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Abstract. Interleukin‑enhancer binding factor 3 (ILF3)
is a double‑stranded RNA‑binding protein that has been
reported to contribute to the occurrence and progression of
various malignant tumors. The aim of the present study was
to evaluate the prognostic value of ILF3 and to apply this
knowledge to avoid excessive medical treatment in patients
with lung adenocarcinoma (LUAD). ILF3 expression in a
discovery set consisting of tumor and peri‑tumor tissue microarrays was analyzed using immunohistochemical methods.
The mRNA level of ILF3 was subsequently analyzed in a
validation set downloaded from The Cancer Genome Atlas.
The Kaplan‑Meier method, univariate and multivariate Cox
analyses, decision curve analysis and nomogram models were
used to evaluate the prognostic value of ILF3. ILF3 expression
was upregulated in tumor tissues compared with peri‑tumor
tissues and was negatively associated with the overall survival
time of patients with LUAD in the discovery and validation
sets. Moreover, ILF3 expression was used for risk stratifica-
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tion in patients with tumor‑node‑metastasis stages II‑IV and
poor‑to‑moderate tumor differentiation. ILF3 expression was
identified as an independent predictor of adverse prognosis
for patients with LUAD in the discovery and validation sets.
Finally, nomogram models for the 3‑ and 5 year survival time
of patients with LUAD revealed that ILF3 expression may be
used to improve the predictive accuracy of the prognosis and
to avoid excessive medical treatment for certain patients with
the disease. Overall, the data obtained in the current study
revealed that high ILF3 expression was associated with poor
prognosis, and demonstrated that ILF3, as a potential independent risk factor, may improve the hierarchical postoperative
management of patients with LUAD.
Introduction
Lung cancer is the most commonly diagnosed malignant
tumor and one of the leading causes of cancer‑associated
mortality worldwide and in China (1,2). Non‑small‑cell lung
cancer (NSCLC) represents ~85‑90% of the total number of
lung cancer cases (3) and may be divided into three pathological subtypes: Adenocarcinoma, squamous cell carcinoma
and large cell carcinoma (4). Among these, lung adenocarcinoma (LUAD) is the most common pathological subtype
and accounts for ~40% of all lung cancer cases (5). Despite
progress in diagnosis and treatment, the 5 year survival rate
of patients with NSCLC remains low (~15%), which is mainly
attributed to the low rate of diagnosis in the early stages of
the disease and a high rate of cancer recurrence and metastasis (3,6). Therefore, the identification and validation of novel
biomarkers may improve the prognosis of patients with LUAD.
Interleukin‑enhancer binding factor 3 (ILF3) plays an
important role in modulating numerous aspects of RNA
metabolism, primarily due to its double‑stranded RNA‑binding
motifs (7). Consequently, ILF3 participates in various cellular
biological processes, including cell cycle regulation, DNA
metabolism, transcription, translation, mRNA stability,
microRNA expression and circular RNA (circRNA) regulation (8‑13). Moreover, ILF3 has been linked to the occurrence
and progression of various malignant tumors (14‑18). For
example, ILF3 has been shown to contribute to the occurrence of breast cancer by maintaining the expression of the
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urokinase‑type plasminogen activator (14). Importantly, ILF3
was found to be highly expressed in advanced breast cancer
tissues, and the upregulation of ILF3 was negatively associated
with the distant metastasis‑free survival of patients with breast
cancer (15). In human epithelial ovarian cancer, the expression
level of ILF3 was increased in tumor tissues compared with
peri‑tumor tissues and was significantly higher in serous carcinomas compared with mucinous, endometrial and clear cell
carcinomas (16). Furthermore, compared with early‑stage or
well‑differentiated ovarian cancer, the expression level of ILF3
was increased in late‑stage or poorly‑differentiated ovarian
cancer (17). It has also been reported that ILF3 sustains the
epidermal growth factor receptor‑mediated signaling pathway
in NSCLC, indicating that ILF3 may serve an important role
in the occurrence of cancer (18).
To the best of our knowledge, the prognostic value of ILF3
and its potential predictive significance for guiding clinical
practice have not yet been investigated. Therefore, the aim
of the present study was to assess the prognostic value of
ILF3 and to apply this knowledge to avoid excessive medical
treatment of patients with LUAD. The results revealed the
prognostic value of ILF3 and established a new prognostic
model for overall survival (OS) time in patients with LUAD.
Materials and methods
Study cohorts. The current present involved two independent
sets of patients with LUAD. The discovery set consisted of
143 patients, with pathologically confirmed LUAD, who did
not receive chemotherapy or radiotherapy prior to surgical
resection of the tumor. A total of 143 LUAD and 40 adjacent non‑cancerous tissues (2 cm from the tumor margin)
were collected following surgery at the Affiliated Hospital
of Nantong University (Jiangsu, China) between January
2009 and December 2011. All samples were pathologically
confirmed by two pathologists from the Department of
Pathology, Affiliated Hospital of Nantong University (Nantong,
China). Of the 143 patients, 73 were men while 70 were
women, and the mean age of patients at the time of surgery
was 61 years (range, 39‑83 years). The patient clinical data,
including gender, smoking status, age, tumor differentiation
and tumor‑node‑metastasis (TNM) stage, were retrieved from
the hospital records. All patients were staged according to the
8th edition of the TNM staging system for lung cancer (19).
The OS time was defined as the time between surgery and
mortality from any cause. The present retrospective study was
approved by the Clinical Research Ethics Committee of The
Affiliated Hospital of Nantong University (Jiangsu, China;
approval no. 2017‑K025) and all patients provided written
informed consent.
The validation set was downloaded from The Cancer
Genome Atlas (TCGA) database (20), accessed on November
1st, 2017. The patient inclusion criteria for the present study were
as follows: Availability of clinical data (including TNM stage,
survival status, follow‑up time, smoking status, gender, age
and ethnicity), a diagnosis of pathologically confirmed LUAD
and the availability of mRNA‑seq data for ILF3. Patients who
died on the day of surgery were excluded from the study. A
total of 501 tumor and 59 peri‑tumor unpaired samples were
selected for subsequent study. A total of 228 patients were men

Figure 1. Expression level of ILF3 in LUAD and normal tissues.
(A) Representative images of ILF3 staining captured at x40 (top) and x400
(bottom) magnification. Scale bars, 500 µm (top) and 50 µm (bottom). (B) ILF3
staining intensity in tumor and peri‑tumor tissues in the discovery set. (C) ILF3
mRNA levels in tumor and peri‑tumor tissues in the TCGA validation set.
ILF3, interleukin‑enhancer binding factor 3; LUAD, lung adenocarcinoma;
TCGA, The Cancer Genome Atlas; IHC, immunohistochemistry.

while 273 were women, and the mean age of patients at the
time of surgery was 65.40 years (range, 33‑88 years).
Tissue microarrays (TMAs) and immunohistochemistry
(IHC). Surgical tissue samples was fixed with 10% formalin for
24 h at room temperature. Formalin‑fixed paraffin‑embedded
surgical tissue samples were used for TMAs and IHC. To
construct the TMAs, tissue cylinders (2 mm in diameter) were
removed from each sample and selected tissue cylinders were
grouped into a single array block using an Unitma Quick‑Ray
tissue microarrayer (cat. no. UT06; Unitma Co., Ltd). Each
TMA specimen was subsequently cut into 4 µm tissue
sections, which were mounted on microscope slides. IHC
staining was performed as previously described (21), except
an anti‑ILF3 antibody (ab92355; 1:400; Abcam) was used
as the primary antibody. A total of two pathologists blindly
evaluated the percentage of ILF3‑positive samples using the
NDP.view2 software (version 2.6.13; Japan SLC, Inc.), as well
as the intensity of ILF3 IHC staining. A semi‑quantitative
immunoreactivity scoring system was used to evaluate the
staining (22). The semi‑quantitative H‑score (0‑300) was
calculated as the product of the intensity (0, negative; 1, weak;
2, moderate; 3, strong) and the percentage of ILF‑3‑positive
samples (0‑100).
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Table I. Association between ILF3 expression and clinical characteristics in patients with lung adenocarcinoma.
A, Discovery set
Characteristics

Low ILF3 expression, n (%)

High ILF3 expression, n (%)

P‑value

Sex			0.661
Female
39 (27.3)
31 (21.7)
Male
38 (26.6)
35 (24.5)
Age (years)			
0.080
<60
38 (26.6)
23 (16.1)
≥60
39 (27.3)
43 (30.1)
Smoking
Yes
14 (9.8)
18 (12.6)
0.193
No/unknown
63 (44.1)
48 (33.6)
TNM stage			
0.041a
I
49 (34.3)
28 (19.6)
II
19 (13.3)
22 (15.4)
III
9 (6.3)
14 (9.8)
IV
0 (0.0)
2 (1.4)
Differentiation			 0.711
Well
17 (11.9)
11 (7.7)
Moderately
44 (30.8)
41 (28.7)
Poorly
16 (11.2)
14 (9.8)
B, Validation set (TCGA)			
Characteristics

Low ILF3 expression, n (%)

High ILF3 expression, n (%)

P‑value

Gender			
0.445
Female
153 (30.5)
120 (24.0)
Male
120 (24.0)
108 (21.6)
Age (years)			
0.329
<60
65 (13.0)
63 (12.6)
≥60
208 (41.5)
165 (32.9)
Smoking status			
0.591
Yes
99 (19.8)
88 (17.6)
No/unknown
174 (34.7)
140 (27.9)
TNM stage			
0.590
I
144 (28.7)
128 (25.6)
II
72 (14.4)
49 (9.8)
III
45 (9.0)
38 (7.6)
IV
12 (2.4)
13 (2.6)
Ethnicity			0.665
Caucasian
68 (13.6)
53 (10.6)
Non‑caucasian
205 (40.9)
175 (34.9)
ILF3, interleukin‑enhancer binding factor 3. P‑values were calculated using χ2 test. aP<0.05 was considered to indicate a statistically significant
difference.

Statistical analysis. X‑tile (version 3.6.1; Yale University),
GraphPad Prism (version 7.00; GraphPad Software), SPSS
(version 20.0; IBM Corp.) and R (version 3.5.2; R Foundation
for Statistical Computing) software were used for the statis-

tical analyses. Patients in the discovery and validation sets
were stratified into high and low expression groups according
to cut‑off points (80 and 1,1628.1 for the discovery and validation sets, respectively) that were computed using X‑tile as
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Figure 2. Kaplan‑Meier survival plots in patients with lung adenocarcinoma. Kaplan‑Meier survival plots for the (A) discovery and (B) validation sets
stratified by the tumor‑node‑metastasis stage. Kaplan‑Meier survival plots for the (C) discovery and (D) validation sets stratified by ILF3 expression. ILF3,
interleukin‑enhancer binding factor 3.

previously described (23). Differential expression of ILF3
between tumor and peri‑tumor samples was analyzed using
the Mann‑Whitney‑Wilcoxon test. Survival curves and forest
plots were plotted using GraphPad Prism, and the difference in
survival between the groups was evaluated using the log‑rank
test. The χ2 or Fisher's exact tests were used to analyze the
association between ILF3 expression and clinicopathological parameters. The Cox proportional hazards regression
model was used for univariate and multivariate analyses
of factors affecting patient prognosis. The factors that were
associated with prognosis in the univariate analysis were
subsequently included in a multivariate analysis. Nomograms
and calibration curves were plotted using R software with
the regression modeling strategies package (version 5.0.0;
http://www.r‑project.org). Harrell's concordance index
(C‑index) and the Akaike information criterion (AIC) were
calculated to assess and compare the accuracy of the prognostic
models (24). All data are expressed as the mean ± standard
error mean. P<0.05 was considered to indicate a statistically
significant difference.
Results
Association between ILF3 expression, clinicopathological
parameters and OS time in patients with LUAD. ILF3‑positive
staining was predominantly observed in the cytoplasm and
nucleus of the LUAD tissue samples (Fig. 1A). The mean
expression level of ILF3 in the 143 tumor samples was signifi-

cantly increased compared with the 40 peri‑tumor samples
(P<0.001; Fig. 1B). Furthermore, the mRNA level of ILF3 was
analyzed in 501 tumor and 59 peri‑tumor tissue samples in
TCGA database. In line with the IHC staining data, the mRNA
level of ILF3 was increased in the tumor samples compared
with the peri‑tumor samples (P<0.001; Fig. 1C).
The association between ILF3 expression and clinicopathological parameters in patients with LUAD is presented in
Table I. In the discovery set, a high ILF3 expression level was
associated with the TNM stage (P= 0.041). However, no significant association was found between ILF3 expression and the
other clinical parameters examined (tumor differentiation,
gender, age and smoking status). Furthermore, no significant
association between ILF3 expression and the clinical parameters examined in the TCGA validation set was observed.
Moreover, in the discovery set, the OS time of patients
with TNM stage I was longer than that of patients with TNM
stages II‑III (P<0.001; Fig. 2A). In the validation set, the OS
time of patients with TNM stage I was longer than that of
patients with TNM stages II‑IV (P<0.001; Fig. 2B). Patients
with a low ILF3 expression level exhibited an increased OS
time compared with patients with high expression, both in
the discovery (P=0.003; Fig. 2C) and validation (P=0.043;
Fig. 2D) sets.
Subgroup analysis of the association between ILF3 expression and the OS time in patients with different TNM stages. To
determine whether the OS time of patients with LUAD with
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Figure 3. Subgroup analysis of the association between ILF3 expression and the overall survival time of patients with different TNM stages. Representation of
the survival in the TNM (A) stage I and (B) stages II‑IV subgroups in the discovery set stratified by ILF3 expression (high and low). (C) Forest plot based on
ILF3 expression in the discovery set. Representation of the survival time in the TNM (D) stage I and (E) stages II‑IV patient subgroups in the validation set
stratified by ILF3 expression (high and low). (F) Forest plot based on ILF3 expression in the validation set. ILF3, interleukin‑enhancer binding factor 3; TNM,
tumor‑node‑metastasis; HR, hazard ratio; CI, confidence interval.

different TNM stages was associated with the ILF3 expression level, the patients in the discovery and validation sets
were divided into two subgroups based on TNM stage. The

first subgroup consisted of patients with TNM stage I, and the
second subgroup consisted of patients with TNM stages II‑IV.
Survival analysis was subsequently performed for each
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Figure 4. Subgroup analysis of the association between ILF3 expression and the overall survival time of patients with different tumor differentiation. Representation
of the survival time of patients in the discovery set with (A) well, (B) moderate and (C) poor tumor differentiation stratified by ILF3 expression (high and low).
(D) Forest plot based on ILF3 expression in the discovery set. ILF3, interleukin‑enhancer binding factor 3; HR, hazard ratio; CI, confidence interval.

Figure 5. Forest plot based on ILF3 expression and other risk factors. In the discovery set, ILF3 expression (based on immunohistochemistry), tumor differentiation and TNM stage were identified as independent risk factors for OS time in patients with LUAD. In the validation set, ILF3 expression (based on
the mRNA level), TNM stage and ethnicity were identified as independent risk factors for OS time in patients with LUAD. ILF3, interleukin‑enhancer binding
factor 3; TNM, tumor‑node‑metastasis; OS, overall survival; LUAD, lung adenocarcinoma; HR, hazard ratio; CI, confidence interval.
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Table II. Univariate and multivariate analyses of overall survival time in patients with lung adenocarcinoma.
A, Univariate analysis
Discovery set
Validation set (TCGA)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable
HR (95% CI)
P‑value
HR (95% CI)
P‑value
Age, years
≥60 vs. <60
0.868 (0.541‑1.394)
0.558
0.882 (0.627‑1.240)
Sex
Male vs. female
1.437 (0.890‑2.320)
0.138
1.062 (0.785‑1.436)
Smoking
Yes vs. no/unknown
1.765 (1.048‑2.972)
0.033a
1.209 (0.884‑1.653)
Ethnicity			
Caucasian vs. non‑caucasian			
1.610 (1.103‑2.350)
Differentiation
Poor and moderate vs. well
1.599 (1.087‑2.350)
0.017a
TNM stage
II, III and IV vs. I
1.682 (1.300‑2.175)
<0.001a
1.648 (1.428‑1.903)
ILF3 expression
High vs. low
2.050 (1.270‑3.311)
0.003a
1.363 (1.008‑1.844)

0.470
0.697
0.236
0.013a

<0.001a
0.044a

B, Multivariate analysis				
Discovery set
Validation set (TCGA)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable
HR (95% CI)
P‑value
HR (95% CI)
P‑value
Smoking status
Yes vs. no
1.512 (0.893‑2.561)
0.124		
Ethnicity 			
1.594 (1.093‑2.326)
Caucasian vs. Non‑caucasian				
Differentiation
Poor and moderate vs. well
1.542 (1.042‑2.283)
0.030a
TNM stage
II, III and IV vs. I
1.544 (1.184‑2.015)
0.001a
1.634 (1.417‑1.883)
ILF3 expression
High vs. low
1.761 (1.075‑2.885)
0.025a
1.376 (1.017‑1.862)

0.016a

<0.001a
0.038a

HR, hazard ratio; CI, confidence interval; TCGA, The Cancer Genome Atlas; TNM, tumor‑node‑metastasis; ILF3, interleukin‑enhancer binding
factor 3. aP<0.05 was considered to indicate a statistically significant difference.

subgroup, and the association between ILF3 expression and
the OS time of patients was presented as a forest plot based
on the univariate analysis. In the discovery set, no significant
difference in survival time was observed between patients
with high or low ILF3 expression in the TNM stage I subgroup
(P=0.397; Fig. 3A). However, in the TNM stages II‑IV
subgroup, the OS time of patients with high ILF3 expression
was shorter than that of patients with low ILF3 expression
(P<0.001; Fig. 3B). Furthermore, the ILF3 expression level
was significantly associated with the OS time of patients in the
TNM stages II‑IV subgroup (P<0.001; Fig. 3C), but not in the
TNM stage I subgroup (P=0.416).

In the validation set, as in the discovery set, ILF3 expression was not associated with the OS time of patients in the
TNM stage I subgroup (P=0.228; Fig. 3D). By contrast, in the
TNM stages II‑IV subgroup, patients with low ILF3 expression had an improved OS time than those with high ILF3
expression (P=0.040; Fig. 3E). Moreover, in the validation set,
the ILF3 expression level was significantly associated with the
OS time of patients with TNM stages II‑IV (P=0.042; Fig. 3F),
but not TNM stage I (P=0.234).
Subgroup analysis of the association between ILF3 expression
and the OS time in patients with different tumor differentiation.
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Figure 6. Prognostic nomogram for patients with LUAD based on the discovery set data. (A) A prognostic nomogram integrating ILF3 expression (based on
immunohistochemistry) and other risk factors (including smoking status, tumor differentiation and TNM stage) was generated to predict the clinical outcome
of patients with LUAD. Calibration curves of the prognostic nomogram for the (B) 3‑ and (C) 5 year probability of survival time are presented. The red line
represents an ideal model, and the vertical bars represent the 95% confidence interval. An ideal model suggests that the predicted outcome from the nomogram
is completely identical to that of the actual observed outcome and it characterized by sensitivity 100%, specificity 100% and veracity 100%. LUAD, lung
adenocarcinoma; ILF3, interleukin‑enhancer binding factor 3; TNM, tumor‑node‑metastasis.

In the discovery set, no significant association between ILF3
expression and the OS time was observed in patients with
well‑differentiated tumors (P=0.431; Fig. 4A). Nevertheless,
among patients with moderately or poorly differentiated tumors,
those with a low ILF3 expression level had an increased OS
time compared with patients with high expression (P=0.022 and
P=0.040, respectively; Fig. 4B and C). Moreover, a forest plot
based on a univariate analysis revealed that ILF3 expression

was associated with the OS time of patients with moderate or
poor tumor differentiation (P=0.025 and P=0.045, respectively;
Fig. 4D), but not with well‑differentiated tumors (P=0.445).
ILF3 expression is an independent risk factor for patients with
LUAD. The results of univariate and multivariate analyses are
presented in Table II. In the univariate analysis, ILF3 expression (P=0.003 and P=0.044, for the discovery and validation
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Figure 7. Prognostic nomogram for patients with LUAD based on the validation set data. (A) A prognostic nomogram integrating ILF3 expression (based on the
mRNA level) and other risk factors (including smoking status, ethnicity, age, gender and TNM stage) was generated to predict the clinical outcome of patients
with LUAD. Calibration curves of the prognostic nomogram for the (B) 3‑ and (C) 5 year probability of survival time are presented. The lines on the top of
(B) and (C) represent the distribution of patients. The red line represents an ideal model, and vertical bars represent the 95% confidence interval. LUAD, lung
adenocarcinoma; ILF3, interleukin‑enhancer binding factor 3; TNM, tumor‑node‑metastasis.

sets, respectively) and the TNM stage (P<0.001, for both
discovery and validation sets) were significant risk factors
for OS time. Moreover, tumor differentiation (P=0.017) and
smoking status (P=0.033) in the discovery set and ethnicity
(P= 0.013) in the validation set were identified as significant
risk factors for OS time.
Subsequently, all the significant risk factors for OS time
identified in the univariate analysis were used for multivariate
analysis, and the results were presented as a forest plot showing

risk factors for prognosis in patients with LUAD. This analysis
revealed that ILF3 expression was an independent risk
factor for OS time in the discovery (P=0.025) and validation
(P=0.038) sets. Furthermore, the TNM stage (P=0.001 and
P<0.001, for the discovery and validation sets, respectively),
tumor differentiation (P=0.030, for the discovery set) and
ethnicity (P= 0.016, for the validation set) were identified as
underlying independent risk factors for OS time in patients
with LUAD (Fig. 5).
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Table III. Comparison of the accuracy of the prognostic models.
A, Discovery set
3‑year OS time
5‑year OS time
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Model
C‑index
AIC
C‑index
AIC
TNM
ILF3‑based model

0.6263
0.7045

445.7592
443.0039

0.6269
0.6823

619.0112
624.1688

B, Validation set (TCGA)
3‑year OS time
5‑year OS time
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Model
C‑index
AIC
C‑index
AIC
TNM
ILF3‑based model

0.6679
0.6970

1506.5460
1506.3810

0.6613
0.6909

1831.0630
1827.3640

OS, overall survival; C‑index, Harrell's concordance index; AIC, Akaike information criterion; TNM, tumor‑node‑metastasis; ILF3, interleukin‑enhancer binding factor 3; TCGA, The Cancer Genome Atlas.

Prognostic nomograms for OS time in patients with LUAD.
Prognostic nomograms estimating the OS time of patients
with LUAD were generated for the discovery (Fig. 6A) and
validation (Fig. 7A) sets based on the results obtained in the
univariate and multivariate analyses. The nomogram based
on the discovery set data integrated ILF3 expression, TNM
stage, tumor differentiation and smoking status, whereas the
nomogram based on the validation set data integrated all
the risk factors, including ILF3 expression, TNM stage, age,
gender, ethnicity and smoking status. Each patient received
points based on each risk factor, and the total number of
points (i.e., the sum of the points received for each risk
factor) was used to predict the OS time. A high number of
total points were associated with advanced age, smoking,
high ILF3 expression, poor differentiation, females and the
Caucasian race. It was also associated with a high risk and
poor prognosis. The calibration curve for the probability of
survival time at 3 or 5 years revealed a strong association
between the predicted outcome from the nomogram and the
actual observed outcome for the discovery (Fig. 6B and C)
and validation (Fig. 7B and C) sets.
The predictive accuracy of the prognostic nomograms
based on ILF3 expression was evaluated using the C‑index
and AIC. The results of the comparison between the prognostic model based on ILF3 expression and the conventional
prognostic model based on the TNM stage are presented in
Table III. For the discovery set, the C‑index for the probability of survival at 3 and 5 years was increased to 0.7045
and 0.6823, respectively, for the model based on ILF3 expression, while the AIC was decreased to 433.0039 and 624.1688,
respectively. Similarly, for the validation set, the C‑index for
the probability of survival time at 3 and 5 years was increased
to 0.6970 and 0.6909, respectively, for the model based on
ILF3 expression, while the AIC was decreased to 1506.3810
and 1827.3640, respectively. Therefore, the nomogram based
on ILF3 expression provided an improved predictive accuracy

compared with the prognostic model based on the TNM stage
in both the discovery and validation sets.
As presented in Fig. S1, a decision curve analysis for the
prediction of OS time was performed. Compared with the model
based on the TNM stage, a model combining the analysis of
the TNM stage and ILF3 expression benefited patients with a
survival probability of <49 or >74%. For example, if a survival
probability of 80% was used as a threshold, the net benefit of
the combined model was ~0.05, which was greater than the net
benefit of the model based on the TNM stage (0.01).
Discussion
The ILF3 family consists of four members (NF90a, NF90b,
NF110a and NF110b), which result from the mutually exclusive alternative splicing of the ILF3 gene transcript (25‑27).
NF90 and NF110 serve important roles in the regulation of
circRNA biogenesis and the antiviral immune response (13).
Furthermore, ILF3 interacts with Nanog homeobox mRNA to
regulate pluripotency in embryonic stem cells and has potential
roles in sustaining embryonic stem cell self‑renewal and cell
fate determination (28). While a previous study indicated that
ILF3 expression may be a novel risk factor for venous thromboembolism, stroke and coronary artery disease (29), ILF3
autoantibodies have been identified as potential diagnostic
biomarkers for human autoimmune disease (30). Furthermore,
ILF3 interacts with interleukin‑2 in T cells to upregulate synoviolin in rheumatoid synovial cells and is therefore a potential
therapeutic target for rheumatoid arthritis (31). To the best of our
knowledge, the current study is the first to report that ILF3 was
an independent risk factor for OS time in patients with LUAD.
Increasing evidence suggests that ILF3 may contribute
to the aggressiveness and progression of certain malignant
tumors, including hepatocellular carcinoma, NSCLC and
breast and ovarian cancer (14,16,32,33). In the current study,
ILF3 expression was significantly associated with the TNM
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stage and OS time of patients with LUAD. Furthermore,
subgroup analyses revealed that patients with TNM stages
II‑IV and poor or moderate tumor differentiation may be
stratified according to ILF3 expression. Collectively, these
results suggested that ILF3 expression may significantly affect
the prognosis of patients with LUAD.
Moreover, when the conventional prognostic model based
on the TNM stage was applied to patients with LUAD, the
C‑index of the discovery set was low compared with that of
the validation set. This phenomenon may be associated with
differences in the levels of economic development and medical
services provided in different regions. Nevertheless, compared
with the conventional prognostic model based on the TNM
stage, the nomogram model based on ILF3 expression exhibited improved predictive accuracy for the OS time of patients
with LUAD, in both the discovery and validation sets.
LincIN, a novel NF90‑binding long non‑coding RNA, is
upregulated in advanced breast tumors and is involved in metastasis (34). NF90 is a member of ILF3 family, and LincIN is a
novel long non‑coding RNA which binding NF90. So LincIN
is associated with the current study. Upregulated expression
of ILF2 in NSCLC is associated with tumor cell proliferation
and poor prognosis (35). The present study suggested that
ILF3 is a potential independent adverse prognostic factor for
post‑operative survival time in patients with LUAD and may
be beneficial for the postoperative hierarchical management of
patients with the disease.
Further work is required to strengthen the results obtained
in the present study. First, due to a lack of information on
disease recurrence or progression, the present study only
reported the analysis of the association between ILF3 expression and OS time. Additional work is required to establish
further associations with disease recurrence and progression.
Secondly, the prognostic value of ILF3 expression for patients
with LUAD requires further validation in more extensive
prospective multi‑center clinical trials, which may improve the
reliability of the prognostic nomogram based on ILF3 expression. Thirdly, the ILF3 expression level was not investigated in
patients with suspected LUAD and this requires further investigation. Furthermore, the present study lacked differentiation
data of patients in the validation set, which may have affected
the predictive accuracy of the nomogram, based on ILF3.
Finally, the role of ILF3 in the development and progression
of LUAD remains unclear, and further studies are required to
elucidate the underlying mechanisms.
Overall, the present study identified ILF3 as a predictor
of adverse prognosis in patients with LUAD. Furthermore,
determining the expression level of ILF3 may improve the
hierarchical post‑operative management of patients with
LUAD based on the TNM stage or tumor differentiation.
Moreover, the prognostic nomogram based on ILF3 expression and other risk factors presented a significant improvement
in the predictive accuracy of the survival time of patients with
LUAD compared with the model based on the TNM stage and
may avoid excessive medical treatment for patients with the
disease.
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