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BACKGROUND: The TIMELESS–TIPIN complex protects the replication fork from replication stress induced by chemotherapeutic
drugs. We hypothesised genetic polymorphisms of the TIMELESS–TIPIN complex may affect the response, progression-free survival
(PFS), and overall survival (OS) of cytotoxic drugs in patients with metastatic colorectal cancer (mCRC).
METHODS: We analysed data from the MAVERICC trial, which compared FOLFOX/bevacizumab and FOLFIRI/bevacizumab in
untreated patients with mCRC. Genomic DNA extracted from blood samples was genotyped using an OncoArray. Eight functional
single nucleotide polymorphisms (SNPs) in TIMELESS and TIPIN were tested for associations with clinical outcomes.
RESULTS: In total, 324 patients were included (FOLFOX/bevacizumab arm, n= 161; FOLFIRI/bevacizumab arm, n= 163). In the
FOLFOX/bevacizumab arm, no SNPs displayed confirmed associations with survival outcomes. In the FOLFIRI/bevacizumab arm,
TIMELESS rs2291739 was significantly associated with OS in multivariate analysis (G/G vs. any A allele, hazard ratio= 3.06, 95%
confidence interval= 1.49–6.25, p= 0.004). TIMELESS rs2291739 displayed significant interactions with treatment regarding both
PFS and OS.
CONCLUSIONS: TIMELESS rs2291739 might have different effects on therapeutic efficacy between oxaliplatin- and irinotecan-based
chemotherapies. Upon further validation, our findings may be useful for personalised approaches in the first-line treatment
of mCRC.
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INTRODUCTION
Replication stress is a hallmark of cancer development [1, 2].
Endogenous and exogenous sources of replication stress promote
genomic instability by leading to DNA replication fork collapse and
subsequent DNA double-strand breaks (DSBs) [3]. Whereas cells that
can activate an adequate DNA damage response (DDR) to DNA
damage undergo apoptosis, cells with a faulty DDR system escape
from apoptosis and develop mutations and chromosome aberrations
that result in tumorigenesis [4, 5]. In this context, cancer cells harbour
distinct molecular backgrounds adaptive to oncogene-induced
replication stress, thereby shaping an environment that favours
survival and encourages tumour growth [6, 7]. Recently, DDR
pathway alteration has been targeted in the treatment of cancer
using the concept of synthetic lethality [8]. One great success of this
strategy is PARP inhibition in ovarian, breast, prostate, and pancreatic
cancers with homologous recombination deficiency [9].

TIMELESS and TIMELESS-interacting protein (TIPIN), which form
a complex, are components of the replication fork machinery [10].
The TIMELESS–TIPIN complex contributes to full activation of the
ATR–Chk1 checkpoint signalling pathway, which plays a central
role in preventing fork collapse [11]. In addition to their role in the
ATR–Chk1 pathway, TIMELESS and TIPIN also interact with
numerous components of the replication machinery, such as the
replicative helicase components MCM2-7 and CDC45 and
replicative polymerases Polε and Polδ, thereby stabilising the
replication fork structure [12]. When DNA lesions transiently stall
the leading-strand polymerase without impeding the movement
of the rest of the replisome, uncoupling between DNA polymerase
and helicase activities can be induced [13]. The TIMELESS–TIPIN
complex can sense functional uncoupling of the replisome to
transduce a signal to remodel and restart the fork [14]. Otherwise,
in the absence of the TIMELESS–TIPIN complex, the fork collapses,
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and in turn, harmful DSBs are generated [14]. Thus, TIMELESS and
TIPIN are necessary for cell survival under replication stress
because of their roles in protecting the replication fork in both
ATR-dependent and ATR-independent manners. Tumours, such as
colorectal cancer (CRC), overexpress these molecules, and this
overexpression may serve as a supportive mechanism against
replication stress in cancer cells [15–17].
In the standard first-line treatment of metastatic CRC (mCRC),

oxaliplatin or irinotecan is used as the cytotoxic agent in
combination with 5-fluorouracil. The choice of these agents
remains an important clinical question for optimising treatment in
individual patients. Oxaliplatin and irinotecan form different
structures on the DNA strands which prevent DNA replication in
different manners [18, 19]. Thus, although fork protection is a
global response to genotoxic treatments, it might be possible that
oxaliplatin and irinotecan induce distinct responses that protect
the replication fork in tumours [20]. We hypothesised that
common and functional single nucleotide polymorphisms (SNPs)
within TIMELESS and TIPIN are associated with the different
therapeutic effects of oxaliplatin- and irinotecan-based che-
motherapies in mCRC. We tested our hypothesis using genetic
and clinical data from the MAVERICC trial, a randomised phase II
clinical trial of patients with mCRC in the first-line setting [21].

PATIENTS AND METHODS
Patient population and study design
The subjects of this study were patients with mCRC enrolled in the
MAVERICC trial (NCT01374425). Patients were randomised to treatment
with either FOLFOX (oxaliplatin cohort) or FOLOFIRI (irinotecan cohort),
both in combination with bevacizumab. Patients without sufficient
peripheral whole blood samples, SNP data, and/or any other relevant
data were excluded from this study. All patients provided informed
consent for molecular research before study enrollment. The study
protocol was approved by the institutional review board of each
participating institution and was conducted in accordance with the tenets
of the Declaration of Helsinki as well as the Good Clinical Practice and
REMARK guidelines.

Genotyping and selecting polymorphisms
Genomic DNA was extracted from peripheral whole blood collected before
treatment initiation using a QIAmp Kit (Qiagen, Inc., Valencia, CA, USA) in
accordance with the manufacturer’s protocol. The OncoArray of 530 K SNPs
was used for genotyping (Illumina, Inc., San Diego, CA, USA). The candidate
SNPs within TIMELESS and TIPIN were selected from dbSNP variants (http://
www.ncbi.nlm.nih.gov) if the SNPs met both following criteria: (1) minor
allele frequency in Caucasians (defined as ‘European’ in 1000 Genomes
Project Phase 3 and/or ‘Non-Finnish European’ in gnomAD genomes r3.0)
of at least 10% in the Ensemble Genome Browser (https://www.ensembl.
org) and (2) missense, 3′-untranslated region (UTR), or intron/5′-UTR
variants having potential biological functions based on public databases
(https://snpinfo.niehs.nih.gov). SNPs exhibiting linkage disequilibrium with
R2 > 0.8 (https://ldlink.nci.nih.gov, among the population of ‘European’)
were excluded. In total, eight SNPs (rs2291739, rs3759786, rs8035497,
rs11071888, rs28593577, rs11637949, rs6494568, and rs12323975) met the
criteria for inclusion in this study (Table S1).

Statistical analysis
The selected SNPs were evaluated for their associations with tumour
response, progression-free survival (PFS), and overall survival (OS) based on
the dominant and recessive genetic models. The overall response rate
(ORR) was calculated as the percentage of patients with a complete or
partial response using Response Evaluation Criteria in Solid Tumors version
1.1. PFS was defined as the time from randomisation to disease
progression or death from any cause. OS was defined as the time from
randomisation to death from any cause. Patients who did not experience
any events were censored at the last follow-up date. The correlations of
SNPs with ORR were examined using the likelihood ratio test. To test the
associations of SNPs with PFS or OS, the Cox proportional hazards
regression model and the log-rank test were performed. Multivariate

analyses based on the Wald test were performed for tumour response, PFS,
and OS. In the multivariate analyses, adjustment was performed for the
following covariates: ethnicity, sex, age, Eastern Cooperative Oncology
Group performance status, primary tumour site, primary tumour resected,
number of metastases, and KRAS status. To formally assess the predictive
value of SNPs, the treatment-by-SNP interaction was tested based on the
multivariate analysis. All analyses were two-sided at a significance level of
0.05 and were performed using SAS ver. 9.4 software (SAS Institute, Cary,
NC, USA).

RESULTS
Patient characteristics
In total, 324 patients were included in this study, including 161
patients in the oxaliplatin cohort and 163 patients in the
irinotecan cohort (Fig. S1). Patient characteristics were balanced
between the cohorts, excluding the higher proportion of patients
aged ≤65 in the oxaliplatin cohort (Table 1).

Associations of SNPs in TIMELESS and TIPIN with clinical
outcomes in the oxaliplatin cohort
In the oxaliplatin cohort, univariate analysis did not show
significant associations between the tested SNPs and tumour
response, whereas TIPIN rs11637949 was significantly associated
with tumour response in multivariate analysis (Table 2, Tables S2,
S3). Conversely, two SNPs exhibited significant associations with
survival outcomes in univariate analysis (Tables 3, 4, Tables S2, S3).
Specifically, the G/G genotype of TIMELESS rs2291739 was
associated with better PFS than any A allele (median PFS,
13.9 months vs. 9.5 months, hazard ratio [HR]= 0.51, 95%
confidence interval [CI]= 0.32–0.83, p= 0.006), and the A/A
genotype of TIPIN rs8035497 was linked to worse OS than any G
allele (median OS, 19.2 months vs. 25.5 months, HR= 1.96, 95% CI
= 1.02–3.75, p= 0.04). However, these associated were not
confirmed in multivariate analysis (Tables 3, 4, Table S3).

Associations of SNPs in TIMELESS and TIPIN with clinical
outcomes in the irinotecan cohort
In the irinotecan cohort, univariate and multivariate analyses did
not show significant associations between the tested SNPs and
tumour response or PFS (Tables 2, 3, Table S4, S5). Conversely, two
SNPs exhibited significant associations with OS in univariate
analysis univariate (Table 4, Table S4, S5). Specifically, any G allele
of TIPIN rs11637949 was linked to worse OS than the A/A
genotype using the dominant genetic model (median OS,
23.8 months vs. 32.3 months, HR= 1.95, 95% CI= 1.17–3.24,
p= 0.009), and the G/G genotype of TIMELESS rs2291739 was
linked to worse OS than any A allele using the recessive genetic
model (median OS, 21.3 months vs. 31.3 months, HR= 2.01, 95%
CI= 1.19–3.41, p= 0.008, Fig. 1). Multivariate analysis confirmed
the significant association between TIMELESS rs2291739 and OS
(G/G vs. any A allele, HR= 3.06, 95% CI= 1.49–6.25, p= 0.004,
Table 4, Table S5).

Comparing treatment efficacy between FOLFOX/bevacizumab
and FOLFIRI/bevacizumab by TIMELESS rs2291739 genotype
In the patients having any A allele of TIMELESS rs2291739, FOLFIRI/
bevacizumab showed significantly better OS (median OS,
31.3 months vs. 22.8 months, HR= 0.56, 95% CI= 0.38–0.83,
p= 0.004) and PFS (median PFS, 14.0 months vs. 9.5 months, HR
= 0.57, 95% CI= 0.42–0.78, p= <0.001) than FOLFOX/bevacizu-
mab (Fig. S2A, B). In contrast, in the patients harbouring G/G
genotype of TIMELESS rs2291739, FOLFIRI/bevacizumab showed
worse OS (median OS, 21.3 months vs. 28.8 months, HR= 1.80,
95% CI= 0.90–3.59, p= 0.09) and PFS (median PFS, 9.5 months vs.
13.9 months, HR= 1.62, 95% CI= 0.92–2.85, p= 0.10) than
FOLFOX/bevacizumab (Fig. S2C, D).
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Table 2. Univariate and multivariate analyses for the association between SNPs and tumour response.

SNP/genetic model Oxaliplatin cohort Irinotecan cohort

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Pa Pb Pa Pb

TIMELESS rs2291739

Dominant 0.64 0.85 0.90 0.89

Recessive 0.39 0.84 0.79 0.29

TIPIN rs3759786

Dominant 0.97 0.90 0.80 0.28

Recessive NA NA NA NA

TIPIN rs8035497

Dominant 0.63 0.63 0.87 0.61

Recessive 0.52 0.55 0.43 0.21

TIPIN rs11071888

Dominant 0.47 0.77 0.22 0.56

Recessive 0.63 0.92 0.56 0.96

TIPIN rs28593577

Dominant 0.71 0.91 0.96 0.83

Recessive 1.00 0.65 0.70 0.30

TIPIN rs11637949

Dominant 0.61 0.23 0.73 0.68

Recessive 0.06 0.04 0.83 0.56

TIPIN rs6494568

Dominant 0.72 0.25 0.74 0.50

Recessive NA NA NA NA

TIPIN rs12323975

Dominant 0.79 0.79 0.56 0.58

Recessive NA NA NA NA

Significant values are indicated in bold characters. TIPIN rs3759786, TIPIN rs6494568, and TIPIN rs12323975 were not assessed with recessive genetic model
because there were no patients having homozygous genotype of the recessive allele in these SNPs.
NA not assessed, SNP single nucleotide polymorphism.
aP-values were based on likelihood ratio test.
bP-values were based on Wald test in the multivariate model.

Table 1. Patient characteristics.

Characteristics Total N= 324 MAVERICC P-value

FOLFOX+ BEV (Oxaliplatin cohort) N= 161 FOLFIRI+ BEV (Irinotecan cohort) N= 163

Sex 0.93

Male 204 101 (62.7%) 103 (63.2%)

Female 120 60 (37.3%) 60 (36.8%)

Age 0.04

≤65 218 117 (72.7%) 101 (62.0%)

>65 106 44 (27.3%) 62 (38.0%)

Performance status 0.11

ECOG 0 178 81 (50.3%) 97 (59.5%)

ECOG 1 145 79 (49.1%) 66 (40.5%)

Unknown* 1 1 (0.6%) 0 (0%)

Primary tumour site 0.80

Right-sided 131 64 (39.8%) 67 (41.1%)

Left-sided 193 97 (60.2%) 96 (58.9%)

Number of metastases 0.67

≤2 207 101 (62.7%) 106 (65.0%)

>2 117 60 (37.3%) 57 (35.0%)

Primary tumour resected 0.50

No 301 148 (91.9%) 153 (93.9%)

Yes 23 13 (8.1%) 10 (6.1%)

Adjuvant chemotherapy 0.39

No 289 146 (90.7%) 143 (87.7%)

Yes 35 15 (9.3%) 20 (12.3%)

P-values was estimated by Chi-square test.
BEV bevacizumab, ECOG Eastern Cooperative Oncology Group.
*Unknown group was not included in the analysis.
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Treatment-by SNP interaction
In the dominant genetic model, TIPIN rs8035497 had a significant
interaction with treatment in terms of OS. In the recessive genetic
model, three SNPs exhibited significant interactions with treat-
ment: TIPIN rs8035497 and TIPIN rs28593577 in terms of OS and
TIMELESS rs2291739 in terms of both OS and PFS (Table 5).

DISCUSSION
Our findings revealed for the first time that genetic variations in
the TIMELESS–TIPIN complex are associated with survival out-
comes in patients with mCRC treated with irinotecan-based first-
line chemotherapy. Our findings highlight the significance of this
pathway and its impact on therapeutic efficacy based on the
difference in outcomes between irinotecan- and oxaliplatin-based
chemotherapies. These data suggest that genes regulating the
replication fork in tumour cells are related to the distinct response
to cytotoxic agents with different DNA-damaging activities.
We identified a significant association of TIMELESS rs2291739

with OS in patients treated with FOLFIRI plus bevacizumab using
the recessive genetic model, and this finding was confirmed in
multivariate analyses. The association with PFS was consistent
with the OS data, but statistical significance was not reached.
Meanwhile, no confirmed associations with clinical outcomes were
observed in patients treated with FOLFOX plus bevacizumab. Of

note, TIMELESS rs2291739 displayed significant interactions with
treatment in terms of both PFS and OS.
Our findings are supported by the consistent mechanisms of

action and tumour biology. First, TIMELESS rs2291739 is a
missense variant that causes a protein function-altering amino
acid change. Second, the molecular mechanisms protecting the
replication fork are differently affected by irinotecan and
oxaliplatin even though both drugs are DNA-damaging agents.
Irinotecan is a topoisomerase I (TOP1) inhibitor that inhibits the
dissociation of the TOP1 cleavage complex (TOP1-cc), a transient
structure formed in front of the replication fork that permits
TOP1 to resolve topological stress [22]. In the presence of
irinotecan, stabilised TOP1-cc collides with the replication fork
during DNA replication and transcription, resulting in DSBs [19].
TIMELESS was identified as a TOP1-binding factor [23]. Interest-
ingly, a previous study revealed that the TIMELESS–TIPIN
complex destabilises TOP1-cc by interacting with TOP1, which
prevents the generation of irinotecan-induced DSBs [24]. These
data support our findings of an association between a functional
SNP of TIMELESS and OS of irinotecan-treated patients. Specifi-
cally, patients with the TIMELESS rs2291739 G/G genotype had
worse OS than those with any A allele, suggesting that the G/G
genotype is associated with increased function of the
TIMELESS–TIPIN complex, thereby protecting cancer cells against
irinotecan-induced cytotoxicity. Meanwhile, oxaliplatin is a

Table 3. Univariate and multivariate analyses for the association between SNPs and PFS.

SNP/genetic model Oxaliplatin cohort Irinotecan cohort

Univariate analysis Multivariate
analysis

Univariate analysis Multivariate
analysis

HR (95% CI) Pa HR (95% CI) Pb HR (95% CI) Pa HR (95% CI) Pb

TIMELESS rs2291739

Dominant 1.03 (0.69–1.55) 0.87 1.25 (0.73–2.15) 0.41 1.44 (0.90–2.30) 0.13 1.26 (0.73–2.16) 0.40

Recessive 0.51 (0.32–0.83) 0.006 0.60 (0.31–1.17) 0.12 1.48 (0.97–2.26) 0.07 1.49 (0.77–2.87) 0.25

TIPIN rs3759786

Dominant 0.78 (0.47–1.29) 0.33 0.88 (0.48–1.64) 0.69 0.90 (0.57–1.42) 0.65 1.06 (0.59–1.90) 0.85

Recessive NA NA NA NA NA NA NA NA

TIPIN rs8035497

Dominant 1.22 (0.86–1.75) 0.27 1.27 (0.81–1.99) 0.30 0.87 (0.59–1.27) 0.46 0.80 (0.47–1.35) 0.40

Recessive 1.20 (0.68–2.15) 0.53 1.31 (0.66–2.60) 0.44 1.20 (0.58–2.49) 0.62 0.93 (0.37–2.38) 0.89

TIPIN rs11071888

Dominant 0.84 (0.57–1.24) 0.37 0.90 (0.52–1.56) 0.70 1.12 (0.77–1.65) 0.55 1.04 (0.61–1.76) 0.90

Recessive 0.18 (0.03–1.29) 0.05 0.23 (0.03–1.86) 0.09 1.59 (0.65–3.93) 0.31 0.84 (0.24–2.91) 0.79

TIPIN rs28593577

Dominant 1.02 (0.71–1.46) 0.92 1.06 (0.67–1.68) 0.80 0.92 (0.62–1.38) 0.70 0.85 (0.50–1.45) 0.55

Recessive 1.24 (0.63–2.45) 0.54 1.62 (0.76–3.46) 0.24 1.22 (0.56–2.64) 0.61 0.99 (0.39–2.52) 0.99

TIPIN rs11637949

Dominant 1.31 (0.91–1.89) 0.15 1.27 (0.80–1.99) 0.31 1.23 (0.84–1.80) 0.28 1.17 (0.71–1.91) 0.54

Recessive 1.41 (0.68–2.92) 0.35 1.61 (0.69–3.78) 0.29 1.04 (0.53–2.08) 0.90 0.91 (0.41–2.02) 0.81

TIPIN rs6494568

Dominant 1.26 (0.81–1.95) 0.31 1.11 (0.60–2.06) 0.74 0.84 (0.51–1.37) 0.48 0.88 (0.42–1.81) 0.72

Recessive NA NA NA NA NA NA NA NA

TIPIN rs12323975

Dominant 0.86 (0.53–1.40) 0.55 0.83 (0.44–1.56) 0.56 1.16 (0.69–1.95) 0.58 0.74 (0.37–1.51) 0.40

Recessive NA NA NA NA NA NA NA NA

Significant values are indicated in bold characters. TIPIN rs3759786, TIPIN rs6494568, and TIPIN rs12323975 were not assessed with recessive genetic model
because there were no patients having homozygous genotype of the recessive allele in these SNPs.
CI confidence interval, HR hazard ratio, NA not assessed, PFS progression-free survival, SNP single nucleotide polymorphism.
aP-values were based on log-rank test.
bP-values were based on Wald test in the multivariate Cox proportional hazards regression model.
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platinum compound forming two types of DNA crosslinks: intra-
strand crosslinks on the same strand of DNA and inter-strand
crosslinks between the two complementary strands of DNA
[18, 25]. Platinum drugs produce a high proportion of intra-
strand crosslinks, which contribute to their cytotoxic activity [26].
This type of crosslinks can avoid the development of DSBs if
uncoupling activities between DNA polymerase and helicase are
properly sensed by the TIMELESS–TIPIN complex in associated
with checkpoint mechanisms [13]. Conversely, inter-strand
crosslinks are more toxic because they physically block DNA
replication and induce DSBs by covalently linking both DNA
strands [27]. The repair of inter-strand crosslinks is highly
dependent on homologous recombination and Fanconi anaemia
pathways [28, 29]. We speculate that these mechanisms of inter-
strand crosslinks, which are independent of TIMELESS–TIPIN
complex function, attenuated the impact of TIMELESS rs2291739
on clinical outcomes in oxaliplatin-treated patients. Based on
these molecular bases, we supposed that the function of the
TIMELESS–TIPIN complex is more relevant to the efficacy of
irinotecan than to that of oxaliplatin.
Our findings suggest a novel approach of clinical decision

making based on the TIMELESS rs2291739 genotype. Specifically,
FOLFIRI plus bevacizumab may be a favourable treatment option
for the patients with any A allele because our results showed

it led to better survival outcomes compared to FOLFOX plus
bevacizumab in this patient subset. In contrast, FOLFOX plus
bevacizumab may be favourable for the patients with G/G
genotype because this patient subset was more likely to benefit
from FOLFOX plus bevacizumab than from FOLFIRI plus bevaci-
zumab. This personalised strategy in the choice of backbone
chemotherapy should be assessed in further clinical studies.
This study had several limitations. Because of the retrospective

design, the results require validation in prospective clinical trials.
Furthermore, we tested the association between SNPs and the
efficacy of oxaliplatin and irinotecan in one study cohort, however,
these data are preliminary and the predictive value of SNPs need
to be confirmed. Thus, further validation studies are needed.
However, the significant results demonstrated by the formal
interaction test in this study support the predictive potential of
TIMELESS rs2291739 concerning the selection of cytotoxic agents
in the first-line setting.
In conclusion, our study provided the first evidence that

germline polymorphisms in replication fork-protecting genes
were associated with the efficacy of FOLFIRI plus bevacizumab,
but not with that of FOLFOX plus bevacizumab, in patients with
mCRC. Our findings may be useful for personalised approaches in
selecting cytotoxic drugs in the first-line treatment of mCRC, and
validation in prospective studies is warranted.

Table 4. Univariate and multivariate analyses for the association between SNPs and OS.

SNP/
genetic model

Oxaliplatin cohort Irinotecan cohort

Univariate analysis Multivariate
analysis

Univariate analysis Multivariate
analysis

HR (95% CI) Pa HR (95% CI) Pb HR (95% CI) Pa HR (95% CI) Pb

TIMELESS rs2291739

Dominant 1.03 (0.64–1.66) 0.90 1.41 (0.76–2.60) 0.27 1.32 (0.70–2.48) 0.39 1.47 (0.73–2.96) 0.27

Recessive 0.63 (0.34–1.14) 0.12 0.83 (0.36–1.94) 0.66 2.01 (1.19–3.41) 0.008 3.06 (1.49–6.25) 0.004

TIPIN rs3759786

Dominant 0.78 (0.42–1.45) 0.44 0.68 (0.32–1.42) 0.28 0.80 (0.42–1.50) 0.48 1.03 (0.47–2.27) 0.94

Recessive NA NA NA NA NA NA NA NA

TIPIN rs8035497

Dominant 1.13 (0.73–1.75) 0.59 1.41 (0.81–2.43) 0.22 0.59 (0.35–1.01) 0.05 0.53 (0.26–1.10) 0.08

Recessive 1.96 (1.02–3.75) 0.04 2.02 (0.93–4.42) 0.09 0.21 (0.03–1.52) 0.09 0.20 (0.02–1.57) 0.06

TIPIN rs11071888

Dominant 0.64 (0.39–1.06) 0.08 0.63 (0.32–1.24) 0.17 1.32 (0.80–2.20) 0.28 0.85 (0.41–1.76) 0.66

Recessive 0.46 (0.06–3.30) 0.43 0.42 (0.05–3.57) 0.38 2.01 (0.73–5.58) 0.17 0.62 (0.15–2.54) 0.50

TIPIN rs28593577

Dominant 0.87 (0.56–1.36) 0.54 1.00 (0.58–1.75) 0.99 0.78 (0.45–1.35) 0.37 0.64 (0.30–1.35) 0.23

Recessive 1.52 (0.69–3.33) 0.29 1.42 (0.59–3.40) 0.45 0.24 (0.03–1.74) 0.13 0.21 (0.03–1.67) 0.07

TIPIN rs11637949

Dominant 1.04 (0.66–1.64) 0.86 1.01 (0.58–1.76) 0.96 1.95 (1.17–3.24) 0.009 1.81 (0.93–3.51) 0.08

Recessive 1.87 (0.81–4.32) 0.14 2.16 (0.84–5.55) 0.14 1.38 (0.59–3.21) 0.45 1.10 (0.43–2.82) 0.84

TIPIN rs6494568

Dominant 1.39 (0.83–2.33) 0.21 0.99 (0.47–2.07) 0.98 0.92 (0.48–1.76) 0.79 2.18 (0.91–5.19) 0.09

Recessive NA NA NA NA NA NA NA NA

TIPIN rs12323975

Dominant 0.70 (0.38–1.29) 0.25 0.67 (0.30–1.46) 0.29 1.21 (0.61–2.39) 0.58 0.54 (0.19–1.49) 0.21

Recessive NA NA NA NA NA NA NA NA

Significant values are indicated in bold characters. TIPIN rs3759786, TIPIN rs6494568, and TIPIN rs12323975 were not assessed with recessive genetic model
because there were no patients having homozygous genotype of the recessive allele in these SNPs.
CI confidence interval, HR hazard ratio, NA not assessed, OS overall survival, SNP single nucleotide polymorphism.
aP-values were based on log-rank test.
bP-values were based on Wald test in the multivariate Cox proportional hazards regression model.
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