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Abstract: Pancreatic cancer is a malignancy with extremely poor prognosis. This study aimed to investigate the ap-
plication value of tumour markers and matrix metalloproteinase-1 (MMP-1) in predicting clinical staging and lymph
node metastasis of pancreatic cancer. Totally, 130 pancreatic cancer patients and 40 healthy controls admitted
to Haian Hospital Affiliated to Nantong University from January 2018 to January 2022 were collected. The expres-
sion of MMP-1, carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), and carbohydrate antigen
125 (CA125) were detected in their serum. MMP-1 was highly expressed in pancreatic cancer tissue, and MMP-1,
CA199, CA125, and CEA could serve as diagnostic markers for pancreatic cancer. MMP-1 and CA199 had higher
diagnostic value for early pancreatic cancer. Additionally, MMP-1 also demonstrated high predictive value for lymph
node metastasis. Multivariate Cox regression analysis identified TNM staging, differentiation, MMP-1, and CA199
as independent risk factors affecting the overall survival of pancreatic cancer patients. The risk score model con-
structed based on Cox regression coefficients could better predict the prognosis of pancreatic cancer patients.
MMP-1 demonstrates promising application value in determining clinical staging and lymph node metastasis of
pancreatic cancer.
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Introduction females, and is the fourth most common cause
of cancer-related death [4]. In China, pancreatic
carcinoma ranks as the 7th most common
malignant tumour in males and the 11th in
females. It is also the 6th leading cause of can-
cer-related deaths [5]. It is estimated that by

2030, pancreatic carcinoma will become the

Malignant tumour of the pancreas, especially
pancreatic carcinoma, is a common type of
digestive system tumour that poses significant
challenges for patients and medical workers. It
is characterized by highly malignant and insidi-

ous onset [1]. Pancreatic ductal adenocarcino-
ma is the most common pancreatic carcinoma,
accounting for 90% of pancreatic malignant
tumours [2]. The detection rate of pancreatic
malignant tumour has been greatly improved
with the progress of medical examination tech-
nologies, and the incidence rate is increasing
year by year [3]. According to the statistics from
a professional organization in the United States
in 2021, pancreatic carcinoma ranks 10th
among male malignant tumours and 9th among

second leading cause of cancer-related death
in the United States [6]. Despite the progress in
treatment methods and effects, the prognosis
of pancreatic carcinoma remains concerning.

In order to predict the survival period of pa-
tients and provide better treatment guidance,
scientists have studied many factors that affect
the prognosis, such as TNM staging of tumours,
the possibility of radical resection, and system-
ic chemotherapy [7]. Hematological marker,
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CA199, has been widely used in the assess-
ment of pancreatic carcinoma, with a specificity
of approximately 82%. However, its limitation is
that not only patients with pancreatic carcino-
ma will have an elevated level, but also patients
with inflammation of the biliary system, gastro-
intestinal tumours, etc. have a similar situation
as well [8]. In recent years, researchers have
attempted to make breakthroughs at the gene
and protein levels and found some biomarkers
that affect the prognosis [9]. However, due to
the limitations such as cost, detection meth-
ods, and equipment, many detection items are
difficult to popularize in clinic [10]. Effectively
utilizing existing laboratory and examination
data, given their low cost and easy availability,
has become a challenge in and evaluating the
prognosis of pancreatic carcinoma.

Matrix metalloproteinase-1 (MMP-1) is a neu-
tral protease with a molecular weight of 55 kD,
which can degrade natural type | and X fibrillar
collagen, generate 3/4 N-terminal fragments
and 1/4 C-terminal fragments, and transform
them into gelatin at room temperature [11].
MMP-1 plays a key role in the invasion and
metastasis of malignant tumour cells as well as
in tumour angiogenesis [12]. Studies [13, 14]
have shown that MMP-1 is expressed in breast
carcinoma, lung carcinoma, gastric carcinoma,
and other tumours, and it is found that plasma
MMP-1 is an independent prognostic factor of
colon carcinoma. However, there are relatively
few reports about MMP-1 in pancreatic carci-
noma, and its relationship with the prognosis of
pancreatic carcinoma is not clear. Therefore, it
is particularly important to explore the relation-
ship between MMP-1 and clinicopathologic fea-
tures of pancreatic carcinoma.

This study aimed to analyse the predictive
value of MMP-1 and tumour markers in as-
sessing therapeutic efficacy and prognosis of
patients with pancreatic carcinoma, and to pro-
vide new biological markers for clinical progno-
sis evaluation.

Materials and methods
Subject recruitment

From January 2018 to January 2022, 219
patients with pancreatic carcinoma treated in
Haian Hospital Affiliated to Nantong University
were recruited as the subjects for this study. To
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clarify the research content, we drew a flow
chart (Figure 1).

Inclusion criteria: (1) Patients who met the diag-
nostic criteria for pancreatic carcinoma accord-
ing to the 8th edition of AJCC [15]; (2) Patients
who were diagnosed with malignant pancreatic
tumour based on postoperative pathological
results at our hospital; (3) Patients with com-
plete medical records; (4) Patients who under-
went various serological examinations, includ-
ing serum tumour markers, on the second day
after admission; (5) Patients who were con-
firmed by pathology to have pancreatic ductal
adenocarcinoma.

Exclusion criteria: (1) Patients with an expected
survival time of less than 3 months; (2) Patients
with diseases that affect tumour marker levels,
such as pelvic inflammatory disease, endome-
triosis, other gynecological benign diseases,
liver cirrhosis, obstructive jaundice, hepatitis,
colitis, pulmonary fibrosis, teratoma, and auto-
immune diseases; (3) Patients with concurrent
tumours in other systems; (4) Patients who
received anti-tumour or other related treat-
ments before surgery.

According to the inclusion and exclusion crite-
ria, we screened 130 patients with pancreatic
carcinoma who met the criteria as a patient
group of this study. In addition, 40 healthy peo-
ple who underwent physical examination in the
physical examination centre of our hospital dur-
ing the same period were collected as a normal
group. This research was ratified by the Medical
Ethics Committee of Haian Hospital Affiliated to
Nantong University. All the subjects had pro-
vided informed consent.

Collection of clinical data

Clinical data were collected, including gender,
age, body mass index (BMI), lesion location,
tumour diameter, TNM staging, differentiation
degree, lymph node metastasis and postopera-
tive chemotherapy. Laboratory indexes includ-
ed serum MMP-1, serum cancer antigen 199
(CA199), cancer antigen 125 (CA125), and car-
cinoembryonic antigen (CEA).

The patient’s survival status was determined by
reviewing their electronic medical records and
outpatient follow-up records, with the cut-off
time set to January 2023.
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Figure 1. The flow chart.

Detection methods

Venous blood (5 ml) was collected from the
patients, then centrifuged at a speed of
3000 r/min, and stored at -80°C for testing.
ELISA was used to measure the MMP-1 levels
in strict accordance with the instructions of
the Kkit, which was provided by Shanghai
enzyme-linked Biology. The batch number of
the kit was ml038199. An automatic immune
analyser (Jinan Qianshi Biotechnology Co.,
Ltd., BKI2200) was used to examine serum
CA199 (KIP0311), CA125 (KIPO301), and CEA
(KIPO3105) levels, and the kits were from
Beijing North Biotechnology Research Institute
Co., Ltd.

Outcome measures

Primary outcome measures: The expressions
of MMP-1, CA199, CA125, and CEA in the
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patients and the differences between them in
diagnosing pancreatic carcinoma were com-
pared. The risk factors affecting the prognosis
of patients were analysed by Cox regression,
and a risk prediction model was constructed
based on Cox regression coefficient.

Secondary outcome measures: The relation-
ship between MMP-1 and clinical data of
patients was analysed. The value of MMP-1,
CA199, CA125, and CEA in diagnosing TNM
staging and lymph node metastasis was evalu-
ated. The relationship between MMP-1 expres-
sion and survival in pancreatic carcinoma was
analysed in online database.

Online tool analysis

Through the BEST database (https://rookieuto-
pia.com/app_direct/BEST/), we analysed the
expression of MMP-1 and overall survival (OS)
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Figure 2. Expression level of MMP-1 in pancreatic carcinoma related database. A-C. Expression level of MMP-1 in
GSE28735, GSE62452 and GSE71729 datasets. D. Expression level of MMP-1 in pancreatic carcinoma samples
from TCGA database. Note: MMP-1: matrix metalloproteinase-1; TCGA: The Cancer Genome Atlas Program.

in patients with pancreatic carcinoma in vari-
ous database.

Statistical analysis

SPSS 26.0 was applied for data analysis.
Kolmogorov-Smirnov test was applied for nor-
mality analysis. Normally distributed data were
expressed as mean + standard deviation. The
enumeration data were expressed by percent-
age and analysed by chi-squared test. In receiv-
er operating characteristic (ROC) curve, sensi-
tivity, specificity and other diagnostic indicators
were applied to evaluate the clinical value of
serum markers. DelLong test was applied to
analyse the difference in areas under ROC
curves (AUCs). Cox regression was applied to
analyse the prognostic factors affecting the OS
of patients, and a risk model was constructed
through risk coefficient. The difference was sta-
tistically significant when P<0.05.

Results

Expression of MMP-1 in pancreatic carcinoma
in online database

In order to determine the expression of MMP-1
in pancreatic carcinoma, we first analysed the
expression of MMP-1 in pancreatic carcinoma-
related datasets. Through the BEST database,
we found that MMP-1 was highly expressed in
pancreatic carcinoma samples in GSE28735,
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GSE62452, GSE71729, and The Cancer Ge-
nome Atlas Program (TCGA) (Figure 2A-D).

Expression and diagnostic value of MMP-1 and
tumour markers in patients with pancreatic
carcinoma

In this study, we further compared the levels of
MMP-1, CA199, CA125, and CEA in pancreatic
carcinoma and healthy people. Our results
revealed that the expressions of MMP-1,
CA199, CA125, and CEA in patients with pan-
creatic carcinoma were markedly higher than
those in healthy people (Figure 3A-D) (P<
0.0001). In addition, ROC curve analysis
revealed that the AUCs of MMP-1 and CA199 in
diagnosing patients with pancreatic carcinoma
were 1, while the AUCs of CA125 and CEA were
0.821 and 0.704, respectively (Figure 3E).

Relationship between MMP-1 and clinical data
of patients with pancreatic carcinoma

In order to understand the relationship between
MMP-1 and clinical data of patients with pan-
creatic carcinoma, the included patients were
divided into a high expression group and a low
expression group according to the median
value of MMP-1 (36.54 pg/mL), and the rela-
tionship of clinical data between the two groups
was further compared. The results showed that
the proportion of patients with TNM staging (lll),
lymph node metastasis, and perineural inva-
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Figure 3. Difference in MMP-1 and tumour markers between healthy subjects and patients with pancreatic carci-
noma. A-D. Differences in MMP-1, CA199, CA125 and CEA between healthy subjects and patients with pancreatic
carcinoma. E. AUCs of MMP-1, CA199, CA125 and CEA in distinguishing healthy subjects from patients with pan-
creatic carcinoma. Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer

antigen 125; CEA: carcinoembryonic antigen; AUC: area under the curve; ****P<(0.0001.

sion in the high expression group was markedly
higher than that in the low expression group
(Table 1) (P<0.001).

Comparison of the value of MMP-1 and tu-
mour markers in distinguishing early pancre-
atic carcinoma

In the above analysis, we found that MMP-1
was related to TNM staging. To determine the
diagnostic value of MMP-1 in early pancreatic
carcinoma, we divided the patients into an
early stage group (n=28) and a middle and late
stage group (n=102). By drawing ROC curve, we
found that the AUCs of MMP-1, CA199, CA125,
and CEA in diagnosing early pancreatic carci-
noma were 0.728, 0.706, 0.584, and 0.646,
respectively (Figure 4A; Table 2). Through
Delong test, it was found that the clinical value
of MMP-1 and CA199 showed no difference in
diagnosing early pancreatic carcinoma, but
their value was significantly higher than that of
CA125 and CEA (Table 3) (P<0.01).

Comparison of the value of MMP-1 and tumour
markers in diagnosing lymph node metastasis

In this study, we also found that MMP-1 was
bound up with lymph node metastasis of
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patients. In order to determine the diagnostic
value of MMP-1 in lymph node metastasis of
patients with pancreatic carcinoma, we divided
the patients into a metastatic group (h=63) and
a non-metastatic group (n=67). By drawing
ROC curves, we found that the AUCs of MMP-1,
CA199, CA125, and CEA in the diagnosis of
lymph node metastasis were 0.837, 0.723,
0.715, and 0.775, respectively (Figure 4B;
Table 4). DelLong test revealed that the clinical
value of MMP-1 in the diagnosis of lymph node
metastasis was markedly higher than that of
CA199, CA125, and CEA (Table 5) (P<0.001).

Comparison of the value of MMP-1 and tumour
markers in distinguishing perineural invasion

In this study, we found that MMP-1 was bound
up with perineural invasion of patients. In order
to determine the diagnostic value of MMP-1 in
perineural invasion of patients with pancreatic
carcinoma, we divided the patients into a posi-
tive group (n=50) and a negative group (n=80)
according to if they had perineural invasion or
not. By drawing ROC curves, we found that the
AUCs of MMP-1, CA199, CA125 and CEA in
diagnosing perineural invasion were 0.859,
0.669, 0.550, and 0.621, respectively (Figure
4C; Table 6). Through Delong test, we found

Am J Cancer Res 2023;13(11):5405-5417
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Table 1. Comparison between MMP-1 and baseline data of patients

with pancreatic carcinoma

months. In order to under-
stand the risk factors affect-

ing the OS of patients, we

MMP-1
Factors High expression Low expression P regressed a.II the fa.c’Fors by
group (n=65)  group (n=65) Cox regression. Ad.d'|t|onally,
Gender 0.522 the data were initially as-
Male 34 31 signed val'ues. (Table S).
Through univariate analysis,
Female 31 34 we found that TNM staging,
Age 0.109 differentiation degree, lymph
260 years old 37 28 node metastasis, postopera-
<60 years old 28 37 tive chemotherapy, perineu-
BMI 0.690 ral invasion, MMP1, CA199,
>25 kg/m? 17 15 CA125 and CEA were signifi-
<25 kg/m? 48 50 cant factors affecting the
Lesion location 0.215 prognosis of patients (Table
Pancreatic head 40 33 9) (P<0.01). Subsequently,
Body and tail of pancreas 25 32 multivariate Cox regressign
Tumour diameter 0.356 w?s peﬁoqned on the sig-
nificant indicators for back-
>2.5¢cm 45 40 I .
ward likelihood ratio analy-
<2.5¢m 20 25 sis. The results revealed that
TNM staging 0.002 advanced TNM stage (stage
' 10 18 ), poor differentiation/po-
I 20 32 orly differentiated subtype,
1 35 15 positive perineural invasion,
Differentiation degree 0.520 MMP1, and CA199 were
Middle and well differentiated 27 23 independent risk factors
Poorly differentiated 38 42 affecting the OS of patients
Lymph node metastasis 0.001 with pancreatic carcinoma
Metastasis 42 21 (Table 9) (P<0.05).
Non-metastasis 23 44 Construction of prognostic
Postoperative chemotherapy 0.669 risk model for patients with
Yes 56 58 pancreatic carcinoma
No 20 17
Perineural invasion <0.001 At the end of the study, we
Positive 35 15 constructed a risk model to
Negative 30 50 predict the OS of patients

Note: BMI: body mass index.

that the clinical value of MMP-1 in the diagnosis
of perineural invasion was markedly higher
than that of CA199, CA125 and CEA (Table 7)
(P<0.001).

Risk factors affecting the OS of patients with
pancreatic carcinoma

In this study, the OS of patients was collected

from the electronic medical records, and the
average 0OS of the 130 patients was 21.9

5410

based on Cox regression 3
coefficient of TNM staging,
differentiation degree, peri-
neural invasion, MMP1, and CA199. Patient
risk score = 0.471 * TNM staging + 0.615 *
differentiation degree + 0.678 * perineural
invasion + 0.054 * MMP1 + 0.005 * CA199. By
calculating the risk score of each patient, it was
found that the risk score of patients in death
group was markedly higher than that of patients
in survival group (Figure 5) (P<0.0001). In addi-
tion, ROC curve showed that the AUC of the risk
score in predicting the OS of patients was
0.878.
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Figure 4. Diagnostic value of MMP-1, CA199, CA125 and CEA in TNM staging, lymph node metastasis and perineu-
ral invasion. A. Value of MMP-1 and tumour markers in differentiating TNM stages. B. Value of MMP-1 and tumour
markers in differentiating lymph node metastasis. C. Value of MMP-1 and tumour markers in differentiating perineu-
ral invasion. Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen
125; CEA: carcinoembryonic antigen; ROC: receiver operating characteristic curve.

Table 2. ROC curve parameters

Predictor variable AUC Confidence interval Cut-off Sensitivity Specificity ~ Youden index
MMP-1 0.728 0.615-0.841 33.89 84.31% 64.29% 48.60%
CA199 0.706 0.590-0.822 197.90 79.41% 64.29% 43.70%
CA125 0.584 0.477-0.692 46.02 24.51% 100.00% 24.51%
CEA 0.646 0.544-0.748 5.46 36.28% 96.43% 32.70%

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Table 3. Comparison of AUC

95% confidence interval

Test result vs. Z P AUC difference value Standard error value — —
Lower limit Upper limit
MMP1 - CA199 1.634 0.102 0.022 0.332 -0.004 0.048
MMP1 - CA125 4.695 <0.001 0.143 0.327 0.084 0.203
MMP1 - CEA 2.729 0.006 0.082 0.323 0.023 0.14

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Table 4. ROC curve parameters

Predictor variable AUC Confidence interval Cut-off Sensitivity Specificity Youden index
MMP-1 0.837 0.766-0.908 35.755 67.16% 88.89% 56.05%
CA199 0.723 0.633-0.813 208.96 53.73% 90.48% 44.21%
CA125 0.715 0.627-0.804 17.95 43.28% 92.06% 35.35%
CEA 0.775 0.693-0.858 3.685 58.21% 95.24% 53.45%

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Discussion

Diagnosis at early clinical stages is the key fac-
tor affecting the cure possibility, posttreatment
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recurrence rate, and mortality of pancreatic
carcinoma [8]. With the development of molec-
ular marker research, increasing literatures
[16-18] have revealed that some tumour-relat-

Am J Cancer Res 2023;13(11):5405-5417
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Table 5. Comparison of AUC

95% confidence interval

Test result vs. z P AUC difference value Standard error value — —
Lower limit ~ Upper limit
MMP1 - CA199 5.049 <0.001 0.114 0.281 0.070 0.158
MMP1 - CA125 5.317 <0.001 0.122 0.280 0.077 0.167
MMP1 - CEA 2.759  0.006 0.062 0.275 0.018 0.106

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Table 6. ROC curve parameters

Predictor variable AUC Confidence interval Cut-off Sensitivity Specificity Youden index
MMP-1 0.859 0.795-0.923 36.17 70.00% 96.00% 66.00%
CA199 0.669 0.576-0.762 232.87 55.00% 74.00% 29.00%
CA125 0.550 0.452-0.649 14.795 26.25% 94.00% 20.25%
CEA 0.621 0.524-0.717 3.505 37.50% 86.00% 23.50%

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Table 7. Comparison of AUC

95% confidence interval

Test result vs. Z P AUC difference value Standard error value — —
Lower limit ~ Upper limit
MMP1 - CA199 -7.226  <0.001 -0.190 0.278 -0.242 -0.139
MMP1 - CA125 -9.318 <0.001 -0.309 0.284 -0.374 -0.244
MMP1 - CEA -8.017  <0.001 -0.239 0.282 -0.297 -0.18

Note: MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen 125; CEA: carcinoem-
bryonic antigen; AUC: area under the curve.

Table 8. Assignment table

Factors Assignment

Gender Male =1, Female =0

Age >60 years old =1, <60 years old =0

BMI >25 kg/m? =1, <25 kg/m?2 =0

Lesion location Pancreatic head =1, Body and tail of pancreas =0

Tumour diameter >2.5cm =1, <2.5¢cm =0

TNM staging [ =0, Il =1

Differentiation degree Middle and well differentiated =0, Poorly differentiated =1

Lymph node metastasis Metastasis =1, Non-metastasis =0

Postoperative chemotherapy Yes =1, No =0

perineural invasion Positive =1, Negative =0

MMP1 >36.46 pg/mL =1, <36.46 pg/mL =0

CA199 >225.59 U/mL =1, <225.59 U/mL =0

CA125 >24.40 U/mL =1, <24.40 U/mL =0

CEA >4.18 ng/mL =1, <4.18 ng/mL =0

ed antigens, such as CA19-9, CA125 and CEA, of tumour-related antigens. However, studies
are usually released into peripheral blood dur- [19, 20] have revealed that although tumour
ing the development and progress of pancreat- markers have high specificity and sensitivity in
ic tumours, presenting as abnormal expression distinguishing cancer patients from normal

5412 Am J Cancer Res 2023;13(11):5405-5417
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Table 9. Cox regression

Univariate analysis

Multivariate analysis

Factors

HR P 95% ClI HR P 95% Cl
Gender 0.948 0.786 0.642-1.398
Age 0.877 0.510 0.593-1.296
BMI 0.804 0.352 0.508-1.273
Lesion location 0.937 0.744 0.632-1.388
Tumour diameter 0.886 0.564 0.588-1.336
TNM staging 1.856 <0.001 1.396-2.468 1.602 0.002 1.182-2.171
Differentiation degree 2.195 <0.001 1.451-3.322 1.849  0.006 1.188-2.878
Lymph node metastasis 1.793 0.006 1.185-2.713 0.143 0.890 0.890-2.238
Postoperative chemotherapy 1.934 0.004 1.237-3.024 0.501 0.706 0.706-2.037
perineural invasion 1.786 0.006 1.179-2.706 1.971 0.004 1.249-3.109
MMP1 1.063 <0.001 1.030-1.098 1.056  0.003 1.018-1.095
CA199 1.003 0.002 1.001-1.005 1.004 0.001 1.002-1.006
CA125 1.014 0.006 1.004-1.024 0.966  0.283 0.907-1.029
CEA 1.149 0.005 1.042-1.266 1.002 0.987 0.762-1.319

Note: BMI: body mass index; MMP-1: matrix metalloproteinase-1; CA199: serum cancer antigen 19-9; CA125: cancer antigen

125; CEA: carcinoembryonic antigen.
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Figure 5. Value of risk model in predicting the OS of patients. A. Level of risk score for patients with pancreatic
carcinoma in death and survival groups. B. ROC curve of risk score in predicting death of patients with pancreatic
carcinoma. Note: **** P<0.0001; ROC: receiver operating characteristic curve.

people, their value in distinguishing clinical
stages and lymph node metastasis is not ideal.

MMP-1, as an important matrix metalloprotein-
ase, mainly degrades collagen and other com-
ponents, and participates in the remodelling of
extracellular matrix and cell migration [21]. The
expression of MMP-1 is bound up with many
diseases, such as tumour, arthritis, and cardio-
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vascular diseases [22, 23]. Early studies [24]
have revealed that MMP-1 is highly expressed
in pancreatic carcinoma cells and has the abil-
ity to promote their metastasis. In this study,
we first found that MMP-1 was highly expressed
in pancreatic carcinoma through online data-
base analysis. Subsequently, we found that the
serum expression of MMP-1 in pancreatic carci-
noma patients was higher than that of healthy
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people through Elisa. This shows that MMP-1
participates in the progress of pancreatic carci-
noma. Study of Xu et al. [25] found that the
MRNA expression of MMP-1 in pancreatic carci-
noma tissue was markedly higher than that in
adjacent tissues, which is consistent with our
research. Their study also revealed that the
high expression of MMP-1 was bound up with
histological grade, TNM staging, and lymph
node metastasis, and our study also revealed
that the high expression of MMP-1 was bound
up with TNM staging and lymph node metasta-
sis. This suggests that MMP-1 is expected to be
an observation index of clinical staging and
lymph node metastasis in patients with pancre-
atic carcinoma.

Because of the difficulty in early diagnosis, the
prognosis of pancreatic carcinoma is usually
poor, which leads to most patients being in a
locally advanced stage or having metastasized
at diagnosis [26]. Even for patients in earlier
stages who can undergo potentially curative
surgery, the 5-year survival rate remains low, at
only about 30-40% [27]. In this study, it was
found that only MMP-1 and CA199 exhibited an
AUC greater than 0.7 for early diagnosis, while
CA125 and CEA were not ideal for early diagno-
sis. Furthermore, the test results revealed that
there was no difference in the ability of MMP-1
and CA199 for early diagnosis. CA199 is a gly-
coprotein produced by the human body and
secreted by pancreatic tumour cells, and it only
exists at very low levels in the blood of healthy
adults [28]. CA199 is widely used as a tumour
marker for diagnosing pancreatic carcinoma,
which is the most commonly used gold-stand-
ard biological marker for pancreatic carcinoma
and the only serum biomarker approved by the
U.S. Food and Drug Administration for use in
pancreatic carcinoma [29]. Many studies have
reported that CA199 is related to clinicopatho-
logical staging [28]. This study revealed that
the value of MMP-1 in diagnosing early pancre-
atic carcinoma was not different from that of
CA199, indicating that MMP-1 can also be used
as a diagnostic marker for clinicopathological
staging of pancreatic carcinoma. The study of
Xie et al. [30] revealed that the expression
level of MMP-1 in early pancreatic carcinoma
tissue was low, while the expression level of
MMP-1 increased significantly in advanced
pancreatic carcinoma. Combined with our
research results, it is suggested that MMP-1
can be used as a potential diagnostic index to
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distinguish early pancreatic carcinoma from
advanced pancreatic carcinoma.

Pancreatic carcinoma is a malignant tumour
with easy metastasis, extremely high malignan-
cy, and poor prognosis [31]. Lymph node metas-
tasis is the primary route of pancreatic carci-
noma metastasis, which develops early and
has a high incidence rate. It is recognized as an
independent factor affecting the prognosis of
patients with pancreatic carcinoma [32]. Our
study revealed that MMP-1 and CEA had high
diagnostic value in diagnosing lymph node
metastasis of patients with pancreatic carci-
noma, but the diagnostic value of MMP-1 was
higher than that of CEA. CEA is a nonspecific
serum biomarker, which is mainly applied for
the diagnosis of colorectal carcinoma. In the
study by Jiang et al. [33] with a sample size of
56 pancreatic cancer patients, the AUCs of
CA199 and CEA in diagnosing lymph node
metastasis were reported to be 0.632 and
0.563, respectively. In comparison, our study
included a larger sample of 130 patients, and
found the AUCs of CA199 and CEA to be 0.723
and 0.775, respectively. The larger sample vol-
ume in our study may contribute to the higher
AUC values compared to the study by Jiang et
al. Besides, our results showed that the AUC of
MMP-1 was markedly larger than that of the
other three indexes, indicating that MMP-1 had
high value in the diagnosis of lymph node
metastasis. MMP-1 is involved in the invasive-
ness and metastasis of tumour cells, and the
high expression of MMP-1 can promote the
invasiveness and metastasis of pancreatic car-
cinoma cells to lymph nodes, thus further pro-
moting the malignant progress of tumours [34].

Perineural invasion refers to the invasion of
tumour cells into the tissues of peripheral
nerve tracts, which is usually bound up with
poor prognosis [35]. According to previous
research [36], pancreatic carcinoma with
peripheral nerve invasion is usually associated
with high local invasion, lymph node metasta-
sis rate, and distant metastasis rate, so pan-
creatic carcinoma patients with peripheral
nerve invasion usually have a low 5-year sur-
vival rate and poor prognosis. In this study, we
found that MMP-1 demonstrated high value in
diagnosing perineural invasion of pancreatic
carcinoma, and it was much higher than that of
other tumour markers. A study [37] revealed
that the expression level of MMP-1 in pancre-
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atic carcinoma patients with positive peripheral
invasion was markedly higher than that in
patients with negative peripheral invasion.
Moreover, MMP-1 may promote the peripheral
invasion of pancreatic carcinoma by decom-
posing matrix components, such as collagen
and fibrin, and regulate cell proliferation, apop-
tosis and metastasis by interacting with other
signal pathways [38].

This study further analysed the factors affect-
ing the OS of patients with pancreatic carcino-
ma. The results revealed that TNM staging, dif-
ferentiation degree, perineural invasion, MMP1
and CA199 were independent risk factors
affecting the OS of patients with pancreatic
carcinoma. TNM staging, differentiation de-
gree, and lymph node metastasis have been
identified as independent factors affecting the
survival of patients with pancreatic carcinoma
by a number of studies [39-41]. The study of
Wu et al. [42] revealed that preoperative serum
CA199 level was closely bound up with the sur-
vival time of patients with pancreatic carcino-
ma, so CA199 can be used to evaluate their
prognosis. This is the first time that MMP-1 was
found to be an independent prognostic factor
for the OS of pancreatic carcinoma. We believe
that this is because MMP-1 can degrade matrix
components such as collagen and fibronectin,
thus promoting tumour cells to cross the base-
ment membrane and enter blood vessels or
lymphatic vessels, which eventually causes
tumour metastasis and reduces the 0S of
patients. Finally, we constructed a risk predic-
tion model based on Cox regression, and found
that the risk score had high value in predicting
the OS of patients.

In this study, we revealed the value of MMP-1 in
pancreatic carcinoma. However, there are still
some limitations. Firstly, we collected a rela-
tively small number of samples that met the
criteria, and the samples were collected from a
single centre. Secondly, whether the risk model
constructed in this study has generalizability
still needs to be validated by collecting more
samples. Lastly, we hope to carry out follow-up
prospective research to obtain more samples
and detection indicators, so as to further
improve our research conclusions.

To sum up, MMP-1 is highly expressed in pan-
creatic carcinoma and is an independent prog-
nostic factor affecting 0S. MMP-1 also has high
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value in diagnosing pancreatic carcinoma stag-
ing and lymph node metastasis.
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