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Abstract

Background Cyclin D1 (CCNDT) plays a pivotal role in cancer susceptibility and the platinum-based chemotherapy
response. This study aims to assess the relationship between a common polymorphism (rs9344 G > A) in CCNDT gene
with cancer susceptibility, platinum-based chemotherapy response, toxicities and prognosis of patients with lung
cancer.

Methods This study involved 498 lung cancer patients and 213 healthy controls. Among them, 467 patients received
at least two cycles of platinum-based chemotherapy. Unconditional logistical regression analysis and meta-analysis
were performed to evaluate the associations.

Results The lung adenocarcinoma risk was significantly higher in patients with AA than GG+ GA genotype
(adjusted OR=1.755, 95%Cl=1.057-2.912, P=0.030). CCND1 rs9344 was significantly correlated with platinum-
based therapy response in patients receiving PP regimen (additive model: adjusted OR=1.926, 95%C|=1.029-3.605,
P=0.040; recessive model: adjusted OR=11.340, 95%Cl=1.428-90.100, P=0.022) and in the ADC subgroups (reces-
sive model: adjusted OR=3.345, 95%Cl=1.276-8.765, P=0.014). Furthermore, an increased risk of overall toxicity
was found in NSCLC patients (additive model: adjusted OR=1.395, 95%C|=1.025-1.897, P=0.034; recessive model:
adjusted OR=1.852, 95%Cl=1.088-3.152, P=0.023), especially ADC subgroups (additive model: adjusted OR=1.547,
95%CI=1.015-2.359, P=0.043; recessive model: adjusted OR=2.030, 95%Cl|=1.017-4.052, P=0.045). Additionally,
CCND1 rs9344 was associated with an increased risk of gastrointestinal toxicity in non-smokers (recessive model:
adjusted OR=2.620, 95%Cl=1.083-6.336, P=0.035). Non-significant differences were observed in the 5-year overall
survival rate between CCNDT rs9344 genotypes. A meta-analysis of 5432 cases and 6452 control samples did not find
a significant association between lung cancer risk and CCND1 rs9344 polymorphism.

Conclusion This study suggests that in the Chinese population, CCND1 rs9344 could potentially serve as a candidate
biomarker for cancer susceptibility and treatment outcomes in specific subgroups of patients.

Keywords Lung cancer, CCNDT rs9344, Platinum-based chemotherapy, Susceptibility, Prognosis

*Correspondence:

Weijing Gong

weijinggong@hust.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-02983-1&domain=pdf

Mei et al. BMC Pulmonary Medicine (2024) 24:167

Background

Lung cancer is a prevalent disease that seriously endan-
gers global public health [1-4]. According to statistics,
there were about 2.20 million newly-diagnosed lung
cancer cases and 1.79 million mortalities worldwide
every year [4, 5]. Lung cancer accounts for more than
20% of cancer-related deaths worldwide, surpassing the
combined mortality rates of prostate, breast, and colon
cancers [1, 6-8]. Despite the progress made in targeted
therapy and immunotherapy in the recent decades, plati-
num-based chemotherapy remains the most widely used
treatment option in clinical practice [9-12]. However,
due to individual variations in sensitivity, only a subset
of patients benefits from this treatment [13]. Given the
potential toxic reactions, it is urgent to discover reliable
predictive biomarkers to predict the prognosis, thera-
peutic efficacy and toxicity of lung cancer patients, which
is crucial for promoting personalized medicine and
enhancing therapeutic outcomes [14—16].

Cyclins D1 (CCNDI) plays a vital role in cell cycle
regulation which mediates the G1 to S phase transition
[17-19]. It also has a fundamental involvement in human
cancer progression, including cell proliferation, transcrip-
tion, chromosome duplication and stability, DNA dam-
age response, metabolism, tumor migration and invasion
[17, 20, 21]. Multiple clinical studies demonstrated that
dysregulation of CCND is associated with poor progno-
sis and platinum-based chemotherapy response in vari-
ous human cancers, highlighting its potential as a tumor
predictive biomarker [22-32].

Single nucleotide polymorphisms (SNPs) refer to DNA
sequence polymorphisms caused by single nucleotide
variation at the genomic level, accounting for over 90%
of all known polymorphisms [33-35]. Cyclins D1 is the
second most frequently amplified locus in human solid
tumors [36, 37]. The association between CCND1 A870G
(rs9344) polymorphism and cancer risk has been previ-
ously investigated in lung cancer [38—43]. However, due
to the limited number of studies and sample size, the
exact role of CCNDI polymorphism in predicting lung
cancer risk remains unclear. Only few studies have been
conducted to investigate the correlation between CCNDI
rs9344 and platinum-based chemotherapy response in
lung cancer.

This study aimed to investigate the association of
CCND1 rs9344 with cancer susceptibility, platinum-
based chemotherapy, toxicity and overall survival of
patients with lung cancer by performing hospital-based
case-control study. Additionally, a meta-analysis was
conducted using 5432 cases and 6452 control samples to
evaluate the association between CCNDI rs9344 poly-
morphism and lung cancer risk. The results may provide
evidence in support of the potential utilization of CCNDI
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rs9344 as a predictive biomarker for prognosis and chem-
otherapy sensitivity in Chinese patients with lung cancer
in certain conditions.

Methods

Study design

Setting

During November 2011 to May 2013, 498 patients with
primary lung cancer (diagnosed by cytology or histol-
ogy) were consecutively recruited at Xiangya Hospital
and the Affiliated Cancer Hospital of Central South Uni-
versity in Changsha, Hunan Province, China. During the
same period, 213 healthy controls were collected from
the physical examination center of Xiangya Hospital of
Central South University. This study was approved by
the Ethics Committee of Xiangya School of Medicine,
Central South University (registration number: CTXY-
110008-2), and all subjects enrolled have signed the
informed consent.

Participants

All patients had been histologically or cytologically con-
firmed to have primary lung cancer. Subjects who were
pregnant, lactating, had active infections, symptomatic
brain or leptomeningeal metastases, or other previous or
concurrent malignancies were excluded from the study.
Among them, 467 patients were enrolled in the plati-
num-based chemotherapy response study. The inclusion
criteria were as follows: (1) They were not administered
radiotherapy and/or biological therapy prior to or dur-
ing chemotherapy; (2) they received at least two cycles
of platinum-based chemotherapy; (3) they underwent
full follow-up (to March 2017); (4) tumors were assessed
before and during treatment using the same imag-
ing methods (Supplementary Table 1). Platinum-based
chemotherapy regimens include pemetrexed + platinum
(PP), gemcitabine + platinum (GP), paclitaxel + platinum
(TP), docetaxel+ platinum (DP), etoposide+ platinum
(EP), and other platinum-based chemotherapy regimens
(irinotecan + platinum, navibine + platinum). In the case
of the healthy controls, individuals with a smoking his-
tory, a history of lung ailments, or those engaged in
high-risk occupations such as chemical, construction,
asbestos, and coal mining work were excluded.

Variables

The endpoints of the study were as follows: chemo-
therapy response was evaluated based on the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines
and categorized as responders (complete response: CR,
partial response: PR) or non-responders (stable disease:
SD and progressive disease: PD). Two professional radi-
ologists independently evaluated the CT scans of lung
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cancer patients before and after chemotherapy to assess
the treatment effectiveness after two cycles of therapy. In
case of disagreement, a third radiologist was consulted.
Toxicity was assessed according to the National Can-
cer Institute Common Toxicity Criteria 3.0 during the
first two cycles of chemotherapy regimen. Grade 3 or 4
toxicity was defined as severe toxicity. Severe gastro-
intestinal toxicity was grade 3 or 4 nausea and vomit-
ing. Severe hematological toxicity included grade 3 or 4
hypochromia, leukopenia, neutropenia and thrombocy-
topenia. Patients who experienced any type of the grade
3 or 4 toxicities described above were defined as suffering
severe overall toxicity.

For the lung caner patients, age, sex, smoking status,
stage, histological type, and chemotherapy regimens were
collected. For the healthy controls, age, sex and smoking
status were collected. The above factors age, sex, smoking
status, stage, histological type, and chemotherapy regi-
mens were considered as covaraites in this study.

DNA extraction and genotyping analysis

Venous blood DNA was extracted using the Genomic
DNA Purification Kit (Promega, Madison, WI, USA).
CCNDI1 rs9344 was genotyped using the Sequenom Mas-
SARRAY System (Sequenom, San Diego, CA, USA).

Study selection and data extraction criteria

of meta-analysis

The Pubmed, Embase and Cochrane databases were utilized
to identify original studies examing the association between
CCND1 rs9344 and lung cancer susceptibility (up to March
29, 2023). The search formula was: “CCND1 or Cyclin D1”
and “genetic polymorphism or polymorphisms or variant or
rs9344” and “lung cancer”. Included studies had to be original
case-control studies with detailed CCNDI rs9344 genotype
frequencies or available data. The qualities of selected studies
were independently assessed and identified by two research-
ers. The following information was extracted from the
included studies: the last name of the first author, year of pub-
lication, country, ethnicity, cancer type, source of cases and
controls, number of cases and controls, genotyping method,
genotype or allele frequency, and HWE p values for controls.

Statistical analysis

The study size was estimated using Power Analysis and
Sample Size (PASS) 2021 (NCSS, LLC. Kaysville, Utah,
USA) at a power value of 0.80. The chi-square test was
used to assess differences in proportions between groups
for the categorical variables. The median age of lung can-
cer patients, 57 years old, was used as cut-off value. The
Hardy-Weinberg equilibrium was calculated using the
chi-square test. Associations between CCNDI rs9344 and
cancer susceptibility, therapeutic response and toxicity
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Table 1 Demographics of lung cancer patients and healthy
controls

Characteristics Patients, n(%) Controls,n(%) P

(n=498) (n=213)
Sex
Male 394(79.1) 80(37.6) 0.000"
Female 104(20.9) 133(62.4)
Age (years)
<57 242(48.6) 74(34.7) 0.000"
>57 256(51.4) 139(65.3
Histology
NSCLC 429(86.1)
SCLC 69(13.9)
ScC 189(37.9)
ADC 217(43.6)
Other® 23(4.6)
Stage (NSCLC)
(Al 13(3.0)
I, v 416(97.0)
Stage (SCLC)
Limited 36(52.2)
Extensive 33(47.8)
Regimen
Regimen1 192(41.4)
Regimen2 68(14.6)
Regimen3 137(29.3)
Regimen4 27(5.8)
Regimen5 29(6.2)
Other® 14(3.0)
Chemotherapy response 467
Responder 283(60.6)
Non-responder 184(39.4)
Overall toxicity 467
Grade 0-2 286(61.2)
Grade 3-4 181(38.8)
Gastrointestinal toxicity 467
Grade 0-2 366(784)
Grade 3-4 101(21.6)
Hematological toxicity 467
Grade 0-2 353(75.6)
Grade 3-4 114(24.4)

Abbreviations n number, SCC Squamous cell carcinoma, ADC Adenocarcinoma,
SCLC Small cell lung cancer

Other® mixed-cell or undifferentiated carcinoma, NSCLC Non-small cell lung
cancer, Regimen1 platinum + gemcitabine, Regimen2 Platinum + etoposide,
Regimen3 Platinum + pemetrexed, Regimen4 Platinum + paclitaxel, Regimen5
Platinum + docetaxel,

Other® platinum + irinotecan or platinum + navelbine
“P<0.05

were estimated by unconditional logistic regression. Fac-
tors including age, sex, smoking status, stage, histologi-
cal type, and chemotherapy regimens were considered as
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covaraites in this study. Survival curves were calculated
using the Kaplan-Meier method, and survival analyses
were conducted using Cox proportional hazards regres-
sion analysis. All significance tests were two-sided, and
P<0.05 was defined as statistically significant. The above
analyses were performed using PLINK 1.9 and PASW
statistics v18.0 (IBM Co., Armonk, NY, USA).

In the meta-analysis, the association between cancer risk
and CCNDI rs9344 was assessed by calculating pooled
OR and 95% CI. The heterogeneity of the effect size across
studies was estimated and quantified by Cochrane’s Q test
and P test. The random effect model is selected if P< 0.1 or
P >50%, otherwise, the fixed effect model is adopted. The
stability of the results was assessed by sensitivity analysis.
The inverted funnel plot was used to estimate the publica-
tion bias. All statistical analysis was performed in R4.2.3.
P<0.05 was considered statistically significant.

Results

Participants and descriptive data

In this study, 498 cases of lung cancer (394 males and
104 females) and 213 healthy controls (80 males and 133
females) were included. The clinical characteristics of the
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participants, including sex, age, histology, tumor stage,
regimen, therapeutic response and toxicities were listed
in Table 1 and Supplementary Table 1. The genotype dis-
tribution of CCNDI rs9344 was in agreement with the
Hardy Weinberg equilibrium (P=0.539).

Association between CCND1 rs9344 and lung cancer
susceptibility
After adjusting for age and sex, the association between
CCNDI rs9344 polymorphism and cancer risk was ana-
lyzed in additive, dominant and recessive models, respec-
tively. The results of logistic regression analysis were shown
in Table 2 and Supplementary Tables 2, and the OR values
with 95%CI in different genetic models were as follows:
additive model (GG vs. GA vs. AA: adjusted OR=1.115,
95%CI=0.869-1.431, P=0.391); dominant model
(GA+AA vs. GG: adjusted OR=0.980, 95%CI=0.673—
1.425, P=0.914); recessive model (AA vs. GG+GA:
adjusted OR=1.498, 95%CI=0.935-2.399, P=0.0927).
These results did not indicate a significant correlation
between CCNDI rs9344 and the risk of lung cancer.
Subsequently, the stratified analyses were performed. As
shown in Fig. 1 and Supplementary Table 3, CCNDI rs9344

Table 2 Association of CCNDT rs9344 with cancer susceptibility and clinical outcomes in patients received platinum-based

chemotherapy
Type Genotype n (%) n (%) Additive model Dominant model Recessive model
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Susceptiblity? Case Control 1.115(0.869-1.431) 0.391 0.980(0.673-1.425) 0914 1.498(0.935-2.399) 0.0927
GG 127(25.5)  33(15.5)
GA 237(47.6)  106(49.8)
AA 126(25.3)  72(33.8)
Cher‘notherapyresponseb Responder Non-responder 1.225(0.934-1.607) 0.142 1.274(0.848-1.914) 0.243 1.375(0.838-2.255) 0.207
GG 31(16.8) 61(21.6)
GA 85(46.2) 134(47.3)
AA 67(36.4) 85(30.0)
OveraHtoxidtyb Grade 0-2 Grade 3-4 1.142(0.874-1.493) 033 1.110(0.736-1.674) 0618 1.323(0.824-2.125) 0.246
GG 51(17.8) 41(22.7)
GA 137(479)  83(45.9)
AA 94(32.9) 57(31.5)
Gastrointestma\toxicityb Grade 0-2 Grade 3-4 1.048(0.767-1.432) 0.768 1.034(0.636-1.679) 0.894 1.109(0.641-1.920) 0.711
GG 69(18.9) 23(22.8)
GA 175(47.8)  45(44.6)
AA 118(32.2)  33(32.7)
Hematologica\toxicityb Grade 0-2 Grade 3-4 1.012(0.749-1.366) 094 0.965(0.611-1.523) 0.878 1.090(0.639-1.859) 0.751
GG 69(19.5) 23(20.2)
GA 167(473)  53(46.5)
AA 113(320)  38(33.3)

Abbreviations n number, OR Odds ratio, C/ Confidence interval
2 with adjustments of age and sex;

b with adjustments of age, sex, stage, histological type, smoking status, and chemotherapy regimens
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(a) (b) (c)
Variable P-value  OR(95%CI) Additive Model Variable P-value  OR(95%CI) Dominant Model Variable P-value  OR(95%CI) Recessive Model
age<sT 0258 1.196(0.877-1.630) —_—— age<sT 0425 1210(0.755-1931) ——.— age<sT 0271 1.378(0.778-2.440) ——
Age : Age : Age :
age257 0964 1.010(0.664-1.536) —_— age257 0202 0.656(0.343-1.253) ] age 257 0099 2043(0874-4.772) —.
male 0577 LUSO9I-1581) — male 0962 1.013(0.600-1.710) —— make 0250 14440.741-2814) -
Gender H Gender Gender |
female 0390 1.171(0.817-1.676) ——— female 0.895 0.964(0.560-1.659) —— female 0.084 1.785(0.925-3.446) H—
NSCLC 0262 118(0896-1.496) . NscLe 0912 1.022(0.695-1.503) —— NSCLC 0059 1.591(0.983-2574) -
scLC 0663 1.106(0.704-1.736) —— scLe 0734 0.892(0.460-1.729) —_—— scLe 0222 1.664(0.735-3.770) ——
Histology V Histology Histology \
ADC 0116 1.254(0.946-1.662) e ADC 0603 11210.730-1.721) —— ADC 0030 1.755(1.057-2912) ——
sce 0449 1145(0.807-1.623) ——— sce 0989 1.004(0.608-1.656) —. scc 0157 1625(0.830-3.184) ——
T 1 1 1 1 T T T 1
00 05 1.0 15 00 05 1.0 15 0 1 2 3 4

Fig. 1 Stratification analyses of the association of CCND1 rs9344 with lung cancer risk. a—c Additive (a), dominant (b), and recessive (c) models
with adjustments of age and sex. Each box and horizontal line represent the odds ratio (OR) and 95% confidence interval (Cl). NSCLC non-small cell
lung carcinoma, ADC adenocarcinoma, SCC squamous cell carcinoma, SCLC small cell lung cancer

was significantly associated with adenocarcinoma (ADC)
patients in the recessive model. The cancer susceptibility
was higher in ADC patients with CCNDI rs9344 AA geno-
types than in those with GG and GA genotypes (adjusted
OR=1.755, 95%CI=1.057-2.912, P=0.030) (Fig. 1).

Association of CCND1 rs9344 and platinum-based
chemotherapy response in lung cancer patients

Among the 498 cases of lung cancer, 467 of them had
received more than two cycles of platinum-based chemo-
therapy. As shown in Table 1 and Supplementary Tables 1,
283 responders and 184 non-responders were included,
respectively. The unconditional logistic regression analysis
was conducted after adjusting for the age, sex, stage, his-
tological type, smoking status and chemotherapy regimen.
However, no significant correlation was identified between
CCND1 rs9344 polymorphism and platinum-based chem-
otherapy response (Table 2 and Supplementary Table 2) in
the general overall pooled analysis.

However, CCND1 rs9344 was found to be significantly
correlated with the platinum-based chemotherapy response
of patients who received platinum+ pemetrexed therapy
(additive model: adjusted OR=1.926, 95%CI=1.029-
3.605, P=0.040; recessive model: adjusted OR=11.340,
95%CI=1.428-90.100, P=0.022). In addition, a significant
correlation was also found between CCNDI rs9344 and
platinum-based chemotherapy response in the subgroup
of ADC patients (recessive model: adjusted OR=3.345,
95%CI=1.276—8.765, P=0.014) (Fig. 2 and Supplementary
Table 3).

Association of CCND1 rs9344 with platinum-based
chemotherapy toxicity in lung cancer patients

Of the 467 lung cancer patients who received more than
two cycles of platinum-based chemotherapy, 181 had
undergone at least one type of severe toxicity. Grade
3—4 gastrointestinal and hematologic toxicities occurred
in 101 and 114 patients, respectively (Table 1 and

(a) (b) (c)
Variable P-value  OR(95%CI) Additive Model Variable P-value  OR(95%CI) Dominant Model Variable P-value  OR(95%CI) Recessive Model
TS TIZNUTRIE0) —— TG TIIOTASTITT —— TS U9 TOITUS3R-TI59) ]
Age 0161 1350(0.887-2.053) — Age 2 0428 1.269(0.704-2.290) —_—— Age age57 0112 1.963(0.855-4.507) "
0099 1301(0.952-1.778) - NSCLC 0365 1.2410.778-1.980) e— NSCLC 0061 17530.975-3.152) "
Histology SCLC 0863 0.940(0.468-1.889) —— Histology SCLC 0737 1.208(0.401-3.642) —i Histology ~ SCLC 049 0.641(0.178-2.305)
ADC 0065 1.547(0.974-2.457) —-— ADC 0541 12450617-2512) —. ADC 0014 3345(1.276-8.765) -
scc 0731 1086(0.678-1.738) —.— scc 0519 1.246(0.639-2.431) ——— sce 0838 0.9130.381-2.189) t
) cisplatin 0083 1.308(0966-1.771) -— cisplatin 0240 1311(0.834-2.061) PN - . cisplatin 0088 1.643(0.935-2.888) "
Platinum H Platinum H Platinum
carboplatin  0.982  0.992(0.498-1.976) e carboplatin 0723 1.205(0.430-3.374) ——— carboplatin 0,648 0.755(0.226-2.520)
regimen 0882 1.032(0.682-1.562) —— regimenl 0425 1.288(0.692-2.399) —_— 0492 0.771(0.367-1.619)
Regimen regimen2 0413 0.733(0.348-1.543) ——— Regimen  regimen2 0910 1.067(0.348-3.270) »—:.—< Regimen 0120 0.294(0.063-1.376) :
regimen3 0040 1.926(1.029-3.605) —.— regimen3 0418 1.424(0.605-3.354) »—i—l—~ 0022 11.340(1.4 -—
Gender ™ 0105 1.291(0.948-1.756) H—< Gender ™ 0151 1393(0.886-2.192) —— Gender 0231 i
female 0720 0.890(0.470-1.685) —— female 0624 0.773(0.276-2.165) —_—_— female 0930 0.950(0.303-2.980) [
smoke ' 0079 137100.964-1.951) i—.—< smoke 0074 1.605(0.955-2.699) »—n—- Smoke 0304 1.402(0.736-2.674) -
no 0917 1024(0.656-1.598) —— no 0Q7  08410.417-1,694) — no 0465 13510.603-3.026) []
ELUSLBUSLIUNL Tt 111711
00 10 20 3.0 00 10 20 30 0 20 40 60 80

Fig. 2 Stratification analyses of the association of CCND1 rs9344 with platinum-based chemotherapy response. a-c Additive (a), dominant

(b), and recessive (c) models with adjustments of age, sex, stage, histological type, smoking status, and chemotherapy regimens. Each box

and horizontal line represent the odds ratio (OR) and 95% confidence interval (Cl). NSCLC non-small cell lung carcinoma, ADC adenocarcinoma,
SCC squamous cell carcinoma, SCLC small cell lung cancer. Regimen1, platinum 4+ gemcitabine. Regimen2, platinum + etoposide. Regimen3,

platinum + pemetrexed
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Supplementary Table 1). Unconditional logistic regression
analysis demonstrated no significant correlation between
CCND1 rs9344 and overall toxic reactions (Table 2 and
Supplementary Table 2). However, CCNDI1 rs9344 was
significantly correlated with overall toxicity in NSCLC
patients in both the additive model (adjusted OR=1.395,
95%CI=1.025-1.897, P=0.034) and the recessive model
(adjusted=1.852, 95%CI=1.088-3.152, P=0.023). The
same tendency was also observed in ADC patients, with a
significantly increased incidence of overall toxicity in both
the additive model (adjusted OR=1.547, 95%CI=1.015—
2.359, P=0.043) and the recessive model (adjusted
OR=2.030, 95%CI=1.017-4.052, P=0.045) (Fig. 3 and
Supplementary Table 3). The two types of toxicities were
then analyzed separately. CCNDI rs9344 was significantly
associated with an increased risk of gastrointestinal toxic-
ity in non-smokers (recessive model: adjusted OR=2.620,

(a) (b)
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95%CI=1.083-6.336, P=0.035) (Figs. 4 and 5 and Sup-
plementary Table 3).

Association of CCND1 rs9344 with 5-year overall survival

in lung cancer patients

Finally, we analyzed the correlation between CCNDI
rs9344 polymorphism and 5-year overall survival of lung
cancer patients. Kaplan-Meier survival analyses were
separately performed in three genetic models. Non-sig-
nificant difference was observed in the 5-year overall sur-
vival rate between AA vs. GA vs. GG genotype patients
(P=0.226) (Fig. 6a). We also did not find any significant
correlation in the dominant and recessive models (domi-
nant model: HR=2.268 (0.9057-1.790), P=0.268; reces-
sive model: HR=1.065 (0.7983-1.420), P=0.483). Results
of multivariate Cox propotional hazards regression were
exhibited in Supplementary Table 4.

(c)

Variable P-value OR(95%CI) Additive Model Variable P-value OR(95%CI) Dominant Model Variable P-value OR(95%CI) Recessive Model
e U237 TZSTOG6- T8 —— s 0255 TAUSO7RI=T537) —— Es TA0T T TIUG Ty —.—
Age ¢t Age h Age B
< age257 0950 0.987(0.659-1.479) —— = age257 0630 0.865(0.480-1.560) = age257 0.621 1.206(0.573-2.536) ——
NSCLC 0034 1395(1.025-1.897) —.— NSCLC 0194 1.370(0.852-2.206) NSCLC 0023 1.852(1.088-3.152) ——
Histology SCLC 0380/ 0.7100331-1.525) ——— Histology ~ SCLC 0910 0.935(0293-2.987) Histology ~ SCLC 0155 0.348(0.081-1.493) —
ADC 0043 1547(1015-2.359) —— ADC 0165 1.636(0.816-3.280) ADC 0045 2.030(1.017-4.052) —a
sCC 0616 1.133(0.696-1.845) —— scc 0838 1.0740.541-2.132) scc 0498 1.372(0.549-3.430) ——.
cisplatin 0353 L1520855-1.552) ——— . cisplatin 0752 1.076(0.682-1.698) cisplatin 019 1415(0.836-2.396) [ —
Platinum a Platinum Platinum 5
carboplatin 0780 0.909(0.466-1.772) —_—— carboplatin 0,857 carboplatin 0777 0.844(0.261-2.732) ——
regimenl 0423 1186(0.781-1.802) —— regimenl 0999 1.000(0.535-1.872) regimenl 0152 L737(0.816-3.697) ———
Regimen  regimen2 0499 0.782(0.383-1.596) —-—— Regimen  regimen2 0844 L116(0.374-3331) Regimen  regimen2 0154 0.373(0.096-1.450) ——
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Fig. 3 Stratification analyses of CCNDT rs9344 and chemotherapy-induced overall toxicity in lung cancer patients. a—c Additive (a), dominant
(b), and recessive (c) models with adjustments of age, sex, stage, histological type, smoking status, and chemotherapy regimens. Each box

and horizontal line represent the odds ratio (OR) and 95% confidence interval (Cl). NSCLC non-small cell lung carcinoma, ADC adenocarcinoma,
SCC squamous cell carcinoma, SCLC small cell lung cancer. Regimen1, platinum + gemcitabine. Regimen2, platinum + etoposide. Regimen3,

platinum + pemetrexed
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Fig. 4 Stratification analyses of CCND1T rs9344 and chemotherapy-induced gastrointestinal toxicity in lung cancer patients. a-c Additive (a),
dominant (b), and recessive (c) models with adjustments of age, sex, stage, histological type, smoking status, and chemotherapy regimens. Each
box and horizontal line represent the odds ratio (OR) and 95% confidence interval (Cl). NSCLC non-small cell lung carcinoma, ADC adenocarcinoma,
SCC squamous cell carcinoma, SCLC small cell lung cancer. Regimen1, platinum +gemcitabine. Regimen2, platinum + etoposide. Regimen3,

platinum + pemetrexed
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Fig. 5 Stratification analyses of CCNDT rs9344 and chemotherapy-induced hematological toxicity in lung cancer patients. a-c Additive (a),
dominant (b), and recessive (c) models with adjustments of age, sex, stage, histological type, smoking status, and chemotherapy regimens. Each
box and horizontal line represent the odds ratio (OR) and 95% confidence interval (Cl). NSCLC non-small cell lung carcinoma, ADC adenocarcinoma,
SCC squamous cell carcinoma, SCLC small cell lung cancer. Regimen1, platinum + gemcitabine. Regimen?2, platinum + etoposide. Regimen3,

platinum + pemetrexed
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A meta-analysis elucidating the relationship

between CCND1 rs9344 and lung cancer susceptibility

We then conducted a meta-analysis to assess the associ-
ation between CCNDI rs9344 and lung cancer suscep-
tibility. Following the process exhibited in Fig. 7, a total
of 104 relevant studies were retrieved according to the
search formula, and 10 of them were finally included
according to inclusion criteria. Table 3 summarized
the characteristics of the selected studies evaluating
the association of CCNDI rs9344 with lung cancer sus-
ceptibility. A total of 5432 cases and 6452 control sam-
ples were included. As seen in Table 4, the overall OR
with 95%CI did not indicate significant differences in
the lung cancer risk in random effects (Fig. 8) and fixed
effect models (Fig. 9). The funnel plots were used to
check the publication bias, which indicated that there
was no significant publication bias (Figs. 10 and 11).
Both the Begg’s P-value and the Egger’s P-value were
not significant (Table 4). Sensitivity analyses were per-
formed to check the robustness of the meta-analysis
results by neglecting one included study at a time. As

Survival Time (Month)

Survival Time (Month)
Fig. 6 Genotype of CCND1 rs9344 and its association with 5-year overall survival. a AA vs. GA vs. GG; b AA+GA vs. GG; ¢ AA vs. GA+ GG

shown in Fig. 12, no single study was found to signifi-
cantly influence the summary results.

Discussion

Lung cancer remains one of the leading disease bur-
dens. While the last two decades have witnessed the
emergence of novel therapeutic approaches such as
targeted therapy and immunotherapy, platinum-based
chemotherapy remains the most widely employed treat-
ment for lung cancer patients. However, only a subset of
patients could benefit from platinum-based chemother-
apy, while the others, who prove insensitive to platinum
drugs, endure the burdens of toxic side effects with-
out any associated improvement in survival outcomes.
Deeper insight into the pathogenesis, discovery of pre-
dictive biomarkers and optimization in therapeutic
methods may efficiently improve the treatment outcome
[48—50]. Based on this, one of the issues that urgently
need to be addressed now discovering reliable biomark-
ers to identify individuals with a higher sensitivity to
platinum-based chemotherapy. This expansion may
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provide promising possibilities for lung cancer diagno-
sis, treatment and prevention.

Unbalanced cycle regulation is one of the hallmarks
of carcinogenesis. Cyclin D1 plays a crucial role in the
transition from the G1 to the S phase of the cell cycle,
thus being widely recognized as a pivotal element during
the malignant transformation process [51]. The rs9344
(A870G), located in exon 4 of CCNDI1 gene, is a frequent
gene polymorphism that regulates alternative splic-
ing and enables the expression of the transcribed Cyc-
lin D1b. The prediction value of CCNDI rs9344 in the
prognosis of lung cancer patients has been investigated
in several previous studies. However, few of them con-
centrated on platinum-based chemotherapy response.
Hsia, et al. reported that among the lung cancer patients
and cancer-free healthy controls, genotype distribution
(P=0.0003) and allelic frequency (P=0.0007) of CCNDI
rs9344 were significantly different. Individuals who car-
ried the AG and GG genotypes had a 0.59- and 0.52-
fold risk of lung cancer compared to the AA genotype,
respectively (95% CI, 0.44-0.78 and 0.35-0.79) [40].

Sobti et al. also indicated that the AG genotype was cor-
related with a higher risk of lung cancer (OR=1.7, 95%
CI=0.92-3.14) [46]. Gautschi, et al. found that CCNDI
GG genotype was significantly correlated with plati-
num-based chemotherapy response (P=0.04), while no
significant difference was identified in patients’ progno-
sis among different genotypes [41]. However, Cakina,
et al. indicated that no correlation was found in CCNDI
A870G polymorphism between lung cancer patients and
controls [43].

This study conducted a hospital-based case-control
investigation focusing on lung cancer, and system-
atically investigated the association between CCNDI
rs9344 and lung cancer susceptibility, platinum-based
chemotherapy sensitivity, toxicity, and overall survival.
While no significant differences were observed in the
general population, the predictive potential of CCND1
rs9344 was established within specific patient sub-
groups. For cancer susceptibility, patients with the AA
genotype exhibited a significantly higher risk than those
with the GG+ GA genotype (recessive model, adjusted
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Table 4 CCNDT rs9344 and lung cancer risk under the random- and fixed- effects model
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Genetic model

Random-effects model

Fixed-effects model

Publication bias (P)

Test of association Test of Test of association Test of
heterogeneity heterogeneity
2 2,
OR  95%CI P P 14(%) OR  95%Cl P P 14(%) Egger'stest Begg’s test
GA vs. GG 1.02 085-1.23 0847 0.0052 60.10% 1.00 0.9207-1.0957 09215 0.01% 60.10%  0.7850 0.3502
AA vs. GG 1.01  077-132 0943 <0.0001 73.10% 1.06 09522-1.1727 0.2989 <0.0001 73.10% 0.6488 1.0000
AAvs. GA 1.00 081-124 0983 0.0002 69.90% 1.08 0.9833-1.1788 0.1106 0.0002 69.90%  0.3409 0.2758
AA+ GA vs. GG 1.04 085-126 0726 0.0005 6820% 1.06 09755-1.1478 0.1735 0.0005 68.20% 0.7651 0.8763
GA vs. AA+ GG 1.01  086-1.17 0976 0.0025 63.20% 099 09175-1.0590 0.6938 0.0025 63.20% 0.7450 0.5334
AAVs. GA + GG 100 081-1.25 0942 <0.0001 73.80% 1.09 0.9977-1.1844 0.0564 <0.0001 73.80% 03367 0.5334
allelicAvs. G 102 090-1.16 0757 <0.0001 7330% 105 1.0005-1.1074 0.0478 <0.0001 73.30% 0.5028 0.8763
Abbreviations n number, OR Odds ratio, C/ Confidence interval
(a) Experimental Control (b) Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Cakina S 2013 37 5 31 43 110 [0.44,276] 32% Cakina S 2013 25 38 15 27 — 154 [056,4.24] 46%
Catarino R 2013 175 265 512 676 —=— 062 [0.46,085] 10.9% Catarino R 2013 77 167 216 380 —=— 065 [0.45,094] 10.5%
Gautschi 0 2006 133 199 90 145 — 123 [0.79,193] 82% Gautschi 0 2006 45 111 42 o7 —— 089 [0.51,155 8.4%
Hsia TC 2011 183 220 422 541 —— 112 [0.77,164]  94% Hsia TC 2011 129 175 175 204 —#— 191 [127,287] 10.0%
Hung RJ 2006 1081 1690 1081 1708 = 1.03 [0.90;1.18] 143% Hung RJ 2006 527 1136 500 1127 = 109 [0.92;1.28] 124%
Pandey A 2017 241 303 206 290 f—=— 150 [109,231] 95% Pandey A 2017 50 112 61 145 —— 111 [068;183]  9.0%
R. PerezMorales 2013 84 170 156 317 —e— 101 [0.69;1.46]  96% R Perez-Morales 2013 20 106 65 226 —=— 058 [0.33;,1.01] 8.3%
Qivling S 2003 85 125 98 146 e — 104 [062,173] 71% Qiuling S 2003 57 97 39 87 F—=— 175 (098,315 81%
Sobti RC 2006 87 116 69 108 f—=—— 170 095301] 62% Sobti RC 2006 35 64 43 82 —— 109 [057,211]  74%
Wang W 2007 638 1006 645 1014 = 099 [0.83;1.19] 135% Wang W 2007 284 652 227 596 e 125 [1.00;157] 119%
Wang T 2023 237 364 106 139 —=—— 058 [037,091]  82% Wang T 2023 126 253 72 105 —=— 045 [0.28,073] 9.2%
Random effects model 4517 5127 1.02 [0.85; 1.23] 100.0% Random effects model 2911 3166 == 1.01 [0.77; 1.32] 100.0%
Heterogeneity: 1% = 60%, <* = 0.0578, p <0.01 Heterogeneity: 1% = 73%, 12 = 0.145, p < 0.01
05 1 2 05 1 2
c Experimental Control d Experimental Control
Study Events Total Events Total Odds Ratio OR  95%-Cl Weight Study Events Total Events Total Odds Ratio OR  95%-Cl Weight
Cakina S 2013 25 62 15 46 ———=———— 140 063;310] 4.8% Cakina S 2013 62 75 46 58 — 124 [052,298] 37%
Catarino R 2013 77 252 216 728 — 1.04 [0.76;1.42] 10.6% Catarino R 2013 252 342 728 892 N —=— 063 [0.47,085] 10.7%
Gautschi O 2006 45 178 42 132 073 [0.44;1.19] 7.9% Gautschi 0 2006 178 244 132 187 —pE— 112 [074;172] 85%
Hsia TC 2011 129 312 175 597 —=— 170 [1.28,226] 11.0% Hsia TC 2011 312 358 507 716 T—=— 1.35 [0.94;195] 94%
Hung RJ 2006 527 1608 500 1581 = 105 (091,122 12.8% Hung RJ 2006 1608 2238 1581 2289 = 114 [101,1.30] 132%
Pandey A 2017 50 291 61 267 —=—f 070 [0.46;1.06] 9.0% Pandey A 2017 291 353 267 351 —E=— 148 [102,213] 94%
R. Perez-Morales 2013 20 104 65 221 ——=— 057 [0.32,1.01] 7.0% R PerezMorales 2013 104 190 221 382 —E— 088 (062,125 9.7%
Qiuiing S 2003 57 142 39 137 —=—— 169 [102,278] 7.9% Qiuling $ 2003 142 182 137 185 —— 124 [077,201]  76%
Sobti RC 2006 3% 122 43 112 ——%— 065 [0.37,1.12]  7.3% Sobti RC 2006 122 151 112 151 ——=—— 146 (085253 67%
Wang W 2007 284 922 227 872 = 126 [1.03;155) 12.1% Wang W 2007 922 1290 872 1241 - 1.06 [0.89;1.26] 12.7%
Wang T 2023 126 363 72 178 —s 0.78 [0.54;1.13] 9.7% Wang T 2023 363 490 178 211 —=— | 053 [0.35,081]  85%
Random effects model 4356 4871 = 1.00 [0.81; 1.24] 100.0% Random effects model 5913 6663 2 1.04 [0.85; 1.26] 100.0%
Heterogeneity: /2 = 70%, <* = 0.0895, p < 0.01 Heterogeneity: 1% = 68%, 12 = 0.0712, p < 0.01
05 1 2 05 1 2
Experimental Control Experimental Control
(e) Study Events Total Events Total 0dds Ratio OR  95%-Cl Weight (f) Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight
Cakina S 2013 37 75 31 58 b 085 [0.43;168] 3.7% Cakina S 2013 25 75 15 58 — 143 [0.67;306)] 5.0%
Catarino R 2013 175 342 512 892 o] 0.78 [061,1.00] 10.7% Catarino R 2013 77 342 216 892 —=— 091 [0.68;1.22] 10.5%
Gautschi O 2006 133 244 90 187 ——=—— 129 (0.88,189) 7.8% Gautschi 0 2006 45 244 42 187 —&— 078 [0.49,1.25]  8.1%
Hsia TC 2011 183 358 422 716 —a— 0.73 [0.56;0.94] 106% Hsia TC 2011 129 358 175 716 174 [132,229] 10.8%
Hung RJ 2006 1081 2238 1081 2289 - 104 [0.93;1.17] 13.8% Hung RJ 2006 527 2238 500 2289 = 1.10 [0.96;1.27] 12.3%
Pandey A 2017 241 353 206 351 —=— 151 [1.11,206] 9.3% FR’agdeyAM201l7 013 gg ?gg g; gg; —& ggs {g gf (1] ;g} ?gz»
R PerezMorales 2013 84 190 156 382 —E— 115 [0.81;163] 8.4% erezMorales — d o
Qiuling S 2003 85 182 98 185 ~ ——=—— 078 [052,117) 7 2% g'lg‘"%g gggg g; 1? 3? :g? —— 8 ;; {; gg‘ ? ;:} ?;Z
Sobti RC 2006 87 151 69 151 ——*—— 162 [103,255] 6.4% obti — - ] o
Wang W 2007 638 1290 645 1241 = 090 [077:106] 130% Wang W 2007 284 1290 227 1241 = 126 [1.04;153] 11.8%
Wang T 2023 237 490 106 211 —— 093 [067:128] 9.0% WangT:2023 120- 490  v2'2l  —E— 067/ 047,095 9.1%
Rindom etiects firsdal 5013 6663 1,00 [0.86; 147] 100.0% Random effects model 5913 6663 = 1.01 [0.81; 1.25] 100.0%
Heterogenety: /2= 63%, 2 = 0.0402, p < 0.01 — Heterogenety: I° = 74%, ©* = 0.0953, p < 0.01
' 05 1 2 05 ! 2
Experimental Control
(g) Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight
Cakina $ 2013 87 150 61 116 —s———— 125 (076;203]  45%
Catarino R 2013 329 684 944 1784 —— 082 [0.69,098] 10.4%
Gautschi 0 2006 223 488 174 374 —_— 097 [0.74;127] 82%
Hsia TC 2011 441 716 772 1432 — 1.37 [1.14,165] 10.3%
Hung RJ 2006 2135 4476 2081 4578 - 109 [101,119] 124%
Pandey A 2017 341 706 328 702 —f— 107 [086;131] 9.7%
R PerezMorales 2013 124 380 286 764 ~ —=—f 081 [062,1.05]  85%
Qiuling S 2003 199 364 176 370 F—=—— 133 (099,178] 78%
Sobti RC 2006 157 302 103 [075,1.41)  72%
Wang W 2007 1206 2580 110 [099;1.23] 11.9%
Wang T 2023 489 980 069 [0.54,086] 9.1%
Random effects model 11826 1.02 [0.90; 1.16] 100.0%
Heterogeneity: /2 = 73%, 2 = 0.0325, p < 0.01
05 1 2

Fig. 8 Meta-analyses of correlation between CCNDT rs9344 and lung cancer risk under the random effects model. a Codominant1 (GA VS GG);
b Codominant2 (AA VS GG); ¢ Codominant3 (AAVS GA); d Dominant (AA+GA VS GG); e Overdominant (GA VS AA+GG); f Recessive (AA VS
GA+GG); g Allelic (AVS G). The boxes and horizontal lines indicate the risk ratio (RR) and 95% confidence interval (Cl), respectively
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( a) Experimental Control
Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight
Cakina S 2013 37 50 31 43 ———F 1.10 [0.44;276]  0.9%
Catarino R 2013 175 265 512 676 ~ —=— 062 [0.46;0.85] 9.7%
Gautschi O 2006 133 199 90 145 —— 123 (079,193  3.4%
Hsia TC 2011 183 229 422 541 S 112 [077,164]  5.0%
Hung RJ 2006 1081 1690 1081 1708 45 1.03 [0.90;1.18] 38.3%
Pandey A 2017 241 303 206 290 ———— 159 [1.09,231] 43%
R. Perez-Morales 2013 84 170 156 317 — 101 [0.69,1.46]  5.4%
Qiuling S 2003 85 125 98 146 e 104 [062,173] 29%
Sobti RC 2006 87 116 69 108 ————— 170 [0.95,301] 18%
Wang W 2007 638 1006 645 1014 — 099 [0.83;1.19] 232%
Wang T 2023 237 364 106 139 —— 058 [0.37,0.91] 5.3%
Common effect model 4517 5127 1.00 [0.92; 1.10] 100.0%
Heterogeneity: /2 = 60%, =% = 0.0578, p < 0.01
05 1 2
( c) Experimental Control
Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight
Cakina S 2013 25 62 15 46 140 [063;3.10] 1.1%
Catarino R 2013 77 252 216 728 104 [076,1.42] 86%
Gautschi O 2006 45 178 42 132 073 [0.44;1.19]  40%
Hsia TC 2011 129 312 175 597 170 [128,226] 7.8%
Hung RJ 2006 527 1608 500 1581 105 [091,1.22] 37.7%
Pandey A 2017 50 291 61 267 070 [0.46;1.06] 59%
R.PerezMorales 2013 20 104 65 221 057 [0.32,101] 37%
Qiuling S 2003 57 142 39 137 169 [102,278] 26%
Sobti RC 2006 35 122 43 112 065 [0.37,1.12]  36%
Wang W 2007 284 922 227 872 i 1.26 [1.03;1.55] 18.0%
Wang T 2023 126 363 72 178 078 [0.54;1.13] 7.0%
Common effect model 4356 4871 1.08 [0.98; 1.18] 100.0%
Heterogeneity: 12 = 70%, 1> = 0.0895, p < 0.01
05 § 2
Experimental Control
(e) Study Events Total Events Total 0dds Ratio OR  95%-Cl Weight
Cakina S 2013 37 75 31 58 ————f—r 0.85 [0.43;168] 12%
Catarino R 2013 175 342 512 892 —a—] 078 [0.61,1.00] 92%
Gautschi O 2006 133 244 90 187 ———— 129 [0.85;1.89] 3.1%
Hsia TC 2011 183 358 422 716 — 073 [0.56;094] 9.1%
Hung RJ 2006 1081 2238 1081 2289 = 104 [0.931.17] 36.7%
Pandey A 2017 241 353 206 351 ———— 151 [1.11,206] 4.4%
R PerezMorales 2013 84 190 156 382 —_ 115 [0.81,163] 3.8%
Qiuling S 2003 85 182 98 185  ————i— 078 [052,1.17] 3.4%
Sobti RC 2006 87 151 69 151 —————— 162 [1.03;255) 19%
Wang W 2007 638 1290 645 1241 —&f 090 [0.77;1.06] 221%
Wang T 2023 237 490 106 211 —=— 093 [067,1.28] 5.1%
Common effect model 5913 6663 SF 0.99 [0.92; 1.06] 100.0%
Heterogeneity: 1 = 63%, 1> = 0.0402, p < 0.01
05 1 2
Experimental Control
( g) Study Events Total Events Total Odds Ratio OR  95%-Cl Weight
Cakina § 2013 87 150 61 116 1.25 [0.76,2.03]  1.0%
Catarino R 2013 320 684 944 1784 —— 0.82 [069;098] 9.3%
Gautschi O 2006 223 488 174 374 097 [074;127] 37%
Hsia TC 2011 441 716 772 1432 —— 137 [1.14,165] 68%
Hung RJ 2006 2135 4476 2081 4578 [ 1.09 [1.01;1.19] 37.0%
Pandey A 2017 341 706 328 702 —— 1.07 [0.86;1.31]  5.9%
R.PerezMorales 2013 124 380 286 764 0.81 [062,1.05] 4.4%
Qiuling S 2003 199 364 176 370 133 [0.99,1.78]  27%
Sobti RC 2006 157 302 155 302 1.03 [0.75,1.41]  26%

Wang W 2007 1206 2580 1099 2482 T 110 [0.99;1.23] 205%
Wang T 2023 489 980 250 422 ——— 0.69 [0.54,0.86] 6.0%
Common effect model 11826 13326 1.05 [1.00; 1.11] 100.0%
Heterogeneity: /2 = 73%, 12 = 0.0325, p < 0.01

0.5 1 2
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(b) Experimental Control
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Cakina S 2013 25 38 15 27 — T 1.54 [0.56;4.24] 09%
Catarino R 2013 77 167 216 380 —— 065 [0.45;0.94] 10.3%
Gautschi O 2006 45 111 42 97 e 089 [0.51;1.55] 3.9%
Hsia TC 2011 129 175 175 294 —— 191 [1.27,2.87]) 5.0%
Hung RJ 2006 527 1136 500 1127 - 1.09 [0.92;1.28] 39.0%
Pandey A 2017 50 112 61 145 —— 111 [0.68;1.83] 4.3%
R. Perez-Morales 2013 20 106 65 226 N 0.58 [0.33;1.01] 4.9%
Qiuling S 2003 57 97 39 87 175 [0.98;3.15] 25%
Sobti RC 2006 35 64 43 82 1.09 [057;2.11] 25%
Wang W 2007 284 652 227 59 125 [1.00;1.57) 19.4%
Wang T 2023 126 253 72 105 ——— 045 [028,0.73] 7.4%
Common effect model 2911 3166 1.06 [0.95; 1.17] 100.0%
Heterogeneity: 1% = 73%, 12 = 0.1455, p < 0.01
0.5 o) 2
d Experimental Control
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Cakina S 2013 62 75 46 58 124 [052;298] 08%
Catarino R 2013 252 342 728 892 —— 0.63 [0.47,0.85] 9.4%
Gautschi O 2006 178 244 132 187 112 [0.74,1.72] 36%
Hsia TC 2011 312 358 597 716 135 [0.94,195 45%
Hung RJ 2006 1608 2238 1581 2289 [ 1.14 [1.01;1.30] 39.0%
Pandey A 2017 291 353 267 351 148 [1.02,213] 42%
R. Perez-Morales 2013 104 190 221 382 088 [062;125] 59%
Qiuling S 2003 142 182 137 185 124 077,201 26%
Sobti RC 2006 122 151 112 151 146 [0.85,253] 19%
Wang W 2007 922 1290 872 1241 R 1.06 [0.89;1.26] 224%
Wang T 2023 363 490 178 (21 ——= 0.53 [0.35,0.81] 57%
Common effect model 5913 6663 1.06 [0.98; 1.15] 100.0%
Heterogeneity: /2 = 68%, t* = 0.0712, p < 0.01
0.5 1 2
Experimental Control
(f) Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Cakina S 2013 62 75 46 58 124 [052;298] 08%
Catarino R 2013 252 342 728 892 — 063 [0.47,0.85] 9.4%
Gautschi O 2006 178 244 132 187 112 [0.74,172] 36%
Hsia TC 2011 312 358 597 716 1.35 [0.94,195] 45%
Hung RJ 2006 1608 2238 1581 2289 [ 114 [1.01;1.30] 39.0%
Pandey A 2017 291 353 267 351 148 [1.02,2.13] 42%
R. Perez-Morales 2013 104 190 221 382 088 [0.62;1.25] 59%
Qiuling S 2003 142 182 137 185 124 [077:201] 26%
Sobti RC 2006 122 151 112 151 146 [0.85;253] 1.9%
Wang W 2007 922 1290 872 1241 T 1.06 [0.89;1.26] 22.4%
Wang T 2023 363 490 18 21— 053 [0.35081] 57%
Common effect model 5913 6663 1.06 [0.98; 1.15] 100.0%
Heterogeneity: 1% = 68%, 1= 0.0712, p < 0.01
05 1 2

Fig. 9 Meta-analyses of correlation between CCNDT rs9344 and lung cancer risk under the fixed effects model. a Codominant1 (GA VS GG);
b Codominant2 (AA VS GG); ¢ Codominant3 (AA VS GA); d Dominant (AA+GA VS GG); e Overdominant (GA VS AA +GG); f Recessive (AAVS
GA+GG); g Allelic (AVS G). The boxes and horizontal lines indicate the risk ratio (RR) and 95% confidence interval (Cl), respectively

OR=1.755, 95%CI=1.057-2.912, P=0.030). In the con-
text of platinum-based chemotherapy, CCNDI rs9344
showed significant correlations with therapy response
in patients receiving the PP regimen (additive model:
adjusted OR=1.926, 95%CI=1.029-3.605, P=0.040;
recessive model: adjusted OR=11.340, 95%CI=1.428—
90.100, P=0.022). This significant association was
also observed among ADC patients (recessive model:
adjusted OR=3.345, 95%CIl=1.276-8.765, P=0.014).
Furthermore, an increased risk of overall toxicity
was found in both NSCLC (additive model: adjusted
OR=1.395, 95%CI=1.025-1.897, P=0.034; reces-
sive model: adjusted OR=1.852, 95%CI=1.088-3.152,
P=0.023) and ADC patients (additive model: adjusted

OR=1.547, 95%CI=1.015-2.359, P=0.043; reces-
sive model: adjusted OR=2.030, 95%CI=1.017-4.052,
P=0.045). Notably, in non-smokers, CCNDI rs9344 was
significantly associated with a higher risk of gastrointes-
tinal toxicity (adjusted OR =2.620, 95%CI=1.083-6.336,
P=0.035).

In addition to the case-control study, a comprehen-
sive meta-analysis for previous research on CCNDI
rs9344 and lung cancer susceptibility was conducted.
In line with our findings, no significant correlation
was observed on a overall scale. This may arise from
various factors such as variations in sample selec-
tion and distribution, disparities in research quality,
substantial heterogeneity in environmental factors,
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Fig. 11 Funnel plot of CCNDT rs9344 and lung cancer risk under the fixed effects model. a Codominant1 (GA VS GG); b Codominant2 (AA VS GG);
(c) Codominant3 (AA VS GA); d Dominant (AA+GA VS GG); e Overdominant (GA VS AA+GG); f Recessive (AAVS GA+GG); g Allelic (AVS G)

or gene-environment interactions. The results of our
study and meta-analysis consistently suggest that the
predictive role of CCNDI rs9344 in therapeutic effi-
cacy and prognosis of lung cancer patients may not be
effective for all individuals, but rather requires more
precise subgroup analysis. Besides, the lack of statisti-
cal significance at the overall level may also be caused

by various factors in different studies, including differ-
ences in sample selection and distribution, variations
in study quality, substantial heterogeneity of environ-
mental factors, or gene-environment interactions.
The predictive value of CCNDI rs9344 remains to be
further validated in large samples through stratified
analysis.
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(a) Study 0Odds Ratio OR 95%-Cl P-value Tau2 Tau 2
Omitting Cakina S 2013 1.02 [0.84;1.23] 0.87 0.0620 0.2490 64%
Omitting Catarino R 2013 1.07 [0.93;1.23] 0.36 0.0183 0.1352 40%
Omitting Gautschi O 2006 ————— 100 [0.82;123] 0.98 0.0643 0.2535 63%
Omitting Hsia TC 2011 —— 1.01 [0.82,1.24] 0.92 0.0686 0.2620 64%
Omitting Hung RJ 2006 = 102 [0.82;127] 0.86 0.0754 0.2745 64%
Omitting Pandey A 2017 —_—lr 0.97 [0.82;1.15) 0.72 0.0386 0.1966 53%
Omitting R. Perez-Morales 2013 = 1.02 [0.83;1.26] 0.84 0.0706 0.2657 64%
Omitting Qiuling S 2003 T 1.02 [0.83;1.25] 0.86 0.0675 0.2597 64%
Omitting Sobti RC 2006 0.98 [0.82;1.18] 0.86 0.0503 0.2242 59%
Omitting Wang W 2007 1.03 [0.83;1.27] 0.82 0.0747 0.2733 64%
Omitting Wang T 2023 1.06 [0.89;1.26] 0.48 0.0404 0.2011 53%
Random effects model 1.02 [0.85; 1.23] 0.85 0.0578 0.2404 60%
08 1 125
(c) Study 0Odds Ratio OR 95%-Cl P-value Tau2 Tau 12
Omitting Cakina S 2013 —’-:— 0.98 [0.78;1.23] 0.89 0.0956 0.3093 73%
Omitting Catarino R 2013 —— 099 [0.78;1.27] 0.96 0.1080 0.3287 73%
Omitting Gautschi O 2006 :r_— 103 [0.82;1.29]  0.80 0.0915 0.3025 71%
Omitting Hsia TC 2011 0.95 [0.78;1.15] 0.59 0.0552 0.2349 60%
Omitting Hung RJ 2006 —_— 099 [0.77;127] 0.94 0.1108 0.3329 73%
Omitting Pandey A 2017 —%F— 1.04 [0.83;1.30] 0.74 0.0862 0.2935 69%
Omitting R. Perez-Morales 2013 — % 1.05 [0.85;1.29] 0.66 0.0761 0.2759 68%
‘Omitting Qiuling S 2003 — 0.96 [0.77;1.20] 0.72 0.0822 0.2866 70%
‘Omitting Sobti RC 2006 —f%=— 1.04 [0.83;1.29] 0.74 0.0845 0.2907 70%
Omitting Wang W 2007 e 097 [0.76;1.23]  0.80 0.0994 0.3152 70%
Omitting Wang T 2023 ——fF— 1.03 [0.81;1.30] 0.82 0.0956 0.3092 70%

Random effects model

’52\

1.00 [0.81; 1.24]

0.98 0.0895 0.2992 70%

08 1 125
(e) Study Odds Ratio OR 95%-Cl P-value Tau2 Tau 2
Omitting Cakina S 2013 ———=———— 099 [0.79;,1.24] 0.92 0.1006 0.3172 76%
Omitting Catarino R 2013 1.02 [0.80; 1.30] 0.89 0.1108 0.3329 75%
Omitting Gautschi O 2006 1.03 [0.82;1.30] 0.80 0.1019 0.3193 75%
Omitting Hsia TC 2011 095 [0.78;1.16] 0.60 0.0602 0.2453 65%
Omitting Hung RJ 2006 — % ——— 099 [0.77;1.27] 0.96 0.1142 0.3379 76%
Omitting Pandey A 2017 — = 1.03 [0.82;1.30] 0.79 0.1020 0.3194 75%
Omitting R. Perez-Morales 2013 = 1.05 [0.85;1.31] 0.62 0.0822 0.2868 72%
Omitting Qiuling S 2003 D — 0.96 [0.78;1.20] 0.75 0.0860 0.2932 74%
Omitting Sobti RC 2006 — = 1.03 [0.82,1.30] 0.80 0.1006 0.3171 75%
Omitting Wang W 2007 ——————%————— 098 [0.77:124]  0.85 0.1054 0.3246 75%
Omitting Wang T 2023 — = 1.06 [0.85;1.32] 0.63 0.0845 0.2907 70%
Random effects model E’-i“ 1.01 [0.81; 1.25] 0.94 0.0953 0.3088 74%
08 1 125
(g) Study 0Odds Ratio OR  95%-Cl P-value Tau2 Tau I2
Omitting Cakina S 2013 ————— 101 (0.88;1.15] 0.88 0.0341 0.1845 76%
Omitting Catarino R 2013 1.05 [0.92;1.19] 0.50 0.0308 0.1754 69%
Omitting Gautschi O 2006 7 1.03 [0.89; 1.18] 0.73 0.0369 0.1922 76%
Omitting Hsia TC 2011 T 0.99 [0.87;1.11] 0.82 0.0242 0.1556 69%
Omitting Hung RJ 2006 —— 1.01 [087,1.17] 0.89 0.0381 0.1953 75%
Onmitting Pandey A 2017 - 102 [0.88:1.17]  0.83 0.0377 0.1942 76%
Omitting R. Perez-Morales 2013 + 1.04 [0.91;1.19] 0.54 0.0318 0.1783 73%
Omitting Qiuling S 2003 — 1.00 [0.88; 1.14] 0.98 0.0311 0.1764 74%
Omitting Sobti RC 2006 ———{=———— 102 [089,1.17) 078 0.0366 0.1914 76%
Omitting Wang W 2007 ——— 1.01 [087,1.17] 0.89 0.0377 0.1942 75%
Omitting Wang T 2023 1.06 [0.95; 1.19] 0.28 0.0185 0.1362 62%
Random effects model 1.02 [0.90; 1.16] 0.76 0.0325 0.1803 73%

09 1 ot
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(b)

Study Odds Ratio OR 95%-Cl P-value Tau2 Tau 2
Omitting Cakina S 2013 0.99 [0.75;1.31] 0.94 0.1524 0.3903 75%
Omitting Catarino R 2013 4*‘-“* 1.06 [0.80;1.41] 0.67 0.1391 0.3730 70%
Omitting Gautschi O 2006 ——F— 1.02 [0.76;1.37] 0.89 0.1657 0.4070 76%
Omitting Hsia TC 2011 —‘—‘— 0.94 [0.73;1.22] 0.64 0.1086 0.3296 69%
Omitting Hung RJ 2006 ——————— 1.00 [0.74;1.36] 1.00 0.1746 0.4179 76%
Omitting Pandey A 2017 ——=—— 1.00 [0.74;1.35] 1.00 0.1675 0.4092 76%

0.67 0.1361 0.3689 72%
0.79 0.1380 0.3715 74%
0.98 0.1641 0.4050 76%

Omitting R. Perez-Morales 2013

a 1.06 [0.81; 1.40]
Onmitting Qiuling S 2003 ‘ 096 [0.73;1.27)

Omitting Sobti RC 2006 —— 1.00 [0.75;1.35]

Onmitiing Wang W 2007 ————=————— 098 (073133 090 0.1648 0.4060 74%
Onmitiing Wang T 2023 109 [086;139]  0.46 0.0898 0.2997 64%
Random effects model 1.01 [0.77;1.32] 0.94 0.1455 0.3814 73%
08 1 125
(d) Study Odds Ratio OR  95%Cl Pvalue Tau2 Tau [2
Omitting Cakina S 2013 - 1.03 [0.84;1.26] 0.79 0.0757 0.2751 71%
Onmitiing Catarino R 2013 : 110 [0.93;1.30)  0.28 0.0380 0.1950 52%
Onmitiing Gautschi O 2006 : 103 [0.83;128]  0.80 00823 0.2868 71%
Onmitiing Hsia TC 2011 ————=———— 101 [082,124] 094 0.0741 0.2721 70%
Omitting Hung RJ 2006 ————f=———— 102 (082;128]  0.85 0.0858 0.2930 69%
Onitling Pandey A 2017 ———=———— 100 082122 098 0.0664 02578 68%

0.63 0.0813 0.2852 70%
0.85 0.0787 0.2806 71%

Omitting R. Perez-Morales 2013
Onmiting Qiuling S 2003

1.05 [0.85; 1.31]
1.02 [0.83; 1.26]

Omitting Sobti RC 2006 — = 101 [0.82;1.24] 0.92 0.0723 0.2690 70%
Omitting Wang W 2007 1.03 [0.83;1.30] 0.77 0.0879 0.2964 71%
Omitting Wang T 2023 1.09 [0.92;1.30] 0.30 0.0407 0.2016 57%
Random effects model ————Tm———————  1.04 [0.85; 1.26] 0.73 0.0712 0.2669 68%
1
08 1 125
(f) Study 0dds Ratio OR  95%-Cl P-value Tau2 Tau [2
Omitting Cakina S 2013 —————F——— 101 [0.86;1.18] 0.90 0.0434 0.2083 67%
Omitting Catarino R 2013 1.03 [0.88; 1.21] 0.69 0.0388 0.1969 62%
Omitting Gautschi O 2006 0.98 [0.84; 1.15] 0.82 0.0403 0.2007 64%
Omitting Hsia TC 2011 1.04 [0.89; 1.21] 0.62 0.0321 0.1792 58%
Omitting Hung RJ 2006 ———=——— 1.00 [0.84;1.19] 0.99 0.0513 0.2264 65%
Omitting Pandey A 2017 096 [0.84:1.09]  0.49 0.0213 0.1458 53%
Omitting R. Perez-Morales 2013 ———————+————  0.99 [0.84;1.17] 0.92 0.0453 0.2128 66%
Omitting Qiuling S 2003 102 [087:120]  0.78 0.0425 0.2062 65%
Omitting Sobti RC 2006 0.97 [0.84;1.12) 0.67 0.0313 0.1770 60%
Omitting Wang W 2007 102 [0.86:1.21]  0.83 0.0490 0.2215 65%
Omitting Wang T 2023 —— 1.01 [0.85;1.20] 0.89 0.0479 0.2189 67%

Random effects model 1.00 [0.86; 1.17] 0.98 0.0402 0.2005 63%

09 1 % |

Fig. 12 Funnel plot of sensitivity analyses of meta-analysis. The sensitivity analyses were performed by omitting one included study at a time. The
boxes and horizontal lines indicate the risk ratio (RR) and 95% confidence interval (Cl), respectively

Conclusion

To summarize, this study demonstrated that CCNDI
rs9344 may be considered a candidate biomarker for
cancer susceptibility and therapeutic outcome in certain
patient subgroups in Chinese population. Further strati-
fied studies with larger sample sizes are needed to con-
firm the results.
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