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Abstract: To investigate the expression of homeobox B (Hoxb)-13 and analyze its relationship with tumor angiogen-
esis, epithelial-mesenchymal transition (EMT)-associated markers (E-cadherin and vimentin), clinicopathologic data 
and prognosis in pancreatic carcinoma. Immunohistochemistry was applied to determine the level of Hoxb-13 ex-
pression in tumor tissues and surrounding non-tumor tissues from 85 subjects with pancreatic carcinoma. Besides, 
vascular endothelial growth factor (VEGF), CD31, E-cadherin and vimentin were also detected in tumor tissues by 
immunostaining. We found that the level of Hoxb-13 expression was significantly higher in pancreatic carcinoma 
tissues than in paracarcinomatous tissues (P < 0.05). Hoxb-13 staining was positively correlated with VEGF (r = 
0.429, P < 0.001) and microvessel density (MVD) (r = 0.454, P < 0.001). Likewise, Hoxb-13 staining was positively 
correlated with vimentin (r = 0.448, P < 0.001); while it was negatively correlated with E-cadherin (r = -0.405, P < 
0.001). High Hoxb-13 expression was associated with aggressive clinicopathological characteristics, worse disease-
free survival (DFS) (P < 0.001) and worse overall survival (OS) (P < 0.001). Multivariate analysis showed that Hoxb-
13 was an independent predictor for poor DFS (P < 0.001) and OS (P = 0.002). In conclusion, our data show that 
overexpressed Hoxb-13 is correlated with tumor angiogenesis, aberrant expression of EMT-associated markers 
and aggressive clinicopathological characteristics, and serves as a promising marker for unfavourable prognosis in 
pancreatic carcinoma.
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Introduction

Homeobox (Hox) gene family encodes a variety 
of homeodomain-containing transcription fac-
tors which perform important roles in embryo-
genesis during development via regulation of 
cell proliferation and differentiation [1]. 39 Hox 
genes of mammals have been confirmed and 
they consisted of 4 paralogous clusters (Hoxa, 
Hoxb, Hoxc and Hoxd) on autosomal chromo-
somes [2]. Expression of Hox genes has been 
observed in sorts of adult tissues of humans, 
where they play important roles in maintaining 
homeostasis [3]. Interestingly, aberrant expres-
sion of Hox gene family has been suggested in 
hematologic malignancies and several solid 
tumors, including pancreatic carcinoma [4-6]. 

Homeobox B (Hoxb)-13 is a crucial regulator of 
cellular differentiation and organogenesis dur-
ing embryonic development; its gene is an 
important member of Hox gene family, which 
locates in chromosomal region 17q21.3, 
approximately 70 kb upstream of the Hoxb gene 
cluster [7]. There are reports that the Hoxb-13 
gene is implicated in the risk, development and 
biology of tumor [8, 9]. Some studies have 
described that Hoxb-13 is overexpressed in 
various malignancies such as prostate carcino-
ma [10-12], hepatocellular carcinoma [13], 
female genital organ tumor [14-18] and mam-
mary cancer [19, 20], indicating it plays a vital 
role in oncogenesis and progression of tumor. 
Nevertheless, the Hoxb-13 may act as a tumor 
inhibitor in colorectal neoplasms [21, 22], mela-
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nocarcinoma [23], and so forth; suggesting its 
gene inactivation may contribute to tumo- 
rigenesis.

Pancreatic carcinoma is one of the most lethal 
solid malignant tumors and the fourth leading 
cause of cancer-related deaths in the United 
States [24]. Due to the aggressive features and 
rapid progression of the disease, the patients 
show a gloomy prognosis with an average 
5-year survival rate of below 5% [25, 26]. 
Operation remains the only effective means for 
cure. Unfortunately, the majority of patients are 
advanced stage at the first time of detection; 
any current treatment is noneffective or unfea-
sible due to local aggression and distant 
metastasis. Therefore, seek sensitive and spe-
cific biomarkers are useful for diagnosing the 
early stage of pancreatic carcinoma and pre-
dicting an unfavourable prognosis is of primary 
importance. Although some studies have 
described Hoxb-13 as a promising biomarker 
for tumor growth, invasiveness and metastasis 
in some types of human malignancies, there is 
no report about the expression of Hoxb-13 in 
pancreatic carcinoma and its potential clinical 
value.

Hence, in order to elucidate the level of Hoxb-
13 expression and its relationship with tumor 
angiogenesis, tumor angiogenesis, epithelial-
mesenchymal transition (EMT)-associated 
markers in pancreatic carcinoma, immunos-

taining of Hoxb-13, vascular endothelial growth 
factor (VEGF), CD31, E-cadherin and vimentin 
were performed; and the correlations of Hoxb-
13 staining with VEGF, microvessel density 
(MVD), E-cadherin and vimentin were evaluat-
ed. Additionally, the relations of Hoxb-13 
expression with clinicopathologic features and 
prognosis of the patients were also analyzed in 
this work.

Materials and methods

Specimens and clinicopathological data

We collected 85 patients who had undergone 
curative resection between 2007 and 2011 at 
the Affiliated Provincial Hospital of Anhui 
Medical University. Those patients do not 
receive any anticancer treatment before sur-
gery, and the diagnosis of pancreatic carcino-
ma was confirmed by postoperative pathology. 
Tumor tissues were obtained from each patient; 
it is difficult to obtain normal pancreatic speci-
mens from healthy subjects because they can-
not undergo surgical operation, the correspond-
ing paracarcinomatous tissues were thus 
obtained from each patient. Informed consent 
was obtained from all patients, and the study 
was carried out with the Helsinki Declaration 
and approval of the Human Research Ethics 
Committee.

The clinicopathologic data were collected by 
retrospective medical records, which consisted 

Figure 1. Immunohistochemical staining for Hoxb-13, VEGF, E-cadherin and vimentin. The Hoxb-13 and VEGF were 
principally localised in cytoplasm of tumor cells with varying staining intensity and percentage; the E-cadherin lo-
calised in cytomembrane of cells; the vimentin mainly located in cytoplasm and cytomembrane of interstitial fibro-
blasts. A: Negative Hoxb-13 expression. B: Positive Hoxb-13 expression. C: Negative VEGF expression. D: Positive 
VEGF expression. E: Positive E-cadherin expression. F: Negative E-cadherin expression. G: Negative vimentin expres-
sion. H: Positive vimentin expression. All images were taken at 200× magnification.
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of age, gender, tumor size, tumor location, his-
tological grade, perineural invasion, lymph 
node metastasis (LNM), distant metastasis, 
tumor-node-metastasis (TNM) stage and pre-
operative serum carbohydrate antigen19-9 
(CA19-9) concentrations. The 85 patients 
included 45 males and 40 females with a mean 
age of 54.5 years (range 35-75 years). Tumor 
histological grade was defined according to the 
WHO classification [27]; and tumor stage was 
performed according to the International Union 
against Cancer (UICC) tumor-node-metastasis 
(TNM) classification [28]. Survival data includ-
ing disease-free survival (DFS) and overall sur-
vival (OS) were obtained from all patients. 
Follow-up data were available and the mean 
follow-up period was 14 months (range 3-30 
months). 

Immunohistochemical staining

Specimens were fixed in 10% formaldehyde, 
embedded in paraffin wax and cut into 4-μm 
serial sections. Slides were deparaffinized in 
xylene, rehydrated in graded alcohol (100%, 
95% and 75%, respectively) and washed with 
phosphate buffered saline (PBS). Antigen 
retrieval was implemented using microwave 
heating method in 0.01 mol/L citrate buffer (pH 
6.0) for 20 minutes in afterwards. Then, endog-
enous peroxidase activity was quenched in 3% 
hydrogen peroxide. Next, sections were sepa-
rately incubated with primary polyclonal rabbit 
antibody against Hoxb-13 (Zhongshan Jinqiao 
Co., Beijing, China), VEGF (Beijing Biosynthesis 

Biotechnology, Beijing, China), CD31 (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), 
E-cadherin (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) or vimentin (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) at 4°C 
overnight. The sections were incubated with 
biotinylated secondary antibody (mouse IgG; 
Zhongshan Jinqiao Co., Beijing, China) for 10 
minutes at 37°C after washing. Subsequently, 
immunostaining was visualized with 0.6 mg/mL 
3, 3-diaminobenzidine substrate. Finally, after 
counterstaining with hematoxylin, the sections 
were successively dehydrated and mounted. 
The negative controls were performed by omit-
ting the primary antibodies.

Semi-quantitative assessment

Immunohistochemical results of Hoxb-13, 
VEGF, E-cadherin and vimentin were semi-
quantitatively assessed according to the per-
centage of stained cells (range, 0-3; < 10% 
score 1, 10-50% score 2, > 50% score 3) and 
intensity of staining (range, 0-3; 0 absent, 1 
weak, 2 moderate, 3 strong). A final total score 
≤ 3 was considered to be a low expression, and 
> 3 was defined as a high expression. 
Measurement of MVD was conducted after 
staining for CD31. The microvessels were cal-
culated applying 3 to 6 fields (×200); then the 
maximum value of microvessels was ascer-
tained (×400) in each tissue section. All results 
were assessed by two well-practiced and expe-
rienced pathologists who without knowing clini-
copathologic data and the results of each other. 
A consensus was reached by common views for 
all differences.

Table 1. Correlations of Hoxb-13 expression with 
VEGF, MVD, E-cadherin and vimentin in pancreatic 
carcinoma tissues

Immunoreactivity
Hoxb-13 expression

Low High r p-value
VEGF expression Low 14 7 0.429 < 0.001

High 13 51
MVD value Low 21 17 0.454 < 0.001

High 6 41
E-cadherin expression Low 13 50 -0.405 < 0.001

High 14 8
Vimentin expression Low 18 9 0.448 < 0.001

High 12 46
Homeobox, Hoxb; VEGF, vascular endothelial growth factor; 
MVD, microvessel density. The MVD was calculated after stain-
ing for CD31.The MVD was categorized as either low or high 
based on the median value of 15.

Figure 2. Representative section of MVD in pancre-
atic carcinoma tissues by CD31 staining (×200).
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Statistical analysis

Continuous data were presented as mean ± 
standard deviation (SD). The immunohisto-
chemical results were analyzed using chi-
square test. The relationships between Hoxb-
13 expression status and clinicopathological 
parameters of the patients were assessed by 
the chi-square test or Fisher’s exact test. The 
correlations of Hoxb-13 with VEGF, MVD, 
E-cadherin and vimentin were assessed apply-
ing the chi-square test and Spearman’s correla-
tion test. Kaplan-Meier survival analysis and 
the log-rank test were applied to evaluate the 
relationship between the level of Hoxb-13 
expression and survival time of the patients. 
Multivariate analysis was performed using the 
Cox proportional hazards regression model to 
determine the independent predictors that 
were significant in univariate analysis. All 
Statistical analyses were performed applying 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, 
USA), and a value of P < 0.05 was considered 
statistically significant. 

In contrast, high E-cadherin expression was 
only detected in 22 of 85 carcinoma specimens 
(25.9%; Figure 1E, 1F). Spearman’s rank corre-
lation test showed a strongly negative correla-
tion between Hoxb-13 and E-cadherin expres-
sion in carcinoma specimens (r = -0.405, P < 
0.001; Table 1).

It is similar to the VEGF in the levels of expres-
sion, high vimentin expression was found in 58 
of 85 carcinoma tissues (68.2%; Figure 1G, 
1H). Spearman’s rank correlation test showed 
a strongly positive correlation between Hoxb-
13 and vimentin expression in carcinoma tis-
sues (r = 0.448, P < 0.001; Table 1). 

Association between Hoxb-13 expression and 
MVD in pancreatic carcinoma tissues

CD31 staining (Figure 2) was performed to cal-
culate the MVD value and evaluate the associa-
tion between Hoxb-13 and MVD in pancreatic 
carcinoma tissues. The mean MVD was 15.5 
per field (median, 15; ranged, 3 to 37 per field). 
The high Hoxb-13 expression had a significantly 

Table 2. Correlations between Hoxb-13 expression and 
clinicopathological characteristics
Clinicopathological 
characteristics

Hoxb-13 expression
NO. of cases Low High p-value

Age (years) < 60 38 11 27 0.616
≥ 60 47 16 31

Gender Male 45 13 32 0.546
Female 40 14 26

Tumor diameter < 20 mm 36 11 25 0.837
≥ 20 mm 49 16 33

Tumor location Head 40 11 29 0.426
Body/tail 45 16 29

Histological grade Mod-poor 53 3 50 < 0.001
Well 32 24 8

Perineural invasion Absent 29 21 8 < 0.001
Present 56 6 50

LNM Absent 28 19 9 < 0.001
Present 57 8 47

Distant metastasis Absent 35 21 14 < 0.001
Present 50 6 44

TNM stage I-II 25 16 9 < 0.001
III-IV 60 11 49

Serum CA19-9 ≤ 37 U/ml 27 16 11 < 0.001
> 37 U/ml 58 11 47

Homeobox, Hoxb; LNM, lymph node metastasis; TNM, tumor-node-metas-
tasis; CA19-9, carbohydrate antigen19-9.

Results

Hoxb-13 expression in pancreatic car-
cinoma tissues and paracarcinoma-
tous tissues

Immunostaining was applied to mea-
sure the expression of Hoxb-13 in pan-
creatic carcinoma tissues and paracar-
cinomatous tissues from the 85 
patients. The results indicated that 
Hoxb-13 expression was significant 
higher (P = 0.027) in carcinoma speci-
mens (58/85, 68.2%) than in paracar-
cinomatous specimens (19/85, 22.4%). 
Representative photographs for immu-
nostaining are shown in Figure 1A, 1B.

Relationship of Hoxb-13 with VEGF, 
E-cadherin and vimentin in pancreatic 
carcinoma tissues

High VEGF expression was found in 64 
of 85 carcinoma samples (75.3%; 
Figure 1C, 1D). Spearman’s rank corre-
lation test showed a significantly posi-
tive association between Hoxb-13 and 
VEGF expression in carcinoma samples 
(r = 0.429, P < 0.001; Table 1).



Immunohistochemical analysis of Hoxb-13 in pancreatic carcinoma

6923	 Int J Clin Exp Pathol 2015;8(6):6919-6927

greater MVD value (17.2±6.1 vs. 11.7±4.4; P < 
0.001) than low Hoxb-13 in tumor tissues. The 
MVD ≥ the median value 15 was considered as 
high MVD, while the MVD < 15 which was 
regarded as low MVD. Spearman’s rank correla-
tion test also revealed that Hoxb-13 expression 
was positively associated with MVD (r = 0.454, 
P < 0.001; Table 1).

Correlation of Hoxb-13 expression with clinico-
pathological parameters

As shown in Table 2, Hoxb-13 expression was 
significantly correlated with histological grade 
(P < 0.001), perineural invasion (P < 0.001), 
LNM (P < 0.001), distant metastasis (P < 
0.001), TNM stage (P < 0.001) and preopera-
tive serum CA19-9 (P < 0.001). However, there 
was no significant association between Hoxb-
13 expression and other parameters including 
age, gender, tumor size, tumor location.

Survival analyses

The survival curves (Figure 3) were constructed 
using Kaplan-Meier method to compare the 
DFS and OS between high Hoxb-13 expression 
and low Hoxb-13 expression in the patients. 
The log-rank test showed that the patients with 
high Hoxb-13 expression (7.0 months) had a 
significantly decreased DFS compared to that 
with low Hoxb-13 expression (18.0 months; P < 

0.001). Likewise, high Hoxb-13 expression 
(11.0 months) had a shorter OS than low Hoxb-
13 expression (28.0 months; P < 0.001) in 
patients with pancreatic carcinoma.

Univariate analysis suggested that Hoxb-13 
expression, histological grade, perineural inva-
sion, LNM, distant metastasis, TNM stage and 
preoperative serum CA19-9 had significantly 
prognostic influence on DFS and OS (Table 3). 
Multivariate survival analysis revealed that 
Hoxb-13 expression as an independent predic-
tive factor for DFS [hazard ratio (HR) 18.221; 
95% confidence interval (CI) 4.269-82.543; P < 
0.001] and OS (HR 9.858; 95% CI 2.248-
43.225; P = 0.002). Besides, histological grade 
and serum CA19-9 were also independent pre-
dictive factors for prognosis (Table 4).

Discussion

The present study first demonstrated the 
expression and clinical significances of Hoxb-
13 in pancreatic carcinoma. The Hoxb-13 was 
overexpressed in pancreatic carcinoma tissues 
compared with paracarcinomatous tissues. 
Statistical analysis suggested that the levels of 
Hoxb-13 expression were dramatically higher in 
tumors with aggressive clinicopathological 
characteristics such as poor histological grade, 
perineural invasion, LNM, distant metastasis, 
advanced TNM stage and higher preoperative 

Figure 3. Kaplan-Meier analysis of disease-free survival (DFS) and overall survival (OS) in patients with pancreatic 
carcinoma according to Hoxb-13 staining. The patients with high Hoxb-13 expression had a shorter DFS (A) and OS 
(B) than those with low Hoxb-13 expression (n = 85; P < 0.001; log rank test).
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serum CA19-9 levels. Besides, Hoxb-13 expres-
sion was positively correlated with VEGF and 
MVD. Likewise, Hoxb-13 expression was posi-
tively correlated with vimentin; while it was neg-
atively correlated with E-cadherin. Furthermore, 
overexpressed Hoxb-13 was correlated with 
worse prognosis, as an independent predictor 
for poor prognosis in patients with pancreatic 
carcinoma.

There is already mounting evidence that upreg-
ulated Hoxb-13 plays a pivotal role in tumori-
genesis, infiltration, migration and apoptosis. 
Kim et al. [9] suggested that Hoxb-13 enhances 
the ability of invasion and metastasis via reduc-
ing intracellular zinc levels and increasing 
nuclear factor kappa B (NF-κB) signals in pros-
tatic carcinoma. Miao et al. [16] reported that 
Hoxb-13 collaborates with activated ras to 
markedly promote ovarian carcinoma growth in 

prominent role in both physiological and patho-
logical angiogenesis, regulates and maintains 
the tumor angiogenesis [31]. Certainly, the role 
of VEGF in tumor angiogenesis has been shown 
[32-34]. For instance, Mukozu et al. [32] sug-
gested that the levels of serum VEGF might be 
a useful indicator of hepatocellular carcinoma 
in cirrhosis patients with background of hepati-
tis C virus, while serum VEGF levels could pre-
dict respectively the tumor type and vascular 
invasion in hepatocellular carcinoma. Yu et al. 
[33] showed that VEGF has a stimulative effect 
on angiogenesis of gastric cancer tissue and 
plays a significant part in tumor generation and 
metastasis. Moreover, Yao et al. [34] demon-
strated that the VEGF and MVD were useful pre-
dictors for vascular invasion and metastasis of 
hepatocellular carcinoma. These showed that 
the VEGF and MVD can be used as predictive 
factors for tumor angiogenesis and progres-

Table 3. Univariate analysis of factors associated with DFS and 
OS

Variables

DFS OS
Median 
survival 
time (m)

p-value
Median 
survival 
time (m)

p-value

Hoxb-13 expression Low 18 < 0.001 28 < 0.001
High 7 11

Age (years) < 60 9 0.462 11 0.309
≥ 60 10 20

Gender Male 9 0.475 15 0.496
Female 9 20

Tumor diameter < 20 mm 9 0.982 21 0.574
≥ 20 mm 9 14

Tumor location Head 9 0.853 20 0.528
Body/tail 9 15

Histological grade Mod-poor 7 < 0.001 11 < 0.001
Well 16 27

Perineural invasion Absent 15 < 0.001 28 < 0.001
Present 8 11

LNM Absent 15 < 0.001 24 0.005
Present 8 11

Distant metastasis Absent 15 < 0.001 25 < 0.001
Present 7 11

TNM stage I-II 14 < 0.001 25 0.001
III-IV 8 13

Serum CA19-9 ≤ 37 U/ml 11 0.018 24 0.050
> 37 U/ml 8 14

Homeobox, Hoxb; LNM, lymph node metastasis; TNM, tumor-node-metastasis; 
CA19-9, carbohydrate antigen19-9; DFS, disease-free survival; OS, overall sur-
vival.

vivo and confers resistance to 
tamoxifen-mediated apoptosis. 
Nevertheless, Jung et al. [21] 

suggested that the expression of 
Hoxb-13 is diminished in colorec-
tal carcinoma and downregulat-
ed mechanism is mediated 
through the regulation of T-cell 
factor-4 (TCF4) protein stability. 
These inconsistent findings indi-
cated that Hoxb-13 may serve a 
dual function according to the 
different types of tumors. For the 
current study, our data showed 
that level of Hoxb-13 expression 
was significantly higher in carci-
noma tissues than in paracarci-
nomatous tissues. Moreover, we 
found that the levels of Hoxb-13 
expression were significantly 
higher in tumor specimens with 
aggressive clinicopathologic fea-
tures. These findings collectively 
indicate that high Hoxb-13 
expression plays an important 
role in the development of pan-
creatic carcinoma.

Angiogenesis is considered to be 
closely associated with tumor 
growth, invasion, metastasis and 
decreased survival, including 
pancreatic carcinoma [29, 30]. 
VEGF is one of the important 
angiogenic factors, which plays a 
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sion. Therefore, we quantified the levels of 
VEGF and MVD in pancreatic carcinoma tissues 
to estimate whether there is an association 
between overexpressed Hoxb-13 and tumor 
angiogenesis. We found that tumors with high 
Hoxb-13 expression had higher MVD than 
those with low Hoxb-13. Spearman’s rank cor-
relation test showed that Hoxb-13 expression 
was significantly and positively correlated with 
VEGF and MVD. These results suggested that 
Hoxb-13 plays a crucial role in tumor progres-
sion, and might be implicated in VEGF-mediated 
tumor angiogenesis in pancreatic carcinoma.

E-cadherin is a member of the epithelial cad-
herin family of glycoproteins which involved in 
Ca2+-dependent cells adhesion and assembly 
of different or identical cell types during tissue 
construction of organ and morphogenesis [35]. 
Decreasing E-cadherin promotes EMT event is 
well recognized in many solid tumors, including 
pancreatic carcinoma [36]. Vimentin is a major 
intermediate filament protein of mesenchymal 
cells, which plays a crucial role in the develop-
ment, invasion and metastasis in tumor; and 
increasing expression of vimentin contributes 
to EMT event has also been showed in pancre-
atic carcinoma [37]. During EMT, tumor cells 
lose own epithelial traits and acquire character-
istics of mesenchymal cells so that malignancy 
can rapidly progress [38]. Thus, EMT is regard-
ed as a significant event in process of tumor 
progression to invasive, metastatic carcinoma. 
Excitingly, in this work, Spearman’s rank corre-
lation test suggested a negative correlation 
between Hoxb-13 and E-cadherin expression. 
Additionally, Spearman’s rank correlation test 
showed a strongly positive correlation between 
Hoxb-13 and vimentin expression. Therefore, 
up-regulated Hoxb-13 is closely linked to abnor-
mal expression of EMT-associated markers; 
which indirectly shows that the Hoxb-13 plays a 
crucial role in the invasiveness and metastasis 
of pancreatic carcinoma, and may be involved 

in E-cadherin-mediated or vimentin-mediated 
EMT event. 

With respect to prognosis, our findings showed 
that patients with high Hoxb-13 expression had 
a significantly reduced survival time relative to 
patients with low Hoxb-13 expression. 
Furthermore, multivariate survival analysis indi-
cated that high Hoxb-13 expression was an 
independent predictor of poor prognosis. The 
results were consistent with a previous report 
that the high Hoxb-13 expression showed a 
shorter survival than low Hoxb-13 and was an 
independent factor of poor prognosis in 
patients with hepatocellular carcinoma [13]. 
Therefore, these findings suggested that high 
Hoxb-13 expression had an adverse effect on 
outcome of patients with pancreatic carcino-
ma, and may be used for a valuable prognostic 
biomarker.

We have to acknowledge the limitations of the 
study. It is a typical single-centre study with the 
major shortcoming that is a relatively small 
sample size, and has a retrospective design 
with a potential selection bias. In addition, this 
work lacks the performance of other well-
designed methods such as gene transfection, 
gene knock-out, cell invasion assay, cell migra-
tion assay, etc. Therefore, more randomized 
and multicentric prospective studies with a 
larger cohort of participants and more elabo-
rate techniques are needed to support our 
findings.

In conclusion, our findings suggest that Hoxb-
13 is overexpressed in pancreatic carcinoma 
tissues. Overexpressed Hoxb-13 is correlated 
with tumor angiogenesis, aberrant expression 
of EMT-associated markers and aggressive 
clinicopathological characteristics, and serves 
as an independent prognostic biomarker for 
poor prognosis in pancreatic carcinoma. These 
findings contribute to provide a new strategy for 
the treatment of pancreatic carcinoma and 

Table 4. Multivariate analysis of factors associated with DFS and OS

Variables
DFS OS

HR 95% CI p-value HR 95% CI p-value
Hoxb-13 expression (low vs. high) 18.221 4.269-82.543 < 0.001 9.858 2.248-43.225 0.002
Histological grade (mod-poor vs. well) 0.226 0.091-0.560 0.001 0.441 0.201-0.968 0.041
Serum CA19-9 (≤ 37 U/ml vs. > 37 U/ml) 0.435 0.207-0.914 0.028 0.627 0.295-1.331 0.224
Homeobox, Hoxb; CA19-9, carbohydrate antigen19-9; DFS, disease-free survival; OS, overall survival; HR, hazard rate; CI, 
confidence interval.
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thereby further prolong survival time of the 
patients.
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