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Tumor-infiltrating neutrophils predict benefit from adjuvant chemotherapy in
patients with muscle invasive bladder cancer
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ABSTRACT
Growing evidence shows tumor-infiltrating neutrophils (TINs) involvement in tumorigenesis. The objective
of this study is to assess the prognostic effect of TINs and its impact on adjuvant chemotherapy benefits in
muscle invasive bladder cancer (MIBC). A total of 142 MIBC patients from Zhongshan Hospital, 119 MIBC
patients from FUSCC, and 405 MIBC patients from TCGA cohort were enrolled in the study. TINs were
evaluated by immunohistochemical staining of CD66b or the CIBERSORT method. Patients with high TINs
had a significantly poorer overall survival (p D 0.001, p < 0.001, and p D 0.002, respectively) in the three
sets. In the multivariate analysis, the presence of high TINs (HR D 2.122, p D 0.007; HR D 3.807, p < 0.001;
HR D 2.104, p D 0.001; respectively) was identified as an independent prognostic factor for overall survival
in the three sets. More importantly, Low TINs patients had significantly longer overall survival in patients
without ACT in the three sets. Gene set enrichment analysis showed that lymphocyte activation (p <

0.001) and T cell activation (p D 0.008) were significantly enriched in the low TINs group. In addition, TINs
were negatively correlated with CD8C T cells, suggesting that the status of high-TINs was linked to the
status of immunosuppression in MIBC. TINs could be used as independent prognostic factor. Low TINs
identified a subgroup of MIBC patients who appeared to benefit from adjuvant chemotherapy.
Incorporation of TINs into TNM system could further stratify patients with different prognosis.
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Introduction

One key feature of the tumor microenvironment is persistent
inflammation and has been described as “wound that does not
heal”.1 As the fifth most common cancer worldwide, urothelial
carcinoma of the bladder (UCB) is one of the few tumors for
which there is long-standing evidence of the efficacy of immuno-
therapy. Evidence-based guideline recommends radical cystec-
tomy (RC) as the primary treatment of muscle invasive and high
risk non-muscle invasive bladder cancer (MIBC) patients.2 Cis-
platin-based combination chemotherapy is considered conven-
tional first-line regimens for advanced UCB.3,4 However, meta-
analyses of adjuvant treatment trials have shown a low effective
rate of 22–25% reduction in risk of death with the combination
of cisplatin-based adjuvant treatment.5,6 Therefore, there is an
urgent need for a precise classification of UCB that can be used
to better predict patient outcomes and treatment response.

Neutrophils are innate immune cells and essential during tis-
sue damage and wound healing processes. In recent years, grow-
ing evidence shows that tumor-infiltrating neutrophils play
important roles in cancer development, progression, and resis-
tance to therapy7-10 A meta-analysis of the literature concluded
that TINs are typically pro-tumor and are strongly associated
with poorer prognosis in the majority of human cancers.11

Under different tumor microenvironment, neutrophils can be
polarized into either an anti-tumoral (N1) or a pro-tumoral
(N2) phenotype and show different functions.12 Indeed, three
phenotypically distinct sub-pools of neutrophils with conflicting
functions have been identified in the circulation of tumor-bear-
ing mice and cancer patients, indicating high neutrophil plastic-
ity.13 The main antitumor activity of neutrophils is linked to
their cytotoxicity, an example of which was recently reported in
melanoma where a sub-pool of tumor-associated neutrophil pro-
motes cancer cell killing via nitric oxide release.14 Conversely,
neutrophils have been extensively reported to promote tumor
growth by influencing the tumor microenvironment using mech-
anism such as the promotion of angiogenesis.15,16 or the creation
of a “safe” milieu where more immature neutrophils alongside
with macrophages suppress antitumor immune responses.17

However, evidence of neutrophil plasticity predicts that many
novel neutrophil-mediated functions are yet to be discovered.

In the present study, we evaluated the TINs in MIBC and
explored its relation with clinical outcomes, especially in
patients receiving adjuvant chemotherapy after surgery. These
results may shed light on the importance of TINs in MIBC and
provide a possible predictive system to evaluate outcomes for
patients received adjuvant chemotherapy.
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Results

Baseline clinical characteristics

The clinical data of the discovery set and validation sets are
described in Table S1. In the discovery set and validation set
(FUSCC), TINs were evaluated by immunohistochemical staining
of CD66b. The CD66b positive staining represented TINs were
located in the tumor tissues in a diffused manner (Fig. 1). The
neutrophils infiltrated tumor tissues ranged from 0 to 151 cells/
HPF, and 0 to 195 cells/HPF in the discovery set and validation
set (FUSCC), respectively. In the validation set (TCGA), the
CIBERSORT method,18 a computational method for inferring
leukocyte representation in bulk tumor transcriptomes, was
applied to TCGA database to analyze relationships between TINs
and clinical outcomes. There were no strong relationships
between TINs and clinicopathologic factors including patient age,
gender, progression from NMIBC, pathological grade, pathologi-
cal stage, and adjuvant chemotherapy (all p> 0.05) (Table S1).

Association of TINs with OS

Kaplan–Meier survival analysis was applied to compare
overall survival (OS) according to TINs. In the discovery
set and validation set (FUSCC), the cut-off was 15 cells/HP.
In the validation set (TCGA), the cut-off was 0.0052 (rela-
tive leukocyte fraction). Patients with high TINs had a sig-
nificantly poorer OS (p D 0.001, p < 0.001, and p D 0.002),
than those with low level of TINs in the discovery set,

validation set (FUSCC), and validation set (TCGA), respec-
tively (Fig. 2). In the univariate Cox regression analysis,
pathological stage and TINs were significantly associated
with OS in all these sets (all p < 0.05) (Table 1). Those var-
iables with a significant effect on OS were included in the
multivariate analysis. The presence of high TINs was identi-
fied as an independent prognostic factor that was associated
with OS (Discovery set: HR D 2.122, 95% CI 1.224–3.680,
p D 0.007; validation set-FUSCC: HR D 3.807, 95% CI
1.876–7.725, p < 0.001; validation set-TCGA: HR D 2.104,
95% CI 1.354–3.268, p D 0.001) (Table 1).

Extension of the TNM stage prognostic model with TINs

To improve the prognostic accuracy for current prognostic
model, we generated a predictive model for MIBC patients by
combining tumor, node, metastasis (TNM) staging system and
TINs. The C-index was 0.581 when assessed with TNM stage
and improved to 0.617 when TINs were added in the discovery
set (Table S2). The AIC was 637.80 when assessed with TNM
stage and reduced to 636.20 when TINs were added in the dis-
covery set (Table S2). The results were validated in the valida-
tion sets (Table S2).

Predictive value of TINs for ACT benefit

Previous researches have reported that increased populations of
bone marrow-derived cells could promote tumor recovery and

Figure 1. Representative microphotographs of CD66b staining. (A) Representative example of CD66b staining without intratumoral neutrophil and peritumoral neutro-
phil. (B) Representative example of CD66bC staining with a small number of intratumoral neutrophil (black thin arrow) and peritumoral neutrophil (white thin arrow). (C)
Representative example of CD66bC staining with a large number of peritumoral neutrophil (white thin arrow), but without intratumoral neutrophil. (D) Representative
example of CD66bC staining with a large number of intratumoral neutrophil (black thin arrow) and peritumoral neutrophil (white thin arrow). Scale bars (black lines) D
100 um (magnification 400£).
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reduce chemotherapy efficacy and immunologic death.19-21

Inhibition of neutrophils recruitment into tumors by CXCR2
inhibitor could improve chemotherapy efficacy in breast can-
cer.21 Thus, we evaluated the benefit of platinum-based

chemotherapy according to the level of TINs in patients who
received adjuvant chemotherapy. For patients without ACT
treatment (n D 72, 50.7%; n D 39, 32.8%; n D 300, 74%), the
level of TINs was significantly associated with OS (p D 0.012,

Figure 2. Kaplan–Meier analysis of OS in MIBC patients from the discovery set (A), validation set (FUSCC) (B), and validation set (TCGA) (C).

Table 1. Univariate and multivariate Cox regression analyses for overall survival in the discovery and validation sets of MIBC patients.

Overall survival

Discovery set Validation set (FUSCC) Validation set (TCGA)

Variable HR (95% CI) p HR (95% CI) p HR (95% CI) p

Univariate
Age

� 60 1.000 (reference) 1.000 (reference) 1.000 (reference)
>60 1.168 (0.734–1.860) 0.512 1.712 (0.935–3.136) 0.081 2.104 (1.253–3.534) 0.005

Gender
Female 1.000 (reference) 1.000 (reference) 1.000 (reference)
Male 0.609 (0.332–1.116) 0.109 0.937 (0.370–2.372) 0.890 0.801 (0.531–1.208) 0.290

Pathological grade
PUNLMPClow grade 1.000 (reference) 1.000 (reference) 1.000 (reference)
High grade 2.610 (1.250–5.449) 0.011 1.597 (0.495–5.144) 0.433 21.526 (0.197–2350.656) 0.200

Pathological stage
II 1.000 (reference) 1.000 (reference) 1.000 (reference)
III 1.479 (0.914–2.393) 0.111 3.629 (1.564–8.422) 0.003 2.773 (1.473–5.223) 0.002
IV 2.638 (1.113–6.249) 0.028 6.901 (3.035–15.691) <0.001 5.113 (2.798–9.345) <0.001

Adjuvant chemotherapy
No 1.000 (reference) 1.000 (reference) 1.000 (reference)
Yes 0.819 (0.516–1.302) 0.399 1.772 (1.123–2.794) 0.014 0.620 (0.396–0.972) 0.037
TINs
Low 1.000 (reference) 1.000 (reference) 1.000 (reference)
High 2.332 (1.358–4.007) 0.002 4.396 (2.179–8.869) <0.001 1.985 (1.280–3.076) 0.002

Multivariate
TINs
Low 1.000 (reference) 1.000 (reference) 1.000 (reference)
High 2.122 (1.224–3.680) 0.007 3.807 (1.876–7.725) <0.001 2.104 (1.354–3.268) 0.001

Pathological grade
PUNLMPClow grade 1.000 (reference)
High grade 2.347 (1.120–4.919) 0.024

Pathological stage
II 1.000 (reference) 1.000 (reference) 1.000 (reference)
III 1.257 (0.771–2.047) 0.359 3.023 (1.257–7.269) 0.013 2.869 (1.522–5.409) 0.001
IV 2.009 (0.843–4.787) 0.115 5.815 (2.381–14.202) <0.001 5.812 (3.141–10.755) <0.001

Age
� 60 1.000 (reference)
>60 1.808 (1.071–3.053) 0.027

Adjuvant chemotherapy
No 1.000 (reference) 1.000 (reference)
Yes 1.040 (0.638–1.697) 0.874 0.455 (0.284–0.730) 0.001

Abbreviations: PUNLMP, papillary urothelial neoplasm of low malignant potential; CI, confidence interval; HR, hazard ratio.
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p D 0.007, and p D 0.006) in the discovery set, validation set
(FUSCC), and validation set (TCGA), respectively (Fig. 3). Sim-
ilarly, the association between TINs and OS was borderline sig-
nificant in patients with ACT (n D 70, 49.3%, p D 0.069;

n D 105, 25.9%, p D 0.108) in the discovery set and validation
set (TCGA), respectively (Fig. 3). In addition, low TINs patients
had significantly longer OS in patients without ACT in all these
sets (Discovery set: HR D 2.736, 95%CI, 1.204–6.221,

Figure 3. Subgroup analysis to assess predictive value of TINs for ACT benefit. Survival curves according to the level of TINs (high TINs vs. low TINs) in MIBC patients with-
out ACT (A, C, E) and with ACT (B, D, F) from the discovery set and validation sets.
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p D 0.016; validation set-FUSCC: HR D 4.937, 95%CI, 1.375–
17.727, p D 0.014; validation set-TCGA: HR D 1.987, 95%CI,
1.207–3.271, p D 0.007). Similarly, low TINs had a longer, but
insignificantly, OS in patients with ACT in the discovery set
and validation set (TCGA) (HR D 1.931, 95%CI, 0.931–4.007,
p D 0.077; HR D 2.104, 95%CI, 0.832 to 5.320, p D 0.116;
respectively) (Table 2).

Cisplatin-containing combination chemotherapy has been
the standard of care since the late 1980s.22 Subgroup analysis
was performed to assess predictive value of TINs for gemcita-
bine/cisplatin (GC) chemotherapy benefit (Fig. S2). For
patients with ACT-GC treatment, low TINs patients had signif-
icantly longer OS (p D 0.019) in the validation set (FUSCC).
Similarly, low TINs had a longer, but insignificantly, OS in the
discovery set and validation set (TCGA) (p D 0.112 and p D
0.221, respectively).

We next sought to investigate whether TINs increase or
decrease after chemotherapy. CIBERSORT analysis for TINs
was performed on matched pre- and post-chemotherapy

MIBCs (n D 20) within Philadelphia neoadjuvant chemother-
apy (NAC) cohort.23 The Philadelphia NAC cohort (n D 20
transurethral resections and 20 cystectomies) consisted of pre-
and post-treatment tumors from patients enrolled in a Phase II
clinical trial of neodjuvant dose dense MVAC (methotrexate,
vinblastine, doxorubicin, and cisplatin). According to the cut-
off of the validation set-TCGA (0.0052/relative leukocyte frac-
tion), there were 10% (n D 2) MIBCs with a decrease from
high TINs to low TINs (Fig. S3).

Identification of TIN-associated biologic pathways and
processes

Gene set enrichment analysis (GSEA)24 was used to identify rel-
evant biologic processes and signaling pathway. We compared
the gene expression profile of MIBC patients with high TINs
and low TINs group. Interestingly, several immune-related
pathways (p < 0.1 and NES > 1.5) were enriched in the low
TINs group (Fig. S1), such as lymphocyte activation, T cell acti-
vation, immune effector process, regulation of T cell activation,
positive regulation of lymphocyte activation, T cell differentia-
tion, regulation of lymphocyte activation, and positive regula-
tion of T cell activation. Among them, Fisher’s exact test
showed that lymphocyte activation (p < 0.001) and T cell acti-
vation (p D 0.008) were significantly enriched in the low TINs
group (Table S3). These results suggested that the presence of
low TINs was associated with positive regulation of lymphocyte
activation in MIBC patients, which also explained that patients
with low TINs had longer OS than those with high TINs.

Given that the ability of neutrophils to influence CD8C T
cells has been suggested in cancer,12 we wanted to explore the
association between TINs and CD8C T cells in MIBC (Fig. 4).
We found that TINs were negatively correlated with CD8C T
cells (Discovery set: r D ¡0.171, p D 0.043; validation set-
FUSCC: r D ¡0.277, p D 0.004; validation set-TCGA: r D

Figure 4. The association between TINs and CD8C T cells in MIBC. (A–D) serial sections from MIBC samples immunohistochemically stained for CD66 and CD8C, scale
bar D 100 mm. (E) Spearman correlation analysis for TINs and CD8C T cells. (F) Volcano plot comparing the FDR versus fold-change for genes from high-TINs group rela-
tive to low-TINs group. Genes labeled in red or green are significantly differentially expressed.

Table 2. Hazard ratios for overall survival in the discovery and validation sets of
MIBC patients with TINs according to tumor stage.

Overall survival

Patients TINs (High vs. Low)

Variable No. % HR (95% CI) p

Discovery set 142 100
ACT 70 49.3 1.931 (0.931–4.007) 0.077
No ACT 72 50.7 2.736 (1.204–6.221) 0.016

Validation set (FUSCC) 119 100
ACT 51 42.9 3.134 (1.263–7.772) 0.014
No ACT 41 34.5 4.937 (1.375–17.727) 0.014

Validation set (TCGA) 409 100
ACT 107 26.2 2.104 (0.832–5.320) 0.116
No ACT 302 73.8 1.987 (1.207–3.271) 0.007

Abbreviations: HR, Hazard Ratio; 95% CI, 95% confidence interval.
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¡0.098, p D 0.050.). In addition, we found that infiltration by
CD8C T cell was associated with improved OS (Fig. S4). These
results suggested that high-TINs correlated with immunosup-
pression in the environment of MIBC (Fig. 4A–E).

Cytokines and chemokines in MIBC with high vs. low TINs

In addition to associated biologic processes and signaling path-
way, we were also interested in cytokines and chemokines that
may be enriched in high-TINs tumors. We found that the
expression of numerous cytokines and chemokines was signifi-
cantly increased in high-TINs tumors (Fig. 4F). High-TINs
MIBC tumors were enriched for gene sets involved in neutro-
phil recruitment, including CXCL1, CXCL5, CXCL6, and IL8,
as observed previously.7 In addition, MIBC tumors with high
TINs exhibited significantly decreased interferon-stimulated
chemokines (CXCL9, CXCL10, and CXCL11), which could
control the migration of activated T cells and NK cells and
enhance the anti-tumoral response.25-27 These results con-
firmed that high-TINs correlated with immunosuppression in
the environment of MIBC.

Discussion

The TNM classification is the most common system for classi-
fying the extent of cancer spread.28 Unfortunately, this tradi-
tional staging system narrowly focuses on the tumor cells
without incorporating the effects of the host immune
response.29 A growing body of research suggests that tumor-
infiltrating neutrophils is involved in cancer development, pro-
gression, and resistance to therapy.7-10 Recent study showed
that the CD66bC neutrophil to CD8C lymphocyte ratio could
be used to predicted OS in bladder cancer patients after RC.30

However, strategies that improve the selection of patients most
likely to benefit from chemotherapy would have more impact
in this disease. Our research mainly focused on the impact of
CD66bC TINs on adjuvant chemotherapy benefits in MIBC
patients. We found that MIBC patients with high TINs had a
significantly shorter OS. Incorporation of TINs into TNM stag-
ing system could provide important prognostic information for
the risk stratification of MIBC patients. Further, we assessed
the relation between TINs and ACT. We found that among
patients with ACT or without ACT, those with low neutrophils
infiltration were easier to have longer OS compared with those
with high TINs, indicating that TINs could be an important
factor for predicting the efficiency of chemotherapy. This will
be useful for better selection and management of patients who
would receive ACT.

The success of anticancer chemotherapy is linked to a dura-
ble tumor-targeting immune response.31 The combination of
immunotherapy and chemotherapy is a novel approach for
tumor treatments.32 Various chemotherapy agents, including
cisplatin, at low doses selectively inhibit regulatory and sup-
pressor cells,25 which can be regarded as potential partners for
checkpoint inhibitor immunotherapy in clinical development.33

Through GSEA, we found that the presence of low TINs was
associated with positive regulation of lymphocyte activation in
MIBC patients. In addition, TINs in MIBC were negatively cor-
related with antitumor immune cells (CD8C T cell). What’s

more, MIBC tumors with high TINs exhibited significantly
decreased interferon-stimulated chemokines (CXCL9,
CXCL10, and CXCL11), which could control the migration of
activated T cells and NK cells and enhance the anti-tumoral
response.25-27 These results suggested that high-TINs correlated
with immunosuppression in the environment of MIBC. As
reported before, neutrophils played an immunosuppressive role
by suppressing natural killer cell activity, resulting in a reduced
antitumor response that allowed metastasis formation.34,35

Zhou et al. demonstrated that neutrophils recruited macro-
phages to promote hepatocellular carcinoma progression and
resistance to sorafenib.36 Therefore, TINs might serve as an
important prognostic factor in stratifying MIBC patients and
selecting MIBC patients for the combination therapy with che-
motherapy and immunotherapy.

The primary limitations of our study are its retrospective
design and the relatively small sample size. In addition, the
small cores sampled may not be representative of the whole
tumor, which could bias the results. A multicenter, prospective
study is needed to validate these results in a larger population
in the future.

In conclusion, tumor-infiltrating neutrophils could be used
as independent prognostic factor. Our results suggested that
high-TINs correlated with immunosuppression in the environ-
ment of MIBC. Low TINs identified a subgroup of MIBC
patients who appeared to benefit from adjuvant chemotherapy.
Incorporation of TINs into TNM system could further stratify
patients with different prognosis.

Materials and methods

Study population

The study enrolled three independent sets of MIBC patients.
The discovery set including 142 MIBC patients underwent RC
was obtained from Zhongshan Hospital (Shanghai, China)
between 2002 and 2014. The validation set (FUSCC) including
119 MIBC patients underwent RC was obtained from Fudan
University Shanghai Cancer Center (Shanghai, China) between
2008 and 2012. Pathologic data included histologic type, tumor
grade according to the 2004 World Health Organization classi-
fication,37 tumor and nodal stage according to the 2009 TNM
classification.38 No patient had received prior chemotherapy or
radiotherapy.

Patients whose chemotherapy regimen was recorded
received platinum-based treatment: GC, gemcitabine/carbopla-
tin, gemcitabine/oxaliplatin, or MVAC (methotrexate/vinblas-
tine/adriamycin/cisplatin). No patient had distant metastatic
disease at the time of cystectomy. OS was defined as time from
date of RC to a death from all causes. During the entire study
period, the follow-up protocol comprised history, physical
examination, urine cytology, and laboratory measurements
every 3–4 month in the first year, semi-annually in the second
year, and annually thereafter. The follow-up period ended in
June 2016. All specimens were obtained from patients with
informed consent approved by the Clinical Research Ethics
Committee of Zhongshan Hospital (Shanghai, China).

Another validation set (TCGA) comprising 405 MIBC
patients was obtained from TCGA database.39 Biospecimens
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were collected from patients diagnosed with muscle-invasive
urothelial carcinoma undergoing surgical resection with either
transurethral resection or RC. No patient had received prior
chemotherapy or radiotherapy.

Patients whose chemotherapy regimen was recorded
received platinum-based treatment: GC, gemcitabine/carbopla-
tin, gemcitabine/oxaliplatin, or MVAC. The CIBERSORT
method,18 a computational approach for inferring leukocyte
representation in bulk tumor transcriptomes, was applied to
TCGA database to analyze associations between clinical out-
comes and TINs. The cutoff of TINs for survival analysis was
determined by Cutoff Finder.40 The Philadelphia NAC cohort
data was downloaded from the GEO (GSE48277).23

Immunohistochemistry

Immunohistochemical staining was performed on tissue micro-
array (TMA), which was established with formalin-fixed, paraf-
fin embedded surgical specimens. Immunohistochemistry were
performed according to the methods previously applied41 with
appropriate antibodies after control staining (anti-CD66b anti-
body, Clone G10F5, BD Biosciences, diluted 1/100; anti-CD8C,
IR623, DAKO, ready-to-use). The negative control sections
were treated equally with the primary antibody omitted. The
number of neutrophils per field was estimated using Image Pro
plus 6.0 (Media Cybernetics Inc., Bethesda, MD). Identical set-
tings were used for each photograph. Positive stainings were
calculated under high magnification filed (HPF, 400£). The
intensity of neutrophils or CD8C T cell was recorded as the
mean number of CD66b or CD8C positive/HPF from three
randomized field, respectively. The immunostaining of CD66b
and CD8C was evaluated by two pathologists blinded to the
clinical information. The cutoff of TINs or CD8C T cell for sur-
vival analysis was determined by Cutoff Finder.40 The cutoff
from the discovery set was applied to the validation set
(FUSCC).

Gene set enrichment analysis (GSEA)

GSEA performed by MSigDB24,42 was used to identify the path-
ways that were significantly enriched between low TINs and
high TINs tumor samples.

1,000 random sample permutations were performed. If a
gene set had a positive enrichment score, the majority of its
members had higher expression accompanied with higher risk
score, and the set was termed “enriched”.

Differential expression analysis

Differential gene expression was analyzed using edgeR43 Signif-
icantly up and downregulated genes between high TINs and
low TINs tumor samples were defined as expressed genes with
FDR-adjusted p-value � 0.05 and fold change of at least 2x.

Statistical analysis

The chi-square test or Fisher exact was used for categorical
variables, and the t-test or Wilcoxon rank-sum test for con-
tinuous variables. Analysis of the correlation between

neutrophils and other immune cells in MIBC was made by
Spearman correlation. Kaplan–Meier analysis was used to
determine OS. Log-rank test was used to compare survival
between subgroups. The Cox proportional hazards regres-
sion model was applied to perform univariate and multivar-
iate analyses, and those parameters that demonstrated a
statistically significant effect on OS in the univariate analy-
sis were included in the multivariate analysis. Harrell’s
index of concordance (C-index) and Akaike information
criterion (AIC) were calculated to compare the accuracy of
the prognostic models. Statistical analyses were performed
with SPSS, version 20.0 (IBM, Armonk, NY), Stata SE, ver-
sion 13.0 (Stata, College Station, TX), and R software pack-
ages, version 3.1.2 (The R Foundation for Statistical
Computing, http://www.r-project.org/). A two-sided p value
of less than 0.05 was considered to be statistically significant for
all reports.
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