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Abstract

Galectin-3 plays an important role in cell-cell adhesion, macrophage activation, an-
giogenesis, metastasis and apoptosis and is overexpressed in pancreatic cancer. We
explored the importance of galectin-3 in the screening, early diagnosis, prognosis
and therapeutic effect evaluation of pancreatic cancer. A time-resolved fluorescence
immunoassay was performed to detect serum galectin-3 level. Serum samples were
collected from healthy controls and patients with pancreatic cancer before and after
different treatments, and the relationships between galectin-3 level and clinical pa-
rameters were analysed. Among the healthy controls, one individual with an abnor-
mally high concentration of galectin-3 (9.85 pg/L) was diagnosed with pancreatic
cancer. Compared to the pre-operative level, galectin-3 concentration significantly
decreased in patients with radical excision 1 month after surgery (P < .05), but showed
no obvious change in patients who underwent palliative resection. Additionally,
among patients with radical excision, carcinoma recurrence rate was significantly
higher in those with increased or unchanged galectin-3 level. Retrospective analysis
revealed the extraordinarily high value and high specificity of galectin-3 for predict-
ing 3-year survival (P < .001). Thus, galectin-3 may serve as a potential biomarker for
the screening and early diagnosis of pancreatic cancer and as an independent prog-

nostic indicator in patients with pancreatic cancer.
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1 | INTRODUCTION

Pancreatic cancer is a common malignant tumour of the digestive
system. While the incidence of pancreatic cancer is increasing year
by year, the associated mortality rate is predicted to rise and become
the second highest among all malignant tumours by 2030.! Given the
high degree of malignancy, poor prognosis, low survival rate and lack
of clinical features, the diagnosis and treatment of pancreatic can-
cer are extremely difficult. At present, surgical resection combined
with post-operative chemotherapy is the most effective regimen
for pancreatic cancer treatment, but early diagnosis is still a serious
concern. Tumour infiltration and distant metastasis may result in re-
duced surgical resection rate and poor response to chemotherapy.?®
Prognosis is greatly improved upon cancer diagnosis at an early oper-
able stage. Until now, even recognized serum markers for pancreatic
carcinoma, such as carcinoembryonic antigen (CEA) or carbohydrate
antigen 19-9 (CA19-9), have not completely satisfied the criteria for
early diagnosis. Therefore, it is imperative to develop more accurate
and effective biomarkers for the early diagnosis, prognosis and ther-
apeutic effect evaluation of pancreatic cancer.

Galectin-3 is an important member of the p-galactoside-bind-
ing protein family that is involved in cell-cell adhesion, cell-matrix
interaction, macrophage activation, angiogenesis, metastasis and
apoptosis.*® Many studies have shown the expression of galectin-3
in various tumours, such as those of the gastrointestinal tract, car-
diovascular, urinary and respiratory systems, breasts and thyroid
gland.7’10 Galectin-3 overexpression is closely related to the prolif-
eration, invasion and malignancy of tumour cells.***3 In our previous

proteomic study,***>

galectin-3 is overexpressed in pancreatic car-
cinoma tissues. A strong galectin-3 staining was predominantly ob-
served in the cytoplasm and weak staining in the nucleus of tumour
cells. Galectin-3 highly expressed in pancreatic cancer tissue was
also found to be secreted into the peripheral blood. Serum galec-
tin-3 level was higher in pancreatic cancer patients than in healthy
individuals or patients with benign pancreatic lesions, periampullary
tumours or acute pancreatitis. Galectin-3 may serve as a diagnostic
marker for pancreatic cancer. However, the relationship between
serum galectin-3 level and clinicopathological parameters remains
elusive. Furthermore, we discussed the role of galectin-3 in the as-
sessment of therapeutic effect and prognosis of pancreatic cancer.

2 | METHODS
2.1 | Clinical specimens
A total of 1850 healthy controls (906 men and 944 women; median

age, 45 years; range, 17-78 years) from the Medical Examination

Centre of the Affiliated Hospital of Nantong University between

October 2014 and January 2016 were enrolled in the study. They
had no history of any basic disease and underwent routine physical
examination, including blood, urine and stool tests, chest and abdo-
men computed tomography (CT) scan and ultrasound of the thyroid,
breast and heart. Serum samples were collected to analyse level of
galectin-3 and other indicators.

Serum samples were obtained from 54 male and 48 female
patients with pancreatic cancer (35 of them aged <60 years and
67 were 260 years) treated at the Affiliated Hospital of Nantong
University between September 2014 and June 2016. Pancreatic
cancer mentioned in this article was pathologically confirmed ad-
enocarcinoma, whereas neuroendocrine tumours or cystic ma-
lignancies of the pancreas were excluded. Patients undergoing
surgery were confirmed by post-operative pathology, whereas
those receiving non-operative treatments were diagnosed by mag-
netic resonance imaging (MRI) and pathologically confirmed by
fine-needle aspiration. The following entry criteria were applied: (a)
patients pathologically proven to have pancreatic adenocarcinoma;
(b) obtainable pre- and post-operative blood samples; and (c) in-
formed consent before enrolment. Patients without follow-up data
or with other basic diseases or infection were excluded from the
study. Clinical data included patient age, tumour size, clinical stage,
lymph node metastasis, distant metastasis and treatment meth-
ods. Tumours were detected in the head or neck of the pancreas
in 62 patients, whereas the remaining 40 patients had tumours in
the body or tail of the pancreas. Tumour diameter was <3 cm in
48 patients and 23 cm in 54 patients. Lymph node metastasis and
liver metastasis were noted in 40 patients each. Sixty-eight patients
had tumour node metastasis (TNM) stage |/stage Il cancer, and 34
patients had TNM stage lll/stage IV cancer. Clinical staging of pa-
tients was performed according to the International Union Against
Cancer TNM classification of malignant tumours.*® All samples
were divided into two groups as follows: (a) the operative group
(36 patients) included 21 patients who underwent radical resection
and 15 who underwent palliative resection. Serum samples were
collected from all patients to detect galectin-3 level before and at
1, 3 and 6 months after treatment. One and two patients who un-
derwent radical and palliative resection, respectively, were lost to
follow-up after 3 months. Two patients in each of the two groups
were lost within the first half-year. The follow-up end-point was
December 2016. (b) The non-operative group (66 patients) included
17 patients who underwent radiotherapy, 21 who underwent che-
motherapy, 10 who underwent interventional therapy and 18 who
underwent conservative management. Serum samples were finally
collected for galectin-3 detection before and 1 month after treat-
ment owing to poor medical compliance and loss to flow-up. The
follow-up end-point was December 2016.

A total of 200 samples used for prognostic analysis were col-

lected from 118 male and 82 female patients with pancreatic cancer
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(51 patients were <60 years old and 149 were 260 years old) at the
Affiliated Hospital of Nantong University from January 2011 to June
2016. The tumours were located in the head or neck of the pancreas
in 122 patients and in the body or tail of pancreas in 78 patients. In
total, 58 patients showed lymph node metastasis and 84 patients had
liver metastasis. In total, 19, 55, 26, and 100 patients had TNM stage
I, stage Il, stage Il and stage IV tumours, respectively. According to
treatments, the patients were divided into four groups as follows: (a)
81 patients underwent surgery; (b) 49 underwent radiochemotherapy;
(c) 11 underwent interventional therapy (biliary drainage); and (d) 59
underwent conservative management. The follow-up end-point was
December 2016.

The study was approved by the Medical Ethics Committee of the
Affiliated Hospital of Nantong University (2017-K035) and conducted
in accordance with the Declaration of Helsinki. Informed consent was

obtained from all patients or their legal guardians prior to the study.

2.2 | Time-resolved fluorescence immunoassay
(TRFIA)

A 96-well microplate was coated with an anti-human galectin-3 anti-
body (1:5000 diluted in phosphate-buffered saline [PBS]; R&D) and
incubated at 4°C for 22 hours. Excess of antibody was washed off,
and wells were washed thrice with PBS/Tween-20 (PBST). The mi-
croplate was blocked with 10% foetal calf serum at 37°C for 1 hour
and washed with PBST. Serum samples and standard samples were
added to wells, and the plate was incubated at 37°C for 1 hour. After
washing thrice with PBST, each well was treated with 100 puL of a
biotinylated polyclonal goat anti-human galectin-3 antibody (Detect
Antibody; R&D) at 37°C for 1 hour. The well was washed thrice with
a wash buffer and then treated with 100 plL of an assay buffer con-
taining Europium-labelled streptavidin (PE, USA) in the dark at 37°C
for 1 hour. After washing four times in wash buffer, each well was
treated with 200 pL enhancement solution (PE, USA) and incubated
at room temperature (22°C) for 45 minutes.

Samples were analysed using an automatic time-resolved fluores-
cence analyzer (PE, USA) at an excitation wavelength of 337 nm and
emission wavelength of 615 nm. CurveExpert 1.3 software was used
to determine standard curve and calculate the sample concentration.

According to our previous study,'® the diagnostic sensitivity for
pancreatic cancer was 75.5% and the false-positive rate was 9.1%
when the diagnostic threshold in TRFIA for serum galectin-3 detec-
tion was 3.77 pg/L.

2.3 | Statistical analysis

Statistical analysis was performed with SPSS 19.0. The chi-square
test or Fisher's exact test was used for any four-dimensional table
test. The measured levels of serum galectin-3 are presented as me-
dian (range). The rank-sum test was used to analyse the relationship

between the groups and clinical parameters. Kaplan-Meier survival
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analysis was performed, and survival curves were obtained. Single
clinical parameters and survival rates of patients with pancreatic
cancer were analysed using the log-rank test. The effects of differ-
ent parameters on patient survival were evaluated by a multivariate
analysis using the Cox proportional hazard regression model. P < .05

was considered statistically significant.

3 | RESULTS
3.1 | Serum galectin-3 levels in healthy controls

The concentrations of serum galectin-3 in 57 of 1850 healthy con-
trols (range: 3.77-9.85 pg/L) were higher than those reported in
other controls (range: 0.00-1.03 pg/L; P < .05). Analysis of these
57 patients using examination data, other reports and clinical di-
agnoses showed that 20 of them had thyroid tumours, nine had
cardiovascular disease, four had suspected liver cancer, one had
suspected pancreatic cancer, and 23 had no other diseases. Among
the 57 controls with abnormal galectin-3 levels, a 51-year-old
woman with suspected pancreatic cancer showed significantly
elevated galectin-3 level (9.85 pg/L). The results are shown in
Table S1.

Clinical test results of this patient with suspected pancreatic
cancer were collected. No abnormalities were observed in serum
tumour markers or routine blood and urine tests, except that total
bilirubin level (21.3 pmol/L) was slightly elevated in the liver func-
tion examination. CT and MRI results revealed distal pancreatic duct
expansion in the pancreatic neck space, possibly indicating pancre-
atic cancer (Figure S1A-B). The patient was admitted to undergo
radical resection in the general surgery department of our hospital.
Pathological analysis confirmed the diagnosis of moderately differ-

entiated pancreatic carcinoma (Figure S1C).

3.2 | Relationship between serum galectin-3
level and clinical parameters in patients with
pancreatic cancer before treatment

A total of 102 serum samples collected from patients with pancreatic
cancer between September 2014 and June 2016 before treatment
were used to analyse the relationship between galectin-3 level and
clinical parameters. Galectin-3 level showed no significant correla-
tion with clinical parameters such as sex, age, tumour size, tumour
location, lymph node metastasis, distant metastasis and TNM stage
(P> .05; Table 1).

3.3 | Serum galectin-3 levels before and after
radical resection and palliative resection

A total of 36 patients underwent surgical resection (radical resec-

tion, n = 21, palliative resection, n = 15). Galectin-3 levels before
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Positive (%) Galectin-3 (ug/L)
Parameter n (>3.77 pg/L) Median (range)
Gender
Male 54 40 (74.1) 4.23(2.15~23.18)
Female 48 35(73.0) 3.86(1.89~23.04)
Age
<60 35 29 (82.8) 3.62 (1.89~20.85)
260 67 52 (77.6) 4.56 (2.12~23.18)
Tumour size (cm)
<3 48 36 (75.0) 4.69 (1.93~21.54)
=3 54 46(85.2) 5.53(2.35~22.67)
Tumour location
Head and neck of 62 40 (64.5) 4.29 (2.03~23.08)
pancreas
Body and tail of 40 30(75.0) 5.42(2.15~22.75)
pancreas
Liver metastasis
No 62 52(83.9) 4.65 (2.53~23.15)
Yes 40 31(77.5) 5.26 (2.79~23.18)
Lymph node metastasis
No 62 48(77.4) 3.02 (2.18~21.92)
Yes 40 29 (72.5) 4.13(2.26~23.18)
TNM stage
171 68 52(76.4) 4.45(2.19~22.06)
/v 34 28 (82.4) 6.02 (2.52~23.18)
Treatment
Supportive 18 12 (80.0) 4.95(3.79~21.96)
treatment
Radiochemotherapy 38 27 (79.4) 3.87 (2.96~22.13)
Operation 36 28 (77.8) 3.54 (1.89~20.59)
Biliary drainage 10 13 (76.5) 4.62 (3.87~23.18)
CEA level (pg/L)
<5 52 23 (44.2) 4.12 (2.52~18.35)
25 50 28 (56.0) 4.46 (3.16~22.35)
CA19-9 level (U/mL)
<37 42 20 (47.4) 4.02 (1.89~21.37)
237 60 40 (66.7) 5.12 (2.45~23.18)

treatment and 1, 3 and 6 months after resection were detected
to evaluate any relationship with the curative effect. No observ-
able difference was noted between the two groups before treat-
ment (Table S2, P > .05). Galectin-3 levels dramatically decreased
1 month after radical resection, and the difference was still statisti-
cally significant at 3 and 6 months post-operatively compared with
pre-operative levels (Table S2, Figure 1A, P < .05). However, there
was no remarkable difference between the three post-operative
time-points (Table S2, P < .05). No significant change in galectin-3
levels was observed before and after palliative resection (Table S2,
Figure 1B, P > .05).

TABLE 1 The correlation of serum
galectin-3 level with clinical parameters

b4 ) in patients with pancreatic cancer before
treatment
0.436 .645
3.293 .254
1.895 472
1.241 .582
4.294 173
6.328 165
2915 .326
0.253 .782
1.457 438
3.268 .251

3.4 | Relationship between galectin-3 level and
metastasis or recurrence after radical resection

Among 21 patients who underwent radical resection, five showed
no decrease in galectin-3 levels. Galectin-3 expression decreased
1 month after resection in 16 patients. All 21 patients were followed
up for half a year. Metastasis or recurrence was observed in four pa-
tients with decreased galectin-3 levels and four without. Metastasis
or recurrence rate was higher among patients without decrease
in galectin-3 levels than in those with decreased galectin-3 levels
(P < .05, Table 2).
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TABLE 2 The relationship between serum galectin-3 levels and
tumour metastasis or recurrence 1 mo after radical resection

Metastasis or

Galectin-3 level Case, n recurrence (%)
No decrease 5 4(80.0)"
Decrease 16 4(25.0)

*P < .05.

3.5 | Survival analysis of patients undergoing
surgical resection

Considering the 36 patients from the operative group, survival time
was longer in patients who underwent radical resection than in those
who underwent palliative resection (Kaplan-Meier analysis; Figure 2A,
P < .05). Among the 21 patients who underwent radical resection, pa-
tients with reduced galectin-3 levels survived longer than those with

increased or unchanged galectin-3 levels (Figure 2B, P < .05).

3.6 | Comparison of serum galectin-3 levels
before and after treatment in the non-operative group

Treatment was considered effective in 31 patients and ineffective in
35 of 66 patients evaluated 1 month after treatment (Table S3). No
significant difference in galectin-3 levels was detected between the
two groups of patients either before or after treatment. Further, ga-
lectin-3 levels did not significantly change after non-operative treat-
ment (P > .05, Table S3, Figure S2).

3.7 | Correlation between median survival time and
clinical parameters of patients with pancreatic cancer

For the 200 patients with pancreatic cancer who were followed up,

the median survival time was 5.5 months. Survival time correlated

with clinical parameters (pancreatic cancer patient age, serum galec-
tin-3 level, CA19-9 and CEA levels, TNM stage, liver or lymph node
metastasis, and treatment; P < .05, Table S4).

Single-factor and multivariate Cox analyses showed that serum
galectin-3 and CA19-9 levels, TNM stage, liver metastasis and treat-
ment were independent prognostic factors for survival in patients
with pancreatic cancer. At the time of diagnosis, the risk of death
increased in patients with abnormal serum galectin-3 and CA19-9
levels, and the hazard ratio (HR) of galectin-3 (HR = 1.97; 95% con-
fidence interval [Cl]: 0.89, 3.58; P = .005) was higher than that of
CA19-9 (HR = 1.93; 95% CI: 1.85, 1.98; P = .006; Table 3). The cor-
relation between galectin-3 level and survival rate was determined
in 200 patients by Kaplan-Meier analysis. The higher the serum
galectin-3 level, the shorter was the survival time (Figure 3).

A receiver operating characteristic (ROC) curve was constructed
using SPSS 19.0. We used 3.77 pg/L as the threshold and found that
the sensitivity, specificity and Youden index of galectin-3 to predict
survival outcome in patients with pancreatic cancer were 74.8%,
90.2% and 65%, respectively. The sensitivity, specificity and Youden
index were 89.7%, 86.1% and 75.8%, respectively, using TNM IlI.
These results suggest that galectin-3 level and TNM classification
(cTNM) had high predictive values for survival outcome in patients

with pancreatic cancer (Table S5; Figure 4).

4 | DISCUSSION
Poor prognosis and high mortality rate in patients with pancreatic
cancer are largely associated with the lack of early diagnosis. The
5-year survival rate of pancreatic cancer is <5%.1 Therefore, the
identification of potential biomarkers for early diagnosis and moni-
toring of post-operative results is the focus of pancreatic cancer
research.

At present, CA19-9 is a common clinical tumour marker for
pancreatic cancer. Kim et al*® reported that the level of CA19-9

was >37 units/mL in 1036 of 70 490 patients, but only four were
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survival rates between patients with decreased serum galectin-3 level and with no change in galectin-3 level (P < .05)

Parameter

Gender
Age
Diabetes
Tumour location
Liver metastasis
Lymph node metastasis
TNM stage
|
Il
1
v
Treatments
Supportive treatment
Radiochemotherapy
Operation
Biliary drainage
CEA level
CA19-9 level

Galectin-3 level

diagnosed with pancreatic cancer. The positive predictive value
of CA19-9 was only 0.9% in asymptomatic populations; therefore,
CA19-9 may not be suitable for screening patients with pancreatic
cancer. Ballehaninna et al*’ indicated the applicability of CA19-9

Univariate analysis

Multivariate analysis

TABLE 3 Univariate and multivariate
Cox analysis of the overall survival

HR (95% Cl)

1.08(0.81, 1.44)
1.41 (1.02, 1.95)
1.03(0.73, 1.45)
1.34(1.05, 1.79)
1.81(1.35,2.42)
1.78(1.31, 2.43)

1.00

1.60(0.91, 2.87)
2.86(1.48,5.53)
4.58(2.60, 8.07)

1.00

0.04 (0.02, 0.08)
0.03 (0.02, 0.06)
0.16 (0.08, 0.35)
1.82(1.37,2.43)
1.64(1.13,2.39)
1.66(0.82,2.96)

.587
.039
.862
.048
<.001
<.001

A11
.002
<.001

<.001
<.001
<.001
<.001
.009
.008

HR (95% Cl)

1.31(0.92,1.87)

1.39(1.02, 1.94)
1.25(0.88, 1.78)

1.00

1.85(1.02, 3.35)
2.74 (1.36, 5.53)
3.29 (1.65, 6.55)

1.00

0.06 (0.03, 0.13)
0.05 (0.02,0.11)
0.14 (0.06, 0.32)
1.23(0.54,2.71)
1.93(1.85, 1.98)
1.97 (0.89, 3.58)

131

.019
.207

.043
.005
.001

<.001
<.001
<.001
143
.006
.005

to evaluate surgical resectability of pancreatic cancer at a concen-
tration cut-off of 100 units/mL. The positive predictive value of
tumour resectability was approximately 60%-80% in patients with
CA19-9 levels lower than this cut-off value. However, CA19-9 is
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still not an ideal diagnostic and evaluation indicator for pancre-
atic cancer. Therefore, multiple studies have been conducted to
identify novel biomarkers that provide earlier prediction or more
accurate prognosis for pancreatic cancer.?%?! Increased miR-223
level is thought to contribute to the poor prognosis of patients
with pancreatic cancer.?? The expression of interleukin-6 could
also be used to predict the survival time of patients with pancre-
atic cancer with liver metastases.?

Galectin-3 was overexpressed in pancreatic cancer tissues in our
previous study.l“*15 Song et al also performed immunohistochemical
staining of human pancreatic tissue microarrays with anti-galectin-3
antibody and reported the up-regulated expression of galectin-3 in
human pancreatic tumour tissues.?* In the present study, the serum
concentration of galectin-3 in one healthy control (9.85 ug/L) was

significantly higher than that of other controls. This control had no

abnormal level of CA19-9 or CEA and no relative symptoms of dis-
comfort. Considering that pancreatic tumour was noted in imaging
reports, moderately differentiated adenocarcinoma of the pancreas
was further confirmed by post-operative pathology. The above data
suggest that galectin-3 may provide an effective reference value for
the screening of pancreatic cancer, especially in high-risk groups. It
worth noting that among 57 of 1850 healthy controls with high level
of galectin-3, many other diseases other than pancreatic cancer are
galectin-3 high including suspected liver cancer, cardiovascular dis-
ease, thyroid disease and even no other diseases. But as we know,
other tumour markers such as AFP, CEA and CA19-9 can also slightly
elevate in inflammatory diseases such as hepatitis and pancreatitis,
but their properties as independent tumour markers are not affected.

In our previous research, ROC analysis showed that the diag-

nostic power of galectin-3 for pancreatic cancer greatly improved



Y1 ET AL,

11590
10 | v ey

in combination with the conventional tumour markers CA19-9 and
CEA.* Consistent with our previous findings, our current study in-
dicated no significant correlation between the serum level of galec-
tin-3 and clinicopathological parameters (P > .05). In particular,
galectin-3 expression showed no significant correlation with lymph
node metastasis, distant metastasis or TNM stage, indicating that
galectin-3 is an important serum tumour marker for the early diag-
nosis of pancreatic cancer.

In the present study, serum galectin-3 level was dynamically
monitored in 36 patients, and no significant difference was observed
between the two groups before treatment (P > .05). Compared to
the pre-operative levels, serum galectin-3 levels in patients who un-
derwent radical resection decreased 1 month after surgery (P < .05).
No significant difference was observed between pre-operative and
post-operative serum galectin-3 levels in patients who underwent
palliative resection (P > .05). The survival time of patients who un-
derwent radical resection was longer than that of patients who un-
derwent palliative resection. The lack of any decrease in galectin-3
level may contribute to these results. Some researchers assume that
mucin 4 (MUC4), a high-molecular-weight glycoprotein aberrantly
expressed by pancreatic carcinoma cells, helps in the docking of
tumour cells on the endothelial surface. During cancer progression,
galectin-3-MUC4 interaction-mediated clustering of MUC4 may
expose the surface adhesion molecules, which in turn promotes
a stronger attachment (locking) of tumour cells to the endothelial
surface.?® Further, galectin-3 is known to interact with and mediate
the expression of many proteins, contributing to epithelial-to-mes-
enchymal transition (EMT) during tumour cell migration and in-
vasion.?® Based on these findings, we analysed the relationship
between galectin-3 level and metastasis or recurrence after radical
resection and performed survival analysis for patients undergoing
surgical resection. Our findings revealed that patients without de-
creased galectin-3 levels after radical resection had higher rate of
recurrence and metastasis and worse prognosis (P < .05). In patients
who received non-operative treatment (including radiotherapy, che-
motherapy, interventional therapy and conservative management),
there was no prominent difference in serum galectin-3 levels before
and 1 month after treatment (P > .05), indicating the unsuitability of
galectin-3 for efficacy evaluation in these patients. The lack of any
significant decrease in galectin-3 level may be related to the pres-
ence of tumour, despite palliative resection or chemoradiotherapy.
Another reason may be the chemoresistance of cancer stem cells.2®
Persistent tumour combined with galectin-3-induced chemoresis-
tance constitutes a vicious circle.

To determine whether the serum level of galectin-3 exhibits
prognostic relevance, we assessed the effect of serum galectin-3
and CA19-9 levels, TNM stage, liver metastasis and treatment meth-
ods. All of these parameters served as independent prognostic fac-
tors of survival time in 200 patients with pancreatic cancer. Once
diagnosed with pancreatic cancer, the risk of death in patients with
abnormal serum galectin-3 and CA19-9 levels was high (risk of galec-
tin-3 abnormality was higher than that with CA19-9 abnormality).

Furthermore, the higher the serum galectin-3 level, the shorter was
the survival time. The sensitivity, specificity and Youden index of
serum galectin-3 level to predict survival outcome in patients with
pancreatic cancer were 74.8%, 90.2% and 65%, respectively, and
these values were 89.7%, 86.1% and 75.8%, respectively, for TNM
stage Ill. Thus, galectin-3 and cTNM have high predictive values for
survival outcome in patients with pancreatic cancer.

This study analysed the relationship between serum galectin-3
level and clinicopathological parameters, changes in galectin-3 con-
centration before and after treatment, and effects of galectin-3 on
the prognosis of patients with pancreatic cancer. Our results sug-
gest that galectin-3 is likely to become a biomarker for the screen-
ing and early diagnosis of pancreatic cancer and may serve as an
independent prognostic indicator for patients with pancreatic can-
cer. However, the sample size of patients with pancreatic cancer in
our study was not large, especially for each subgroup. Even fewer
patients had undergone radical resection. Our results gave a great
indication. Further studies with added number of cases are there-
fore warranted to confirm these results.
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