. Taken together,
our findings of associations between genetic variants in the
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Figure 3 Correlation of the SNPs with mRNA expression in 373 transformed lymphoblastoid cells in the 1,000 Genomes Project.
(A,B) Correlation between rs9673682 and PLCG2 mRNA expression levels in additive and dominant model; (C,D) correlation between
rs115613985 and PLPPI mRINA expression levels in additive and dominant model.

FCGR-mediated phagocytosis pathway genes and NSCLC
survival are biologically plausible.

PLCG?2 is located on chromosome region 16q23.3 and
encodes phosphoinositide specific phospholipase C family
protein PLCG2, which is critical for the modulation
of the calcium signals in response to the stimulation of
immune receptors (27). The expression of PLCG2 is widely
distributed on hematopoietic cells, including macrophages,
natural killer cells, mast cells, and neutrophils (28).
In macrophages, FCGR-mediated Ca’" increase is
dependent on PLCG2, and interestingly, this abrogation of
Ca’" increase changes the FCGR-mediated inflaimmatory
reaction, but not the FCGR-mediated phagocytosis,
suggesting other mechanisms may be involved in this
process (29). Myeloid-derived suppressor cells (MDSCs)
support tumor growth in many cancers by suppressing
anti-tumor T cell responses. For example, one study
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demonstrated that down-regulation of PLCG2 signaling
in MDSCs could result in their aberrant expansion during
tumor progression, suggesting the possibility that PLCG2
may be the target of anti-cancer therapy (30). Moreover,
mutations in PLCG2 are required for ibrutinib resistance
in chronic lymphocytic leukemia, and patients with PLCG2
mutations are more likely to progress (31). In NSCLC,
PLCG2 had a low somatic mutation rate according to the
public available data from the database of the cBioPortal
for Cancer Genomics (http://www.cbioportal.org). As
shown in Figure S8, the mutation rate is low in both lung
adenocarcinoma [2.19% (4/183) in the Broad study, 1.31%
(12/915) in the MSK study, 1.23% (2/163) in the TSP study
and 1.19% (7/586) in the TCGA study] and squamous cell
carcinoma [0.78% (4/511) in the TCGA study], suggesting
that germline genetic variants in PLCG2 may play a more
important role in the regulation of mRNA expression
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of this gene. In the present study, we found that the
rs9673682 minor G allele showed a significant association
with a decreased risk of death in NSCLC patients and an
increased PLCG2 expression level in normal blood cells.
Additional experimental data from the ENCODE project
suggest that PLCG2 rs9673682 T>G is located in a DNase
I hypersensitive site with considerable levels of histone
modification H3K4Mel, which may lead to an enhanced
transcriptional activity (Figure S9A).

PLPP1, also known as PPAP2A or LPPI, is located
on chromosome 5 and encodes a protein belonging to
the phosphatidic acid phosphatase (PAP) family (32).
One major function of PLPP1 is to dephosphorylate
extracellular lysophosphatidic acid (LPA) and sphingosine-
1-phosphate (S1P), which are important regulators of
cell division, migration, and survival (33). It was shown
that S1P might enhance the phagocytic activity of
macrophages by up-regulating the expression of FCGR2A,
suggesting PLPP1 might also contribute to the FCGR-
mediated phagocytosis (34). Many cancer cells express low
levels of PLPP1, which is an important contributor to the
degradation of LPA, and high expression of LPA would
produce resistance to chemotherapy and radiotherapy (35).
Some in vivo studies showed that an increasing expression
of PLPPI in breast, ovarian and thyroid cancer cells
would decrease tumor growth and metastasis in mouse
models (36,37). In the present study, we observed that
NSCLC patients with the PLPPI rs115613985 A allele
had a worse survival. However, the eQTL results showed
that the rs115613985 A allele had a non-significant trend
in a correlation with mRNA expression levels of PLPPI,
indicating other mechanisms, such as somatic mutation
or other epigenetic effects, might be involved in the
transcription of the PLPPI gene. Furthermore, PLPPI
rs115613985 T>A is located in an H3K4Mel mark and
a Tbp motif based on the ENCODE Project data and
transcription factor CHIP-seq data (Figure S9B), suggesting
the minor A allele might affect the transcription factors.

There are limitations in the present study. Although we
identified associations of genetic variants in PLCG2 and
PLPPI with NSCLC survival, the results may be limited to
Caucasian populations and thus not generalizable to other
ethnic populations. The sample size of the PLCO was not
large enough to pass the FDR cut-off value in the multiple
test correction, for which we used the relatively less strident
BFDP method as a result of the highly correlated SNPs
from imputation. In the PLCO dataset, only a few clinical
variables were available, and other needed information,
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especially the details of treatment and PFS, were not
accessible. The HLCS dataset only provided the summary
genotyping results and OS data but not DSS and PFS, and
thus we used OS to identify independent SNPs as NSCLC
survival predictors. In addition, although we found some
functional evidence to support the observed associations,
the potential molecular mechanisms (e.g., several molecular
signature associated with cell survival, migration, and DNA
damage response) between the SNPs and prognosis in
NSCLC remain unclear, and further functional experiments
are essential to explore these molecular mechanisms
underlying the observed associations, which will eventually
provide their clinical utility in future precision medicine.

Conclusions

In conclusion, we identified two independent, novel SNPs
(i.e., PLCG2 rs9673682 T>G and PLPPI rs115613985
T>A) that were significantly associated with NSCLC
survival in both PLCO and HLCS GWAS datasets, of
which PLCG?2 rs9673682 T>G may have an effect on its
mRNA expression. Our findings provided a rationale to
further investigate the functions of survival-associated SNPs
in the FCGR-mediated phagocytosis pathway genes in the
development and progression of NSCLC.
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Table S1 Comparison of characteristics of the subjects between the PLCO trial and HLCS study

PLCO

HLCS

Characteristics Chi-square
Frequency Deaths, n (%) Frequency Deaths, n (%)
Total 1,185 798 (67.3) 984 665 (67.5) -
Median overall survival (months) 23.8 39.9 -
Age, years <0.0001
<71 636 400 (62.9) 654 428 (65.4)
>71 549 398 (72.5) 330 237 (71.8)
Sex 0.001
Male 698 507 (72.6) 507 379 (74.7)
Female 487 291 (59.8) 477 286 (59.9)
Smoking status 0.166
Never 115 63 (54.8) 92 52 (56.5)
Current 423 272 (64.3) 390 266 (68.2)
Former 647 463 (71.6) 502 347 (69.1)
Histology <0.0001
Adenocarcinoma 577 348 (60.3) 597 378 (63.3)
Squamous cell carcinoma 285 192 (67.4) 216 156 (72.2)
Others 323 258 (79.9) 171 131 (76.6)
Stage 0.038
I-11NA 655 315 (48.1) 606 352 (58.0)
B-1v 528 482 (91.3) 377 313 (83.0)
Missing 2 - - - -

PLCO, Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HLCS, Harvard Lung Cancer Susceptibility study.



Table S2 List of 97 selected genes in the FCGR-mediated phagocytosis pathway

Dataset Name Of1 Selected genes® Number of
pathway genes
Genecards Fc gamma AKT1, AKT2, AKT3, AMPH, ARF6, ARPC1A, ARPC1B, ARPC2, ARPC3, ARPC4, ARPCS5, 89
R-mediated ARPCS5L, ASAP1, ASAP2, ASAP3, BIN1, CDC42, CFL1, CFL2, CRK, CRKL, DNM2,
phagocytosis DOCK2, FCGR1A, FCGR2A, FCGR2B, FCGR3A, GAB2, GSN, HCK, INPP5D, INPPL1, LAT,
LIMK1, LIMK2, LYN, MAP2K1, MAPK1, MAPK3, MARCKS, MARCKSL1, MYO10, NCF1,
PAK1, PIK3CA, PIK3CB, PIK3CD, PIK3R1, PIK3R2, PIK3R3, PIP5K1A, PIP5K1B, PIP5K1C,
PLA2G4A, PLA2G4B, PLA2G4D, PLA2G4E, PLA2G4F, PLA2G6, PLCG1, PLCG2, PLD1,
PLD2, PLPP1, PLPP2, PLPP3, PRKCA, PRKCB, PRKCD, PRKCE, PRKCG, PTPRC, RACT,
RAC2, RAF1, RPS6KB1, RPS6KB2, SCIN, SPHK1, SPHK2, SYK, VASP, VAV1, VAV2, VAVS,
WASF1, WASF2, WASF3, WASL
MSigbB KEGG FCGR- DNM1, DNM1L, DNM3, FCGR2C, PIK3CG, PIK3R5, PIKFYVE, PIP4K2B 8
mediated
phagocytosis
Total 97

', genes were selected based on online datasets and literatures; ?, duplicated genes, pseudo genes and genes in X chromosome had been
removed, 2 genes removed in the GeneCards dataset and 89 genes removed in the MSigDB dataset.

Table S3 Associations of the first 10 principal components and OS of NSCLC in the PLCO trial (n=1,185)

PC* Parameter estimate Standard error Chi-square P

PCA 4.821 1.353 12.697 <0.001
PC2 -0.681 1.228 0.308 0.579
PC3 -3.054 0.949 10.351 0.001
PC4 -2.837 1.246 5.184 0.023
PC5 -0.910 1.232 0.546 0.460
PC6 1.355 1.252 1.172 0.279
PC7 -0.236 1.218 0.038 0.846
PC8 -1.684 1.322 1.622 0.203
PC9 -1.886 1.267 2.216 0.137
PC10 0.347 1.240 0.078 0.180

*, the first 4 were used for the adjustment for population stratification in the multivariate analysis. OS, overall survival; NSCLC, non-small
cell lung cancer; PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; PC, principal component.
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Figure S1 Manhattan plot of the discovery set in genotype data of the PLCO trial. The statistical values across the autosomes of associations
between 24,734 SNPs and overall survival are plotted as -log10 P values. The blue horizontal line indicates P=0.050 and the red line
indicates BEDP =0.80.

Table S4 Function prediction of the two validated SNPs associated with survival of NSCLC*

Haploreg v4.1?

Source of 4
SNP Gene  Chromosome t e9DB" Enhancer histone Motifs ~ Selected dbSNP function

genotype DNAse

marks changed eQTL hits annotation

rs9673682 PLCG2 16 Imputed 4 4 tissues BRST, CRVX, STAT 7 hits Intronic
>G SKIN
rs115613985 PLPP1 5 Imputed 6 5 tissues - 9 altered - Intronic
T>A motifs

*, both of the two SNPs had no function in the SNPinfo: https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html; ', RegulomeDB: http://
regulomedb.org/; >, Haploreg: http://archive.broadinstitute.org/mammals/haploreg/haploreg.php. SNP, single-nucleotide polymorphism;
NSCLC, non-small cell lung cancer.


http://regulomedb.org/
http://regulomedb.org/

Table S5 Independent test for SNPs identified in this study and all previously published in the present study populations in the PLCO dataset

Variables' Category® Frequency® HR (95% Cl) P
Age Continuous 1,124 1.04 (1.02-1.05) <0.001
Sex Male/female 665/459 0.79 (0.67-0.92) 0.003
Smoking status Never/former 111/610 1.85 (1.39-2.46) <0.001
Never/current 111/403 1.85 (1.37-2.50) <0.001
Histology AD/SC 555/268 1.16 (0.96-1.41) 0.127
AD/others 555/301 1.38 (1.16-1.65) <0.001
Stage I I-IA/IB-IV 626/498 2.99 (2.46-3.64) <0.001
Chemotherapy No/yes 609/515 0.59 (0.49-0.71) <0.001
Radiotherapy No/yes 727/397 0.98 (0.83-1.16) 0.818
Surgery No/yes 605/519 0.20 (0.15-0.26) <0.001
ABCG1 rs225390" AA/AG/GG 529/475/120 0.88 (0.78-0.98) 0.021
ADAM12 rs10794069° AA/AG/GG 638/411/75 1.19 (1.06-1.34) 0.003
DTX1 rs1732793° GG/GA/AA 750/340/34 1.22 (1.06-1.40) 0.006
E2F3 rs3806116° GG/GT/TT 428/530/166 1.17 (1.05-1.30) 0.004
IRAK2 rs779901° CC/CT/TT 831/271/22 0.81 (0.69-0.94) 0.007
VWF rs73049469’ CC/CA/AA 892/222/10 1.20 (1.01-1.41) 0.035
ITGB2 rs37881427 GG/GA/AA 650/403/71 1.14 (1.01-1.28) 0.034
RUNX3 rs7553295° GG/GT/TT 585/457/82 0.83 (0.73-0.94) 0.003
AMD?1 rs1279590° GG/GA/AA 819/280/25 0.80 (0.69-0.93) 0.004
MSRA rs73534533° CC/CA/AA 937/177/10 0.78 (0.64-0.95) 0.011
TNFRSF1B rs677844° TT/TC/CC 620/429/75 0.84 (0.74-0.94) 0.003
IKBKAP rs4978754° CC/CT/TT 945/169/10 0.82 (0.67-0.99) 0.041
PLCG2 rs9673682"° TT/TG/GG 501/496/127 0.89 (0.80-1.00) 0.040
PLPP1 rs115613985" TT/TA/AA 438/526/160 1.23 (1.10-1.37) <0.001

', stepwise analysis included age, sex, smoking status, tumor stage, histology, chemotherapy, radiotherapy, surgery, PC1, PC2, PC3,
PC4 and SNPs identified in this study and previous studies; ?, the leftmost genotype was used as the reference; °, 61 missing date were
excluded; , two SNPs were reported in the previous publication (PMID: 26757251); SNP rs225388 could not enter the final model. °, five
SNPs were reported in previous publication (PMID: 27557513); SNP rs199731120 and rs35970494 could not enter the final model; ¢, one
SNP was reported in the previous publication (PMID: 29978465); ’, two SNPs were reported in the previous publication (PMID: 30259978);
8 three SNPs were reported in the previous publication (PMID: 30650190); °, two SNPs were reported in the previous publication (PMID:
30989732); '°, two SNPs identified in this study. SNP, single-nucleotide polymorphisms; PLCO, Prostate, Lung, Colorectal and Ovarian
cancer screening trial; HR, hazards ratio; Cl, confidence interval; AD, adenocarcinoma; SC, squamous cell carcinoma.
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Figure S2 Kaplan-Meier analysis for patients with NSCLC by SNPs. (A,B,C,D) Kaplan-Meier survival curves of rs9673682 in additive and
dominant models; (E,F,G,H) Kaplan-Meier survival curves of rs115613985 in additive and dominant models.
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Figure S3 Regional association plots for the two independent SNPs in the FCGR-mediated phagocytosis pathway genes. SNPs in the
region of 50 kilobases up or downstream of (A) PLCG2 rs9673682 and (B) PLPPI rs115613985. Data points are colored according to the
level of linkage disequilibrium of each pair of SNPs based on the hg19/1000 Genomes European population. The left-hand y-axis shows the

association P value of individual SNPs in the discovery dataset, which is plotted as -log10 (P) against chromosomal base-pair position. The

right-hand y-axis shows the recombination rate estimated from HapMap Data Rel 22/phase II European population.

Table S6 Associations between combined SNPs identified in this study and all previously published in the present study populations and survival

of NSCLC in the PLCO Trial
os® DSS®
Number of risk genotypes' ~ Number”
Death,n (%)  HR (95% CI) P Death, n (%) HR (95% Cl) P

3 10 7 (70.00) 1.00 5 (50.00) 1.00
4 31 20 (64.52)  0.63(0.26-1.54)  0.312 15 (48.39) 0.69 (0.24-1.94)  0.479
5 75 36 (48.00)  1.13(0.49-2.56)  0.778 34 (45.33) 1.45(0.56-3.74)  0.444
6 157 100 (63.69)  1.75(0.80-3.82)  0.162 87 (55.41) 201(0.81-501)  0.135
7 215 119 (55.35)  1.78(0.82-3.88)  0.146 111 (51.63) 226(0.91-5.62)  0.078
8 251 176 (70.12)  2.69 (1.24-5.81)  0.012 159 (63.35) 327(1.33-8.07)  0.010
9 197 153 (77.66)  2.97 (1.37-6.44)  0.006 136 (69.04) 3.43(1.39-8.49)  0.008
10 123 96 (78.05)  3.15(1.43-6.93)  0.004 85 (69.11) 3.66 (1.46-9.17)  0.006
11 57 44 (77.19)  3.99(1.76-9.04)  0.001 40 (70.18) 490 (1.90-12.63)  0.001
12 8 8(100.00)  5.07 (1.77-14.52)  0.003 7 (87.50) 6.01(1.84-19.58)  0.003
13 1 0 (0.00) - - 0 (0.00) - -
Trend <0.001 <0.001

3-7 488 282 (57.79) 1.00 - 252 (51.64) 1.00 -

8-13 637 477 (74.88)  1.99 (1.71-2.31)  <0.001 427 (67.03) 1.94 (1.66-2.28)  <0.001

', risk genotypes were ABCG1 rs225390 AA, ADAM12 rs10794069 AG+GG, DTX7 rs1732793 GA + AA, E2F3 rs3806116 GT+TT, IRAK2
rs779901 CC, VWF rs73049469 CA + AA, ITGB2 rs3788142 GA + AA, RUNX3 rs7553295 GG, AMD1 rs1279590 GG, MSRA rs73534533
CC, TNFRSF1B rs677844 TT, IKBKAP rs4978754 CC, PLCG2 rs9673682 TT and PLPP1 rs115613985 TA + AA; ?, 60 missing date were
excluded, no patients with 0, 1, 2 or 14 risk genotypes; °, adjusted for age, sex, smoking status, histology, tumor stage, chemotherapy,
radiotherapy, surgery and principal components. SNP, single-nucleotide polymorphism; NSCLC, non-small cell lung cancer; PLCO,
Prostate, Lung, Colorectal and Ovarian cancer screening trial; OS, overall survival; DSS, disease-specific survival; HR, hazards ratio; Cl,

confidence interval.



A B

100 OS: Log-rank P<0.001 . 100
Multivariate analysis P<0.001 —=3-7 risk genotypes

——8-13risk genotypes

DSS: Log-rank P<0.001
Multivariate analysis P<0.001

— 3-7 risk genotypes
—— 8-13 risk genotypes

80 80 1
T 607 T 607
2 <
2 2 n=488, events=252
2 n=488, events=282 -
S 40 A S 40
< o
gf g n=637, events=427

n=637, events=477
20 A 20
0 T T T 1 0 T T T 1
0 50 100 150 200 0 50 100 150 200
Survival time (months) Survival time (months)

Figure S4 Kaplan-Meier survival curves of combined all the SNPs identified in this study and previously published in the present study populations.

Table S7 Stratified analysis for association between the risk genotypes and survival of NSCLC in the PLCO trial'

0-1 risk genotype 2 risk genotypes 0s? DSS?

Characteristios Al OS(;?)ath Dss(o/ffath Al OS death (%) Dss(tydo;*ath HR (95% Cl) P P HR (95% Cl) P P.°
Age (years) 0.383 0.425
<71 463 291 (62.85) 259 (55.94) 159 101(63.52) 93 (58.49)  1.12(0.89-1.40) 0.353 1.15(0.90-1.46) 0.262

>71 401 278 (69.33) 248 (61.85) 139 112(80.58) 102 (73.38) 1.38(1.10-1.73) 0.005 1.39 (1.10-1.77) 0.006

Sex 0.388 0.240
Male 503 355 (70.58) 307 (61.03) 185 146(78.92) 133(71.89) 1.31(1.08-1.59) 0.007 1.36(1.11-1.68) 0.003
Female 361 214 (59.28) 200 (55.40) 113 67 (59.29) 62 (54.87)  1.06 (0.80-1.42) 0.676 1.06 (0.78-1.43) 0.711
Smoking status 0.975 0.965
Never 88 45 (51.14) 44 (50.00) 26 17 (65.38) 16 (61.54) 1.81(0.91-3.61) 0.091 1.83 (0.90-3.72) 0.094
Former 473 338 (71.46) 303 (64.06) 165 119(72.12) 107 (64.85) 1.28 (1.03-1.58) 0.024 1.27 (1.02-1.59) 0.034
Current 303 186 (61.39) 160 (52.81) 107 77 (71.96) 72(67.29)  1.07 (0.81-1.40) 0.652 1.12 (0.84-1.49) 0.434
Histology 0.505 0.459
Adenocarcinoma 416 248 (59.62) 229 (55.05) 154 97 (62.99) 91(59.09)  1.12 (0.88-1.42) 0.361 1.12 (0.87-1.43) 0.379
Squamous cell 201 126 (62.69) 102 (50.75) 78 61(78.21) 55(70.51)  1.56 (1.13-2.15) 0.007 1.78 (1.26-2.53)  0.001
carcinoma

Others 247 195(78.95) 176 (71.26) 66 55(83.33) 49 (74.24)  1.20 (0.89-1.64) 0.237 1.20 (0.86-1.66) 0.279
Tumor stage 0.952 0.638
-IIA 486 228 (46.91) 181(37.24) 160 84 (52.50) 70 (43.75)  1.27 (0.98-1.64) 0.067 1.37 (1.03-1.81) 0.029
NB-IV 378  341(90.21) 326 (86.24) 138 129(93.48) 125(90.58) 1.13(0.92-1.39) 0.240 1.14(0.92-1.41) 0.226
Chemotherapy 0.410 0.387
No 458 255 (55.68) 211 (46.07) 172 109 (63.37) 94 (54.65) 1.22 (0.97-1.54) 0.085 1.23(0.96-1.58) 0.102

Yes 406 314 (77.34) 296 (72.91) 126 104 (82.54) 101(80.16) 1.17 (0.93-1.46) 0.185 1.20 (0.95-1.50) 0.130
Radiotherapy 0.011 0.020
No 561 328 (58.47) 283(50.45) 191 117 (61.26) 104 (54.45) 1.01(0.81-1.25) 0.946 1.03 (0.81-1.29) 0.837

Yes 303 241(79.54) 224 (73.93) 107 96(89.72) 91 (85.05)  1.54 (1.20-1.97) 0.001 1.56 (1.21-2.02)  0.001
Surgery 0.654 0.708
No 466 400 (87.77) 383 (82.19) 162 150(92.59) 145(89.51) 1.21 (1.00-1.46) 0.054 1.23(1.01-1.50) 0.038

Yes 398 160 (40.20) 124 (31.16) 136 63 (46.32) 50 (36.76)  1.26 (0.94-1.69) 0.125 1.32 (0.95-1.85) 0.101

', 23 missing date were excluded; ?, adjusted for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2, PC3, and PC4; °,
P P value for interaction analysis between characteristic and risk genotypes. OS, overall survival; DSS, disease-specific survival; NSCLC, non-small cell lung
cancer; PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HR, hazards ratio; Cl, confidence interval.



Table S8 Associations between two combined SNPs and survival by subgroups of NSCLC patients with or without radiotherapy in the PLCO
Trial'

Multivariate analysis (without radiotherapy)® Multivariate analysis (with radiotherapy)?
Number of risk genotypes
All Death, n (%) HR (95% ClI) P All Death, n (%) HR (95% ClI) P

oS

0 156 88 (56.41) 1.00 80 64 (80.00) 1.00

1 405 240 (59.26) 1.26 (0.98-1.61)  0.075 223 177 (79.37)  1.24(0.92-1.68)  0.162

2 191 117 (61.26) 1.18 (0.89-1.57)  0.260 107 96 (89.72) 1.78 (1.28-2.49)  0.001
Trend of OS 0.312 0.001

0-1 561 328 (58.47) 1.00 303 241 (79.54) 1.00

2 191 117 (61.26) 1.00 (0.81-1.24)  0.998 107 96 (89.72) 1.52(1.19-1.96)  0.001
DSS

0 156 78 (50.00) 1.00 80 58 (72.50) 1.00

1 405 205 (50.62) 1.23 (0.94-1.60)  0.137 223 166 (74.44)  1.25(0.91-1.71)  0.162

2 191 104 (54.45) 1.18(0.87-1.60)  0.285 107 91 (85.05) 1.83(1.29-2.58)  0.001
Trend of DSS 0.328 <0.001

0-1 561 283 (50.45) 1.00 303 224 (73.93) 1.00

2 191 104 (54.45) 1.02 (0.81-1.28)  0.867 107 91 (85.05) 1.55(1.20-2.01)  0.001

', 23 missing date were excluded; ?, adjusted for age, sex, stage, histology, smoking status, chemotherapy, surgery, PC1, PC2, PC3,
and PC4. SNP, single-nucleotide polymorphism; OS, overall survival; DSS, disease-specific survival; NSCLC, non-small cell lung cancer;
PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HR, hazards ratio; Cl, confidence interval.

Table S9 Associations between two combined SNPs and survival by subgroups of NSCLC patients with I-ITIA or IIIB-IV stage in the PLCO
Trial'

Number of risk Multivariate analysis (I-IllA stage)® Multivariate analysis (IlIB-IV stage)®
genotypes All Death, n (%) HR (95% CI) P All Death, n (%) HR (95% Cl) P
0os

0 132 58 (43.94) 1.00 104 94 (90.38) 1.00

1 354 170 (48.02) 1.21 (0.89-1.65) 0.231 274 247 (90.15) 1.41 (1.11-1.81) 0.006

2 160 84 (52.50) 1.46 (1.03-2.06) 0.032 138 129 (93.48) 1.44 (1.01-1.89) 0.009
Trend of OS 0.030 0.012

0-1 486 228 (46.91) 1.00 378 341 (90.21) 1.00

2 160 84 (52.50) 1.27 (0.99-1.64) 0.065 138 129 (93.48) 1.13 (0.92-1.39) 0.256
DSS

0 132 46 (34.85) 1.00 104 90 (86.54) 1.00

1 354 135 (38.14) 1.22 (0.86-1.72) 0.264 274 236 (86.13) 1.40 (1.09-1.80) 0.008

2 160 70 (43.75) 1.58 (1.08-2.31) 0.019 138 125 (90.58) 1.44 (1.09-1.90) 0.010
Trend of DSS 0.017 0.013

0-1 486 181 (37.24) 1.00 378 326 (86.24) 1.00

2 160 70 (43.75) 1.37 (1.03-1.81) 0.030 138 125 (90.58) 1.14 (0.91-1.40) 0.236

', 23 missing date were excluded; ?, adjusted for age, sex, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2,
PC3, and PC4. SNP, single-nucleotide polymorphism; OS, overall survival; DSS, disease-specific survival; NSCLC, non-small cell lung
cancer; PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HR, hazards ratio; Cl, confidence interval.
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Figure S5 ROC curve and time-dependent AUC estimation for prediction of NSCLC survival in the PLCO dataset. Five-year survival
prediction by ROC curve: (A,B) for OS and DSS of the two SNPs identified in the present study, (C,D) for OS and DSS of all the SNPs
identified in this study and previously published in the present study populations. Time-dependent AUC estimation: (E,F) for OS and DSS
of the two SNPs identified in the present study, (G,H) for OS and DSS of all the SNPs identified in this study and previously published in
the present study populations.



Table S10 Correlation between the two SNPs and their mRNA expression in whole blood and normal lung tissue in the GTEx project

Whole blood (n=369) Normal lung tissue (n=383)
SNP Gene
p SE P B SE P
rs9673682 T>G PLCG2 0.012 0.258 0.645 -0.005 0.038 0.885
rs115613985 T>A PLPP1 - - - - - -

SNP, single-nucleotide polymorphism; GTEXx, genotype-tissue expression project; SE, standard error.
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Figure S6 Differential mRNA expression analysis by using the data of the Cancer Genome Atlas (TCGA). Compared to the adjacent
normal tissues, lower expression of PLCG2 (A) and PLPPI (B) were found in the 107 paired tumor tissues (P<0.001 for both).
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Figure S7 Kaplan-Meier analysis for patients with NSCLC by the two genes. Based on online survival analysis software, lower expression
levels of PLCG2 (A) and PLPP1 (B) were associated with a poorer survival of NSCLC.
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Figure S8 Mutation analysis of PLCG2 gene in lung tumor tissues by using public available data in the database of the cBioPortal for
Cancer Genomics (http://www.cbioportal.org). PLCG2 gene had low mutation rates in both lung adenocarcinoma [2.19% (4/183) in the
Broad study, 1.31% (12/915) in the MSK study, 1.23% (2/163) in the TSP study and 1.19% (7/586) in the T'CGA study] and squamous cell
carcinoma [0.78% (4/511) in the TCGA study].
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Figure S9 Functional prediction of SNPs in the ENCODE project. (A) Location and functional prediction of SNP rs9673682; (B) location
and functional prediction of SNP rs115613985.
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