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Abstract
Background

Pancreatic ductal adenocarcinoma (PDAC) has a typical mucin expression pattern which is characterized
as MUC1 positive, MUC2 negative and MUC5 positive. Mounting evidence has shown that mucins are
involved in the development of pancreatic diseases. However, the correlation between mucin expression
and prognosis of PDAC patients is controversial over the decades; thus, we aim to �gure out the
association of mucin expression with survival among PDAC patients who underwent radical resection.

Methods

We performed immunohistochemistry to detect the expression of MUC1, MUC2 and MUC5 in 427 resected
PDAC specimens and got corresponding clinical statistics to conduct a retrospective study. Kaplan-Meier
methods and Mantel-Cox tests were used to compare the survival curves, and Cox regression model was
employed to make multivariate analyses and determine independent risk factors.

Results

Log-rank tests demonstrated that MUC1 absence is signi�cantly correlated with worse overall survival
(OS) (p = 0.0079). MUC2 expression showed marginal signi�cance in predicting shorter OS of PDAC
patients (p = 0.055), while MUC5 did not show prognostic value. Besides, MUC1 absence is associated
with increased proportion of stage III PDAC (p = 0.011). MUC1 absence and MUC2 expression are also
associated with tumor perineural aggression (p = 0.011 and p = 0.030). Multivariable adjusted hazard
ratio (HR) for mortality of MUC1 and MUC2 is 0.492 (95% CI: 0.274-0.883, p = 0.017) and 1.596 (95% CI:
1.061-2.401, p = 0.025) respectively.

Conclusions

MUC1 negative expression or MUC2 positive expression is independently associated with poor overall
survival among patients with resectable PDAC.

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a notorious malignancy with poor survival. PDAC has an
increasing incidence over the decades and is anticipated to be second top cancer killers in 20301.
However, there is only marginal improvement of the prognosis of PDAC; therefore, detecting prognostic
factors and potential therapy targets has a great importance for PDAC. Notably, PDAC is characterized by
aberrant glycosylation and stroma formation.

Mucins are a group of O-glycoproteins which are composed of a protein backbone and great quantities of
carbohydrate side chains with abundant threonine and serine2, and could be categorized into secretory
mucins and membrane-bond mucins3. Alteration of mucins are widely detected in epithelial neoplastic
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lesions such as PDAC, breast cancer, ovarian cancer and colon cancer4. Mucins are important markers for
recognizing tumour lineage and differentiating tumour subsets5; certain mucin expression pattern
indicates speci�c tumour type6 such as mucinous cystic neoplasms (MCN) and intraductal papillary
mucinous neoplasms (IPMN), which are potential precursors of PDAC. Strikingly, mucins are not only
bystanders but also culprits for PDAC tumorigenesis and development; apart from its prognostic value,
there is increasing evidence indicating that mucin are involved in the in�ammation and oncogenesis. 

MUC1, which is also known as carbohydrate antigen 15-3 (CA15-3), is the predominantly expressed
membrane-bound mucin in normal pancreatic duct cells, and PDAC commonly have an signi�cantly
elevated level of sialynated MUC17. MUC2 is secreted to form insoluble mucous gel barrier and generally
identi�ed as a tumour suppressor8, both normal pancreatic tissue and PDAC rarely have a positive
expression of MUC2. Another gel forming mucin MUC5, on the contrary, is abundantly overexpressed in
PDAC tissues and potentiates oncogenic signalling pathway9. Correspondingly, these aberrantly
glycosylated mucins can be recognized as tumour associated antigens, which could be employed as
useful predictors for the effectiveness of adjuvant therapy10,11 and potential targets for cancer therapy12.
For instance, MUC1 has epitopes for cytotoxic T lymphocytes13 and has the promise to develop cancer
vaccines or chimeric antigen receptor T cells14. 

Mucin expression pattern is altered throughout the progression and metastasis of PDAC9,15, and MUC1
positive, MUC2 negative and MUC5 positive have been considered as the typical mucin expression
pattern of PDAC16,17. However, there still exists a subgroup with atypical mucin expression pattern who
comprise approximately 20 to 30 percent of PDAC patients, and prior studies have inconsistent
conclusions about the association between mucin expression and PDAC patients’ survival. Investigating
subsets of PDAC patients contributes to developing precision oncology and targeted therapy in PDAC;
hence, it is of great importance to ascertain the correlation between atypical mucin expression and PDAC
development.

In this study, we used immunohistochemistry (IHC) to determine the expression of MUC1, MUC2, MUC5 in
resected PDAC tissues and analysed its correlation with clinicopathologic characteristics and
postoperative survival of patients in Chinese population.

Methods
Design and patients

Tumour specimens were obtained from 427 Chinese patients who underwent radical surgical resection
and had de�nite postoperative pathological diagnosis of PDAC from March 2012 to May 2017 in the
Department of Pancreatic Surgery Shanghai Cancer Center, Fudan University, China. Patients were
XXXXXXX
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Patients with following features were excluded: (1) patients without follow-up data; (2) patients with
multiple primary malignancies or secondary malignancies; (3) patients with pancreatic neoplasms other
than PDAC; (4) patients with haematological disorders; and (5) patients died within 90 days due to
surgical complications.

Baseline and clinicopathological characteristic data

Information about age, gender, tumour grade, tumour-node-metastasis (TNM) stage, tumour location,
status of perineural in�ltration, vascular invasion, diabetes mellitus history, carbohydrate antigen 19-9
(CA19-9) level and adjuvant therapy history were acquired from the patients’ medical history from
Shanghai Cancer Center. CA19-9 levels were collected according to the preoperative serum tests. Tumour
grade was assessed according to the �fth edition of the WHO Classi�cation of Tumours18 and was
reviewed by expert pathologists. Tumor-node-metastasis stage was determined based on the American
Joint Committee on Cancer (AJCC), 8th edition19, and tumour size, numbers of metastatic lymph nodes
and status of metastasis were recorded according to the histological pathological reports of resected
specimens. OS was de�ned as the length of time (days) from diagnosis to death from any cause (or the
last reliable follow-up). Follow-up ended in March 2021.

Immunohistochemistry

Tumour specimens acquired from operation were �xed in 10% formalin and embedded with para�n.
Then, tissue blocks were sectioned to 4-micron thick slices and mounted to slides. After depara�nization
and rehydration, 3% H2O2 was used to block endogenous peroxidase for 15 minutes. Then, antigen
retrieval was accomplished by heating slices for 10 minutes within Tris-EDTA buffer (pH = 9.0) and slides
were blocked in 2.5% goat serum for one hour.

Expression of mucin were detected by using following primary monoclonal antibodies (MAbs) which were
purchased from Abcam company: ab109185 (recombinant MAb to MUC1), ab134119 (recombinant Mab
to MUC2) and ab3649 (recombinant MAb to MUC5). Primary antibodies were diluted against 2.5% goat
serum according to instructions and were incubated with tumour tissue slides overnight at 4℃. The next
day, the sections were incubated with secondary antibodies (GTVisionTM III Detection System/Mo&Rb,
GK500710, Gene Tech Company) for one hour, then 3,3-diaminobenzidine was used to coloration with
counterstaining of hematoxylin. Sections were dehydrated in ethanol and xylene and re-embedded in
neutral resin before observation under microscopy.

Tumors were classi�ed into three histology grades according to their heterogeneity, differentiation level
and nuclear split phases: low grade, moderate grade and high grade. The expression of mucin was
classi�ed as negative or positive, and positive expression was only considered when positive reaction
products localized in the expected cellular component. One positive cell found was su�cient for
diagnosing positive mucin expression. Some of slides were excluded from following analysis because of
unsatisfactory tissue quality such as tissue tears or folds.
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The results of IHC were assessed by two experienced pathologists. When the two pathologists got
different results, the third pathologist participated in the discussion and came to the �nal conclusion or
abandoned uncertain results. The pathologists evaluating the MUC staining were blinded to patients’
outcomes to minimize bias.

Statistical analysis

Pearson’s χ2 test and Fisher’s exact test were used to analyse the correlations between mucin expression
and major baseline and clinicopathological characteristics. Kaplan-Meier method was used to plot
survival curves and Log-rank (Mantel-Cox) tests were used to compare the difference between groups.
Cox proportional hazard models and logistic regression models were used to made multivariate analyses,
and parameters with a p value less than 0.10 in the univariate analyses were included in the multivariate
analyses. All statistics were analysed by SPSS 26.0 software (SPSS, Inc., Chicago, IL). All p values are
two-sided and differences with p values less than 0.05 were considered statistically signi�cant.

The major objective of this research is to �gure out the correlation between mucin expression and OS of
PDAC patients in order to �nd risk factors for PDAC management and potential targets for future
treatment. Additional objective is �nding the associations between mucin expression and
clinicopathological features. This study was approved by the Ethics Board of Shanghai Cancer Center,
Fudan University, and all the involved patients provided informed consent for their personal data being
used for research purposes.

Results
Baseline and Clinicopathological characteristics

The median age of investigated patients was 61.9 years old (30 to 84 years old). Female comprised
42.9% of the cohort and male comprised the rest. Of all the 427 investigated PDAC specimens, 92.0%
(392/426) were MUC1 positive, 16.3% (69/424) were MUC2 positive and 88.6% (365/412) were MUC5
positive, which is coincident with the typical mucin expression pattern. Representative images of
immunohistology coloration are shown in Figure 1. Baseline and clinicopathological characteristics were
summarized in Table 1, Table 2 and Table 3. 

There were no statistical differences in terms of age, sex, tumour grade, tumour size, N stage, tumour
location, vascular invasion, and diabetes mellitus history when patients were strati�ed into subgroups by
MUC1 expression, MUC2 expression or MUC5 expression. Consequences with statistical signi�cance were
as followings: MUC1 absence was correlated with an upper proportion of TNM stage III PDAC (26.5%
versus 11.0%, p = 0.011), MUC1 absence and MUC2 expression denoted perineural in�ltration (p = 0.011
and p = 0.03, respectively).

MUC1 negative expression and MUC2 positive expression indicate shorter overall survival
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At the end of the follow-up period, 31.4% (134/427) of the investigated patients had died. The median
follow-up span was 414 days (21 to 1641 days). 

Patients without MUC1 expression had a shorter OS (Figure 2 a, p = 0.0079). The mean survival time of
MUC1 positive and negative patients was 1094 days (95% con�dence interval CI: 1016 to 1173 days) and
571 days (95% CI: 440 to 703 days) respectively. Death fraction for MUC1 positive and negative patients
was 30.3% and 44.1% respectively. Patients with MUC2 expression had a shorter OS with marginal
signi�cance (Figure 2  b, p = 0.0552). The mean survival time of MUC2 positive and negative patients
was 792 days (95% CI: 659 to 924 days) and 1108 days (95% CI: 1024 to 1193 days). Death fraction for
MUC2 positive and negative patients was 43.5% and 28.7% respectively. MUC5 absence tended to
correlate with short-term death, but was not signi�cantly associated with long-term survival (Figure 2 c, p
= 0.2714). 

MUC1 negative and MUC2 positive expression are independent risk factors for predicting PDAC patients’
overall survival

The results of univariate analysis were summarized in Table 4. Risk factors with a p value less than 0.1,
i.e. tumour grade, tumour stage, CA19-9 level, adjuvant chemotherapy, adjuvant radiotherapy, MUC1
expression and MUC2 expression, were integrated to make multivariate analysis.

Multivariable-adjusted Cox regression model showed that the HR for mortality comparing patients with to
those without MUC1 expression was 0.492 (95% CI: 0.274 to 0.883, p = 0.017), mortality comparing
patients with to those without MUC2 expression was 1.596 (95% CI: 1.061 to 2.401, p = 0.025). Therefore,
MUC1 negative and MUC2 positive expression were considered as independent risk factors for
prognosticating survival time of PDAC patients after surgical section.

High tumour grade, high tumour stage and not receiving adjuvant chemotherapy were also independently
correlated with increased mortality.

Discussion
PDAC is a malignancy characterized by high mortality and unsatisfactory survival. Its strikingly low 5-
year survival and high recurrence and metastasis rate necessitate the need to �nd reliable prognostic
markers, not only to predict patients’ survival but also help �nd potential therapy targets.

One remarkable hallmark of PDAC is abundant dense stroma20, which enriches multiple of aberrantly
expressed mucins and merit further investigation. Emerging roles of mucins are discovered in the
progression, development and metastasis of malignancies, including intestinal cancer, ovarian cancer
and haematological malignancies21. Overexpressed membrane-bound mucins interact with receptor
tyrosine kinases such as epidermal growth factor receptor (EGFR) and attenuate signalling pathways
downstream of transforming growth factor-α (TGF-α) and EGFR22; hence, play protective roles for cancer
cells. Therefore, membrane-bound MUC1 is generally recognized as an oncoprotein in epithelial
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cancers11,23. However, the function of MUC1 can be switched depending on its glycosylation status,
based on which MUC1 has a dual function of pro-in�ammatory and anti-in�ammatory factors24. In
addition, MUC1 absence is associated with altered tumour microenvironment (TME). MUC1 de�cient
PDAC exhibits signi�cant different immune reaction compared to wildtype PDAC in mice models25, MUC1
absence results in the proliferation and activation of myeloid-derived suppressor cells (MDSC) and
regulatory T cells (Treg), which correspond to immunosuppressive tumor microenvironment and is
responsible for tumor immune evasion26. Besides, transmembrane mucins contribute to the junction and
the polarity of epithelial cell, loss of which promotes malignant epithelial-mesenchymal transition (EMT)
and tumorigenesis, and downregulation of membrane-bound mucins doubtlessly reduces the
immunogenicity of tumor cells.

Secreted mucins, such as MUC2, form protective mucus barrier and help epithelial cells get rid of
in�ammation and tumorigenesis in physiological condition. Paradoxically, MUC2 has increased
expression level in certain types of gastrointestinal malignancies21,27, which denotes that MUC2 may also
be employed by cancer cells and function as mucous barrier against anti-tumour immune reaction. MUC5
is another secreted mucin and promotes KLF4 mediated PDAC cancerous stemness9. In addition, CA19-9,
the most commonly used prognostic marker for pancreatic cancerous disease, is present on the surface
of MUC1 and MUC520,28; With respect to the recent discovery that CA19-9 bolsters PDAC initiation and
progression29, the interaction between mucins and CA19-9 suggests that mucins are not merely
prognostic factors but also participate in the onset and advancement of PDAC.

Mice models and human studies re�ect that mucin expression pattern is changed throughout the
progression of PDAC15. MUC1 and MUC5 become the predominantly overexpressed mucins in pancreatic
malignancies3, and MUC2 is commonly believed to be absent in normal pancreatic tissue and PDAC30.
Nonetheless, there remains a subgroup of PDAC patients whose tumour specimens are either MUC1
negative, MUC2 positive or MUC5 negative, and this atypical subgroup accounts for 31.2% of the total
PDAC patients according to our cohort; hence, there raises the issue to investigate these PDAC patients
with atypical mucin expression for the purpose of fathoming out the association between mucin
expression and prognosis of PDAC patients.

However, prior researchers had contradictory conclusions about the correlation between mucin expression
and PDAC patients’ prognosis31. Mikiko Takikita et al investigated 120 well differentiated PDAC patients
and found MUC2 expression predicts shorter survival (hazard ratio, HR = 1.6)27, whereas  Francesco
Pantano et al researched 59 radically resected PDAC patients and drew the opposite conclusion that
MUC2 positive patients have longer survival, and MUC5 do not have prognostic value32.  Michiyo Higashi
et al examined 114 PDAC and proposed that MUC5 expression was associated with longer survival (HR =
0.6) whereas MUC1 and MUC2 did not show prognostic value16.  Jordan M. Winter analysed 137 PDAC
patients and found that MUC1 overexpression was predictive of early cancer-speci�c death, and MUC2
overexpression was associated with longer survival33.  Yuji Hinoda surveyed 70 advanced PDAC patients
and suggested that MUC1 expression indicates PDAC progression and shorter survival34. Seiya
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Yokoyama claimed that a patient subgroup with multinomial overexpression of MUC1, MUC2 and MUC4
had worse survival compared to the control cluster8.  Arne Westgaard investigated 67 patients and
showed that MUC1 or MUC4 expression is a risk factor for prognosis (HR = 2.02)35. 

Recent researches about MUC1 and PDAC patients’ survival are summarized in Table 5. The erratic
conclusions of these foregoing researches can be attributed to insu�cient investigated PDAC patients
and unexpected MUC1 positive rate, so their cohorts are not representative. Therefore, it is vital to use a
larger cohort to elucidate the correlation between mucin expression and clinical outcomes of PDAC
patients.

In this study, we used a relatively large cohort and discovered that MUC1 negative expression and MUC2
positive expression were associated with worse OS in PDAC patients. After controlling for age, gender,
tumour location, tumour grade, tumour stage, perineural invasion, vascular thrombi, diabetes mellitus
history, baseline CA19-9 serum level, adjuvant chemotherapy and adjuvant radiotherapy treatment history,
MUC1 negative expression and MUC2 positive expression were identi�ed as independent risk factors.
Although MUC5 did not show prognostic value, we noticed that MUC5 negative group had more death
event compared to MUC5 positive group in the early stage of following-up.

Our results resolve the aforementioned controversy, and conclusion of our study indicates that MUC1
absence is a risk factor for PDAC in Chinese population. Further study is demanded to clarify the effect of
MUC1 glycosylation status on PDAC. Our study also proposed that MUC2 positive expression predicts
worse survival in PDAC, which can be a clinical evidence of cancer cells exploiting MUC2 to form
protective mucous barrier to evade from immune attack. In conclusion, atypical mucin expression pattern,
i.e. MUC1 absence or MUC2 expression, prognosticates shorter OS time in PDAC patients.

Table 5. Prior studies about MUC1 expression and prognosis of PDAC patients.
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Researcher Number of
investigated
PDAC*

patients 

MUC1
positive
rate

Conclusion Journal and
year

PMID

Mikiko
Takikita et
al

154 90.3% 1, MUC1 expression is
associated with longer
survival in PDAC.

2, MUC1 expression is
associated with
shorter median
survival in well- and
moderately
differentiated PDAC.

Cancer
Research, 2009 19276352

 Jordan M.
Winter et
al

137 85.4% 1, MUC1 or MSLN*

expression is
associated with
shorter survival.

2. MUC2 expression is
associated with longer
survival

PLoS ONE,
2012 22792233

Michiyo
Higashi et
al

114 87.7% 1, MUC1, MUC2 MUC4
show no relationship
with any
clinicopathologic
features.

2, MUC5, MUC6,
MUC16 are prognostic
factors for PDAC
patients.

Pancreas, 2015
25906442

 Yuji
Hinoda et
al

70 55.8% MUC1 expression is
associated with worse
OS* in stage IV PDAC,
but not in stage III
PDAC

Journal of
Gastroenterol,
2003

14714254

Arne
Westgaard
et al

114 36.9% MUC1 or MUC4
expression predicts a
poorer prognosis

Histopathology,
2009 19236510

Seiya
Yokoyama
et al

271 31.7%
patients
in
cluster
1*

Patients of cluster 1
had worse survival
compared to the
others

Clinical cancer
research, 2020 31992588

PDAC: pancreatic ductal adenocarcinoma; MSLN: mesothelin; OS: overall survival; Cluster 1: patients with
multinomial overexpression of MUC1, MUC2 and MUC4 
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Our research has the strength of solely focusing on resected and pathologically diagnosed PDAC, which
makes our study more homogenous. In addition, our research has a relatively large cohort consisted of
427 PDAC patients, which makes our results more representative and convincing. The retrospective
design becomes the major limitation of our study. Besides, since our research is a surgical cohort,
patients with unresectable PDAC were excluded. We hope our clinical �ndings contribute to future
exploration of targeted therapy in PDAC.
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Tables
Table 1. Clinicopathological characteristics of PDAC patients strati�ed by MUC1 expression.
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variables MUC1 negative MUC1 positive P

Age, (n%)     0.303

<62 19(55.9%) 183(46.7%)  

≥62 15(44.1%) 209(53.3%)  

Sex, (n%)     0.110

Male 24(70.6%) 218(56.5%)  

Female 10(29.4%) 168(43.5%)  

Tumour grade, (n%)     0.534

Low  2(5.9%) 17(4.4%)  

Moderate 23(67.6%) 230(59.7%)  

High  9(26.5%) 138(35.8%)  

Tumour stage, (n%)     0.011

I 15(44.1%) 154(39.3%)  

II 10(29.4%) 195(49.7%)  

III 9(26.5%) 43(11.0%)  

T stage, (n%)     0.591

T1 8(23.5%) 67(17.1%)  

T2 19(55.9%) 225(57.4%)  

T3 7(20.6%) 100(25.5%)  

N stage, (n%)     0.499

N0 19(55.9%) 197(51.0%)  

N1 10(29.4%) 149(38.6%)  

N2 5(14.7%) 40(10.4%)  

Tumour location, (n%)     0.222

Head 20(58.8%) 210(54.4%)  

Body 13(38.2%) 174(45.1%)  

Tail 1(2.9%) 2(0.5%)  

Vascular invasion, (n%)     0.681

No 10(29.4%) 101(26.2%)  
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Yes 24(70.6%) 285(73.8%)  

Perineural in�ltration, (n%)     0.011

No 25 (73.5%) 342(88.6%)  

Yes 9(26.5%) 44(11.4%)  

Diabetes Mellitus, (n%)     0.226

No 26(76.5%) 326(84.5%)  

Yes 8(23.5%) 60(15.5%)  

Table 2. Clinicopathological characteristics of PDAC patients strati�ed by MUC2 expression.
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variables MUC2 negative MUC2 positive P

Age, (n%)     0.905

<62 167(47.0%) 33(47.8%)  

≥62 188(53.0%) 36(52.2%)  

Sex, (n%)     0.760

Male 201(57.4%) 41(59.4%)  

Female 149(42.6%) 28(40.6%)  

Tumour grade, (n%)     0.171

Low  13(3.7%) 6(8.7%)  

Moderate 214(61.3%) 38(55.1%)  

High  122(35.0%) 25(36.2%)  

Tumour stage , (n%)     0.699

I 143(40.3%) 26(37.7%)  

II 167(47.0%) 36(52.2%)  

III 45(12.7%) 7(10.1%)  

T stage, (n%)     0.730

T1 64(18.0%) 10(14.5%)  

T2 204(57.5%) 40(58.0%)  

T3 87(24.5%) 19(27.5%)  

N stage, (n%)     0.746

N0 182(52.0%) 33(47.8%)  

N1 130(37.1%) 29(42.0%)  

N2 38(10.9%) 7(10.1%)  

Tumour location, (n%)     0.407

Head 191(54.6%) 39(56.5%)  

Body 158(45.1%) 29(42.0%)  

Tail 1(0.3%) 1(1.4%)  

Vascular invasion, (n%)     0.830

No 92(26.3%) 19(27.5%)  
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Yes 258(73.7%) 50(72.5%)  

Perineural in�ltration, (n%)     0.030

No 312(89.1%) 55(79.7%)  

Yes 38(10.9%) 14(20.3%)  

Diabetes Mellitus, (n%)     0.174

No 297(84.9%) 54(78.3%)  

Yes 53(15.1%) 15(21.7%)  

Table 3. Clinicopathological characteristics of PDAC patients strati�ed by MUC5 expression.
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variables MUC5AC negative MUC5AC positive P

Age, (n%)     0.486

<62 20(42.6%) 175(47.9%)  

≥62 27(57.4%) 190(52.1%)  

Sex, (n%)     0.145

Male 32(68.1%) 205(56.9%)  

Female 15(31.9%) 155(43.1%)  

Tumour grade, (n%)     0.120

Low  0(0.0%) 19(5.3%)  

Moderate 26(55.3%) 220(61.3%)  

High  21(44.7%) 120(33.4%)  

Tumour stage, (n%)     0.067

I 19(40.4%) 146(40.0%)  

II 27(57.4%) 170(46.6%)  

III 1(2.1%) 49(13.4%)  

T stage, (n%)     0.958

T1 8(17.0%) 63(17.3%)  

T2 28(59.6%) 210(57.5%)  

T3 11(23.4%) 92(25.2%)  

N stage, (n%)     0.084

N0 21(44.7%) 189(52.5%)  

N1 24(51.1%) 130(36.1%)  

N2 2(4.3%) 41(11.4%)  

Tumour location, (n%)     0.058

Head 20(42.6%) 203(55.6%)  

Body 26(55.3%) 156(43.3%)  

Tail 1(2.1%) 1(0.3%)  

Vascular invasion, (n%)     0.345

No 10(21.3%) 100(27.8%)  
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Yes 37(78.7%) 260(72.2%)  

Perineural in�ltration, (n%)     0.354

No 39(83.0%) 316(87.8%)  

Yes 8(17.0%) 44(12.2%)  

Diabetes Mellitus, (n%)     0.097

No 36(76.6%) 309(85.8%)  

Yes 11(23.4%) 51(14.2%)  

Table 4. Univariate and multivariate analyses of overall survival with mucins expression and
clinicopathological characteristics.
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Characteristics

 

Parameters Univariate Analysis Multivariate Analysis
(Enter Method)

HR 95% CI p
value

HR 95% CI p
value

Age < Median (63
years)

1          

≥ Median (63
years)

1.051 0.747 to
1.478

0.776      

Sex Male 1          

Female 1.061 0.752 to
1.496

0.737      

Tumour Location Head and Neck of
Pancreas

1          

Body of Pancreas 0.970 0.686 to
1.372

0.865      

  Tail of Pancreas 2.212 0.542 to
9.028

0.268      

Tumour Grade Grade I 1     1    

Grade II 2.002 0.630 to
6.366

0.240 1.911 0.596 to
6.128

0.276

Grade III 3.631 1.136 to
11.605

0.030 3.353 1.040 to
10.806

0.043

Tumour Stage Stage I 1     1    

Stage II 1.725 1.176 to
2.532

0.005 1.522 1.031 to
2.245

0.034

Stage III 1.918 1.113 to
3.307

0.019 1.620 0.919 to
2.856

0.095

Perineural
Invasion

No 1          

Yes 0.825 0.495 to
1.372

0.458      

Vascular Tumour
Thrombi

No 1          

Yes 0.811 0.556 to
1.182

0.276      

Diabetes Mellitus No 1          

Yes 0.993 0.610 to
1.614

0.976      

CA19-9 Level < Median (188.6 1     1    
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U/ml)

≥ Median (188.6
U/ml)

1.519 1.077 to
2.143

0.017 1.391 0.978 to
1.980

0.067

Adjuvant
Chemotherapy

Yes 1     1    

No 2.032 1.367 to
3.022

<
0.001

2.055 1.369 to
3.085

 

0.001

Adjuvant
Radiotherapy

Yes 1     1    

No 1.937 0.983 to
3.816

0.056 1.621 0.810 to
3.244

0.173

MUC1 negative 1          

  positive 0.488 0.284 to
0.839

0.009 0.492 0.274 to
0.883

0.017

MUC2 negative 1          

  positive 1.479 0.988 to
2.214

0.057 1.596 1.061 to
2.401

0.025

MUC5 negative 1          

  positive 0.761 0.466 to
1.241

0.273      

Figures
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Figure 1

Representative immunohistochemical coloration of mucin expression in PDAC tissues.

(a, b) Representative images of MUC1 positive and negative expression in PDAC tissues, MUC1 positive
expression are only considered when positive coloration located in the apical membrane of PDAC cells; (c,
d) Representative images of MUC2 positive and negative expression in PDAC tissues, MUC2 positive
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expression are only considered when positive coloration located in the cytoplasm of PDAC cells. (e, f)
Representative images of MUC5 positive and negative expression in PDAC tissues, MUC5 positive
expression are only considered when positive coloration located in the cytoplasm of PDAC cells.

Abbreviations: PDAC, pancreatic ductal adenocarcinoma

Figure 2

Survival curves of PDAC patients in relation to mucin expression according to Kaplan-Meier’s method.

(a) MUC1 negative patients (n = 34) had worse survival compared to MUC1 positive patients (n = 392).
(b) MUC2 positive patients (n = 69) tended to survive a shorter time compared to MUC2 negative patients
(n = 355). (c) there was no statistical signi�cance of overall survival between the subgroups strati�ed by
MUC5 expression (n = 365 and n = 47 respectively). 
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