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Purpose: Plasma matrix metalloproteinase-1 (MMP-1) is a collagenase encoded by the MMP-1 gene. However, the prognostic value 
of plasma MMP-1 levels in oral cavity squamous cell carcinoma (OSCC) has yet to be elucidated. The study is the first to use a cohort 
of OSCC patients to assess the association of plasma MMP-1 levels with clinicopathological factors/survival outcomes in OSCC 
patients.
Patients and Methods: A total of 677 patients were retrospectively enrolled, including 276 oral potentially malignant disease 
(OPMD) and 401 OSCC patients from 2013 to 2021. Pretreatment plasma MMP-1 levels were measured with an enzyme-linked 
immunosorbent assay, and the values were compared between OPMD and OSCC patients. Furthermore, the association of plasma 
MMP-1 levels and clinicopathological characteristics/survival outcomes in OSCC patients was investigated.
Results: Plasma MMP-1 levels were significantly higher in OSCC patients than in OPMD patients (p = 0.04). In the OSCC group, 
plasma MMP-1 levels were significantly higher in females, tumor depth ≥10 mm, advanced pT classification and advanced overall 
stage (p = 0.04, <0.001, <0.001, 0.002, respectively). Higher plasma MMP-1 levels were significantly associated with poorer overall, 
disease-specific, disease-free, locoregional recurrence-free and distant metastasis-free survival (p = 0.003, 0.02, 0.005, 0.01, 0.001, 
respectively). Multivariate analysis revealed that plasma MMP-1 levels were a significant predictor for overall, disease-free, and 
distant metastasis-free survival (p = 0.03, 0.02, and 0.010, respectively).
Conclusion: Plasma MMP-1 levels are associated with more severe clinicopathological manifestations and can also be regarded as 
a significant prognostic factor for OSCC posttreatment outcomes.
Keywords: oral cancer, MMP, squamous cell carcinoma, ELISA, OSCC

Introduction
Oral cavity squamous cell carcinoma (OSCC) is a common cancer in head and neck surgical oncology worldwide.1 

Despite advancements in surgical techniques and the development of chemotherapy, radiotherapy and immunotherapy, 
the treatment outcomes of OSCC patients, especially in advanced stages, remain unsatisfactory, implying that the 
accurate prediction of prognosis are crucial issues.2 Until now, most reliable OSCC prognosticators used preoperatively 
are based on the findings of physical examinations, image studies and histological features.3 Although some circulating 
markers have been reported for outcome prediction before treatment, many researchers are still working diligently on 
discovering a more reliable blood marker for clinical utility.4–7
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Matrix metalloproteinase-1 (MMP-1), also known as collagenase-1, breaks down the extracellular matrix by the 
cleavage of interstitial collagens (eg, type I, II, III) and certain matrix proteins (eg, gelatin).8 MMP-1 is believed to be 
associated with cancer cell behavior such as metastasis, angiogenesis, and inflammation.9 Enhanced expression of MMP- 
1 was observed in several types of cancers, including OSCC.10–13 In a recent study, to expand its clinical application in 
OSCC patients, Chang et al further investigated the association of salivary MMP-1 levels and clinical presentation, 
suggesting that salivary levels of MMP-1 may be a feasible biomarker for OSCC diagnosis by enzyme-linked 
immunosorbent assay (ELISA).14 Although the association of circulating MMP-1 levels with prognosis in several 
types of cancers, including lung, colon and breast cancers, has also been reported in previous studies,15–17 the prognostic 
roles of circulating MMP-1 levels in OSCC patients, to the best of our knowledge, have yet to be determined. The current 
study aimed to compare the difference in plasma MMP-1 levels of OSCC and OPMD patients and to investigate the 
associations between plasma MMP-1 levels and their relationship to clinicopathological factors/survival outcomes in 
OSCC patients.

Materials and Methods
Patients
In this study, the clinicopathological data of a cohort of OSCC and OPMD patients from 2013 to 2021 were retro-
spectively reviewed. Patients who visited the otolaryngology clinic for oral screening or the treatment of OPMD/OSCC 
were consecutively recruited. Based on World Health Organization recommendations, OPMD lesions (leukoplakia, 
erythroplakia, lichen planus and submucous fibrosis) were diagnosed either by clinical features or pathology, while 
OSCC was diagnosed with histopathological examinations. The following conditions were excluded: previous history of 
any malignancy, known distant metastasis or second primary cancer diagnosed before treatment; history of neoadjuvant 
radiation or chemotherapy therapy. Informed consent, approved by the Institutional Review Board of Chang Gung 
Memorial Hospital (Approval number: 201305685A3 and date: November 7th, 2013, to December 31st, 2022), was 
obtained from all subjects and the study complies with the Declaration of Helsinki. All OSCC patients were previously 
untreated and received surgery as the primary treatment modality. A thorough review of medical history, physical 
examination, laboratory tests, chest radiographs, imaging studies (including computed tomography or magnetic reso-
nance imaging), liver ultrasonography, positron emission tomography or bone scans was conducted before the treatment 
was initiated. Primary tumors were excised with adequate margins using intraoperative frozen section controls transorally 
or via lip splitting, and neck dissections were simultaneously performed in level I–III (for clinical N0 neck disease) or 
level I–V (for clinical N+ disease). According to the defect size, primary closure or flap reconstruction was performed 
immediately after tumor ablation. The adequacy of the resection margin was assessed with intraoperative frozen sections. 
Adjuvant radiotherapy or chemoradiotherapy was administered according to the National Comprehensive Cancer 
Network guidelines. The 8th edition of the American Joint Committee on Cancer staging criteria was applied for 
pathological staging. The patients were followed up in the outpatient clinic every 2 months in the first year, every 3 
months during the second and third years, and every 6 months thereafter.

Plasma Collection
Blood samples (10 mL) were collected from the patients and drawn into tubes containing ethylenediaminetetraacetic acid 
as an anticoagulant. The samples were centrifuged at 2000×g for 10 min for plasma separation and then aliquoted and 
stored at −70 °C refrigerators for further analysis.

Measurement of Plasma MMP-1
The pretreatment plasma MMP-1 level was measured, blinded to the identification data, by employing the human MMP- 
1 ELISA kit (S&T BIOMED Co, Ltd. Hsinchu, Taiwan). To generate the standard curve, 2-fold serial dilutions were 
performed from 8000 pg/mL MMP-1 protein down to 125 pg/mL (0 pg/mL as a blank). First, 96-well microplates 
precoated with the capture antibodies were plated with blanks, standards, controls and/or samples and incubated. After 
the detection of antibodies were added, 3,3′,5,5′-tetramethylbenzidine solution and stop solution were added sequentially 
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with adequate washing and incubation. The optical density value at 450 nm was detected in each plate. Finally, the 
plasma levels of MMP-1 in the samples were calculated using a standard curve as a reference.

Statistical Analysis
All statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC). To examine the 
differences in clinicopathological features between the patient groups, Chi-square tests were used. The Wilcoxon Rank 
Sum test was used to compare the differences in plasma MMP-1 levels between groups. The area under the curve (AUC) 
was calculated using receiver operating characteristic (ROC) analysis. Survival rates were demonstrated using Kaplan– 
Meier plots and were examined with the Log rank test. Overall survival was defined by the time to death by any cause 
from the date of surgical removal of the primary tumor. Disease-specific survival was defined by the time to death caused 
by OSCC from the date of surgical removal of the primary tumor. Disease-free survival was defined by the time to death 
by any cause or any tumor relapse from the date of surgical removal of the primary tumor. Locoregional recurrence-free 
survival was defined by the time to death by any cause or locoregional recurrence from the date of surgical removal of 
the primary tumor. Distant metastasis-free survival was defined by the time to death by any cause or the occurrence of 
distant metastasis from the date of surgical removal of the primary tumor. Furthermore, the association of the variables 
and survival was further analyzed with a multivariate Cox regression model. Seven patients were excluded from survival 
analyses due to incomplete adjuvant treatment. All patients were followed-up until June 2021 or until death. All p values 
were two-sided, and a p value less than 0.05 indicated statistical significance.

Results
Patient Characteristics and Clinicopathological Data
In the current study, 677 patients were enrolled from 2013 to 2021, including 276 OPMD and 401 OSCC patients. In the 
OSCC group, the mean age was 55.4 years, and the patients consisted of 367 (91.5%) males; 84.0% were smokers, 
64.6% were alcohol consumers, and 52.5% were betel nut chewers. Alternatively, in OPMD patients, the mean age was 
52.5, and the patients comprised 252 (91.3%) males; 88% were smokers, 65.2% were alcohol consumers, and 73.2% 
were betel nut chewers. Other clinicopathological characteristics of OSCC and OPMD patients are shown in Table 1.

Different MMP-1 Levels in OSCC and OPMD Patients
Levels of plasma MMP-1 in OPMD and OSCC groups were demonstrated by box plots, in which the middle line 
represented the median and lower/upper edge of the box edges corresponded to the 1st/3rd quartile, respectively; the 
lower/upper whisker caps denote the 5th/95th percentiles; lower and upper symbols outside the caps represent the plasma 
MMP-1 level lower than 5th and higher than 95th percentiles. Plasma MMP-1 levels were significantly higher in OSCC 
patients than in OPMD patients (mean ± standard deviation: 3404 ± 5931 vs 3208 ± 4207 pg/mL, p = 0.04; Figure 1A). 
However, ROC curve analyses showed limited efficacy of plasma MMP-1 levels in discriminating OSCC from OPMD 
(Figure 1B), with AUCs of only 0.547 (95% CI: 0.502–0.592). In general, an AUC of 0.5 suggests no discrimination, 0.7 
to 0.8 is considered acceptable, 0.8 to 0.9 is considered excellent, and more than 0.9 is considered outstanding.18 Based 
on these results, plasma MMP-1 levels may not be an optimal marker for discriminating OSCC and OPMD patients.

Association Between Plasma MMP-1 and Patient Characteristics
Using the median value of plasma MMP-1 (2018 pg/mL of the OSCC patient cohort) as a cutoff value, OSCC patients 
were stratified into two groups, and the clinicopathological factors are compared in Table 2. Significant differences in pT 
status, overall pathological status, extranodal extension, and lymphovascular invasion were observed between higher 
(≥2018 pg/mL) and lower (<2018 pg/mL) plasma MMP-1 patients (p = <0.001, 0.003, 0.04, 0.04, respectively). The box 
plots in Figure 2 illustrate the disparity of plasma MMP-1 levels in different clinicopathological factors. Plasma MMP-1 
levels were significantly higher in female, tumor depth ≥10 mm, advanced pT classification (T3 and T4) and advanced 
overall stage (stage III and stage IV) patients (p = 0.04, <0.001, <0.001, 0.002, respectively).
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Association Between Plasma MMP-1 Levels and Survival Status in OSCC Patients
The Kaplan–Meier plots in Figure 3 illustrate the comparison of survival outcomes between higher and lower plasma 
MMP-1 levels. Using 2018 pg/mL (median value) as a cutoff value, higher plasma MMP-1 levels were significantly 
associated with poorer overall survival, disease-specific survival, disease-free survival, locoregional recurrence-free 
survival and distant metastasis-free survival (p = 0.003, 0.02, 0.005, 0.01, and 0.001, respectively). Furthermore, 
multivariate analysis revealed that higher plasma MMP-1 levels were significantly associated with worse overall survival, 
disease-free survival and distant metastasis-free survival (adjusted hazard ratio, 95% confidential interval, 1.583 [1.062– 
2.2358], 1.505 [1.051–2.154], 1.688 [1.139–2.502]; p = 0.024, 0.025, 0.009, respectively) after adjusting for age, sex, 
overall pathological stage (stage III~IV vs I~II), pathological N status, extranodal extension (positive vs negative), 
perineural invasion (positive vs negative), lymphovascular invasion (positive vs negative), surgical margin (<5mm vs 
≥5mm), histological differentiation (poor differentiation vs well and moderate differentiation), and bone invasion 
(positive vs negative) (Table 3).

Table 1 Clinical Characteristics of Patients with Oral Cavity Squamous Cell 
Carcinoma (OSCC) and Oral Premalignant Disease (OPMD)

Characteristics OSCC n = 401 OPMD n = 276

Age (years) † 55.4 ± 11.1† (89.7, 28.5) 52.5 ± 11.7† (86.6, 25.6)

Gender
Male 367 (91.5%) 252 (91.3%)
Female 34 (8.5%) 24 (8.7%)

Alcohol consumption
(-) 142 (35.4%) 96 (34.8%)
(+) 259 (64.6%) 180 (65.2%)

Betel nut chewing
(-) 70 (17.5%) 74 (26.8%)

(+) 331 (52.5%) 202 (73.2%)

Cigarettes (smoking)
(-) 64 (16.0%) 33 (12.0%)

(+) 337 (84.0%) 243 (88.0%)

Lesion site
Tongue 149 (37.2%)

Buccal mucosa 159 (39.7%)

Gum 54 (13.5%)
Mouth floor 22 (5.4%)

Lip 12 (3.0%)

Hard palate 5 (1.2%)
pT classification
1 93 (23.2%)

2 127 (31.7%)
3 46 (11.4%)

4 135 (33.7%)

pN classification
(-) 257 (64.1%)

(+) 144 (35.9%)

Overall stage
I 77 (19.2%)

II 88 (22.0%)

III 55 (13.7%)
IV 181 (45.1%)

Note: †Mean ± SD (maximum, minimum).
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Discussion
Matrix metalloproteinases, a family of zinc-dependent proteolytic enzymes, play an important role in the turnover of the 
extracellular matrix. If metalloproteinases and their inhibitors, tissue inhibitors of metalloproteinases, are out of balance, 
pathological changes may occur, including an inflammatory response, unrestricted remodeling, cell growth and 

A B

Figure 1 Plasma matrix metalloproteinase-1 (MMP-1) levels from 677 specimens. (A) Significantly higher plasma MMP-1 levels in oral squamous cell carcinoma (OSCC) than 
oral potentially malignant disorders (OPMD). (B) Receiver operating characteristic curve for OSCC versus OPMD.

Table 2 Associations of MMP1 Protein Concentrations in Plasma with 
Clinicopathological Characteristics

Plasma MMP1 Expression

Characteristics < 2018 pg/mL‡ ≥ 2018 pg/mL P value

Alcohol consumption
(-) 63 (31.5%) 79 (39.3%) 0.102
(+) 137 (68.5%) 122 (60.7%)

Betel nut chewing
(-) 33 (16.5%) 37 (18.4%) 0.614

(+) 167 (83.5%) 164 (81.6%)

Cigarettes (smoking)
(-) 25 (12.5%) 39 (19.4%) 0.059

(+) 175 (87.5%) 162 (80.6%)

pT Status
1–2 135 (67.5%) 85 (42.3%) < 0.001*

3–4 65 (32.5%) 116 (57.7%)

pN Status
(-) 130 (65.0%) 127 (63.2%) 0.704

(+) 70 (35.0%) 74 (36.8%)

Overall Pathological Stage
I–II 97 (48.5%) 68 (33.8%) 0.003*

III–IV 103 (51.5%) 133 (66.2%)

Extranodal extension
(-) 165 (82.5%) 149 (74.1%) 0.042*

(+) 35 (17.5%) 52 (25.9%)

(Continued)
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migration.19,20 For decades, studies have revealed the association between MMPs and cancer development.21 MMPs 
promote cancer progression through genomic instability and cellular proliferation, angiogenesis, invasion and 
metastasis.9,22 Therefore, they were considered ideal pharmacological targets for cancer therapy and showed promising 

Table 2 (Continued). 

Plasma MMP1 Expression

Characteristics < 2018 pg/mL‡ ≥ 2018 pg/mL P value

Lymphovascular invasion
(-) 187 (93.5%) 176 (87.6%) 0.042*

(+) 13 (6.5%) 25 (12.4%)
Cell Differentiation†

W-D+M-D 178 (89.0%) 182 (90.6%) 0.609

P-D 22 (11.0%) 19 (9.4%)
Bone Invasion
No 171 (85.5%) 165 (82.1%) 0.354

Yes 29 (14.5%) 36 (17.9%)

Note: *Statistically significant. ‡Median value of all OSCC patients. 
Abbreviations: †W-D, well-differentiated; M-D, moderately differentiated; P-D, poorly 
differentiated.

A

D E F

CB

Figure 2 Comparisons of plasma matrix metalloproteinase-1 (MMP-1) levels in oral squamous cell carcinoma patients. Associations of plasma MMP-1 levels with (A) age, 
(B) gender, (C) tumor depth, (D) pT, (E) pN, and (F) overall stage.
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results in preclinical studies. Despite some previous clinical trials in various types of cancers, including breast cancer, 
lung cancer, and colorectal cancer, failed in the non-specific effect of broad spectrum MMP inhibitors, the therapeutic 
potential of highly selective MMP inhibitors, such as MMP-9 monoclonal antibodies, may still be evaluated in the 
future.23,24 Upregulated expression of MMPs has been observed in many studies among various types of cancers, and 
a recent systematic review and meta-analysis synthesized the current evidence and demonstrated that serum MMP-7 and 
MMP-9 levels as well as salivary MMP-1 and MMP-9 levels were significantly higher in OSCC patients.25 However, the 
role of preoperative MMP-1 levels in circulation on the association of OSCC treatment and its clinicopathological 
manifestations/survival outcomes remains unknown.

MMP-1, the earliest identified member of the MMP family, is a collagenase expressed in endothelial and epithelial 
cells, macrophages, and various cancer cells.26 The expression of MMP-1 in tumor tissues is related to tumorigenesis or 
invasiveness in various cancers.27–32 Although it is considered a secreted protein, only a few studies have reported serum 

A B C

D E

Figure 3 Kaplan–Meier plot of 394 patient stratified by median value of plasma matrix metalloproteinase-1 levels (2018 pg/mL) (A) overall survival (B) disease-specific 
survival (C) disease-free survival (D) locoregional recurrence-free survival (E) distant metastasis-free survival.

Table 3 Multivariate Analysis of Survival Analyses Stratified by the Median 
MMP1 Concentration (≥2018 Pg/mL Vs <2018 Pg/Ml) in 394 Patients with Oral 
Cavity Squamous Cell Carcinoma

Prognostic Endpoint Hazard Ratio† 95% CI P value

Overall survival 1.583 1.062–2.358 0.024*

Disease-specific survival 1.420 0.913–2.209 0.119
Disease-free survival 1.505 1.051–2.154 0.025*

Locoregional recurrence-free survival 1.406 0.978–2.023 0.066

Distant metastasis-free survival 1.688 1.139–2.502 0.009*

Notes: *statistically significant. †Hazard ratios were adjusted by age, sex, overall pathological stage 
(stage III~IV vs I~II), pathological N status (N+ vs N0), extranodal extension (positive vs negative), 
perineural invasion (positive vs negative), lymphovascular invasion (positive vs negative), surgical 
margin (< 5mm vs ≥ 5mm), histological differentiation (poor differentiation vs well and moderate 
differentiation), and bone invasion (positive vs negative).
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or plasma MMP-1 levels derived from cancer patients, including bladder, lung, colon and breast cancer patients.15–17,33,34 

In the current study, the plasma MMP-1 levels in OSCC and OPMD patients were compared, and significantly higher 
plasma MMP-1 levels were observed in OSCC patients. However, the diagnostic performance was unfortunately not 
feasible as an optimal diagnostic marker, with an AUC of only 0.547 (95% CI: 0.502–0.592). Choudhry et al also 
reported higher expression of serum MMP-1 levels in OSCC patients, with an AUC of only 0.642. However, the study 
was conducted in a relatively small cohort (38 patients in both the OSCC and control groups), and the serum MMP-1 
levels of OSCC patients were compared with those of healthy subjects rather than OPMD patients. Alternatively, the 
measurement of salivary MMP-1 levels was conducted in a study by Chang et al, in which salivary MMP-1 exhibited 
a more effective diagnostic performance (sensitivity 76.58%, specificity 86.76%) in discriminating OSCC from high-risk 
non-OSCC patients using ELISA.14

The association of plasma levels of MMP-1 and clinicopathological characteristics in OSCC patients has yet to be 
clarified in previous studies. One of the major findings in the current study is that the plasma MMP-1 levels were found 
to be significantly associated with tumor depth, pT classification and overall stage. These results implied that the levels of 
plasma MMP-1 might reflect the extent or severity of the disease and were compatible with previous studies. Li et al 
indicated that the plasma MMP-1 levels were significantly higher in advanced stage lung cancer patients (including non- 
small-cell lung carcinoma and small-cell lung carcinoma), and the levels were also significantly associated with the 
histological grade. Kulić et al reported that in early-stage breast cancer patients, serum MMP-1 levels were associated 
with tumor size and the number of involved lymph nodes.

Recent studies have reported that the expression of MMP-1 protein in tumor tissue might be an effective biomarker for 
predicting survival outcomes in various types of cancers, including esophageal, thyroid and gastric cancers.35–37 Luukkaa 
et al, by performing immunohistochemical stain on formalin-fixed and paraffin-embedded tissue samples, also reported that 
the expression of MMP-1 in tumor tissues was associated with the prognosis in salivary gland cancer.38 On the other hand, 
the association of serum or plasma MMP-1 levels and survival outcomes varies among previous studies on other 
malignancies. Jonsson et al claimed that in colon cancer patients, among MMP-1, −2, −7, −8, and −9, a higher plasma 
level of MMP-1 was significantly associated with poorer long-term cancer-specific survival.15 Li et al also indicated that the 
plasma MMP-1 level was a negative independent prognosticator for overall survival in lung cancer patients.16 In contrast, 
Kulić et al demonstrated that lower serum MMP-1 was associated with poorer overall survival in early breast cancer.17 

However, the role of circulating MMP-1 levels in head and neck cancers, including OSCC patients, remains unknown.
In OSCC, Fan et al, using immunohistochemical analysis, indicated that the expression levels of MMP-1 and 

protease-activated receptor-1 may be a valuable tool to assess patient prognosis.39 Interestingly, Lassig et al found that 
MMP-1 levels in surgical drains were also associated with poorer clinical outcomes in oral cavity and oral pharyngeal 
cancer.40 Regarding serum or plasma MMP levels, although previous studies have reported the association of prognosis 
and serum or plasma levels of MMP-2 and MMP-9, the current study is the first to report the association of 
clinicopathological factors and prognostic value with plasma MMP-1 levels.41 Furthermore, the multivariate analyses 
in our study, also the first to the best of our knowledge, show that the plasma levels of MMP-1 are a significant 
prognosticator for overall survival, disease-free survival and distant metastasis-free survival in OSCC patients.

Conclusion
The current study is the first to use a cohort of OSCC patients to investigate the roles of circulating MMP-1 levels on 
clinicopathological factors and treatment outcome. Higher levels are associated with more severe clinicopathological 
manifestations including tumor depth, pT classification and overall stage. Moreover, multivariate analyses revealed that 
higher levels of plasma MMP-1 levels could be used as a significant prognostic factor for poorer posttreatment outcomes, 
including overall survival, disease-free survival, and distant metastasis-free survival. These findings of the current study 
might add some potential prognostic implications of plasma MMP-1 levels for the treatment of OSCC patients.

Data Sharing Statement
Datasets used for analysis for this study are available for review, without compromising patient confidentiality, upon 
reasonable request.
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