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Aim: This study was designed to investigate the relationships of serum matrix metallopro-
teinase 9 (MMP-9) level and treatment response in esophageal squamous cell carcinoma 
(ESCC) patients treated with chemotherapy or concurrent radiotherapy.
Methods: Blood samples from ESCC patients after chemotherapy or concurrent radio-
therapy were collected at four different intervals. Serum MMP-9 was determined via 
Luminex assay in 134 patients with chemotherapy, 73 patients with concurrent radiotherapy, 
and 183 healthy controls.
Results: Serum MMP-9 level was significantly higher in patients with ESCC than in healthy 
controls (P <0.001). Compared with the pre-treatment, a lower level of serum MMP-9 was 
maintained at four cycles of treatment in ESCC patients with concurrent radiotherapy (P < 
0.001). Serum MMP-9 level was obviously lower in ESCC patients with metastasis after 
concurrent radiotherapy than after chemotherapy (P < 0.05). Patients with higher MMP-9 
level (≥820.693 ng/mL) had a shorter mean survival time by 42 months versus lower MMP-9 
level (<820.693 ng/mL) after chemotherapy or concurrent radiotherapy (P < 0.001).
Conclusion: Serum MMP-9 is a potential prognostic biomarker for treatment response to 
chemotherapy or concurrent radiotherapy in terms of overall survival (OS) in ESCC 
patients.
Keywords: esophageal squamous cell carcinoma, MMP-9, chemotherapy, concurrent 
radiotherapy, prognosis

Introduction
Esophageal cancer (EC) is one of the common gastrointestinal cancers, which 
showed a drastic increase by more than sixfold in incidence rates worldwide.1,2 

Now, EC ranks as the eighth most common malignant tumor and is associated with 
a poor prognosis.3 Although great progress has been made on the carcinogenesis 
and therapy for EC, the overall 5-year survival rate for persons with EC is 15% to 
20% worldwide.4 New treatment strategies contributed to improvement of the 
5-year survival rate in EC patients, such as neoadjuvant radiochemotherapy.5,6 

Neoadjuvant radiochemotherapy plus surgery improves survival over surgery 
alone among patients with locally advanced esophageal squamous cell carcinoma 
(ESCC) in the Chinese randomized clinical trial.7 Neoadjuvant radiochemotherapy 
for esophageal adenocarcinoma has been widely used to treat patients with locally 
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advanced and/or lymph node-positive tumors.7 However, 
squamous cell carcinoma is the predominant histology 
world over except the West.8 ESCC is a main pathological 
subtype of EC in China.9 High mortality of ESCC is 
closely related to its primary infiltration. Early invasion 
and metastasis are major reasons for poor prognosis in 
ESCC patients.10 Therefore, biomarkers that can be used 
to evaluate treatment response and prognosis should be 
evaluated for ESCC patients who could benefit from che-
motherapy or concurrent radiotherapy.

Matrix metalloproteinase 9 (MMP-9) is a member of 
the MMP family and plays an important role in tumor 
angiogenesis and VEGF bioavailability regulation.11 

MMP-9 accelerates tumor metastasis by promoting neo-
vascularization and lymphangiogenesis, and has clinical 
significance in the diagnosis, treatment, and prognosis of 
various cancers, including EC.13,14 Indeed, many studies 
reported that MMP-9 participated in the tumorigenesis and 
resulted in poor prognosis in ESCC; however, most of the 
results are based on immunohistochemical staining of 
ESCC tissue specimens.15–18 Several studies have evalu-
ated serum MMP-9 level in order to determine the diag-
nostic or prognostic value of ESCC.19–21 However, few 
studies focus on serum MMP-9 level, especially relation-
ships to clinicopathological features and treatment 
response, in ESCC patients with metastasis after che-
motherapy or concurrent radiotherapy.

In this study, the concentration of serum MMP-9 was 
determined in a large panel of patients with ESCC and 
healthy individuals. The relationships of serum MMP-9 
level and treatment response were investigated in ESCC 
patients treated with chemotherapy or concurrent chemor-
adiotherapy, especially patients with metastasis. The prog-
nosis value of serum MMP-9 was estimated in patients 
with ESCC after chemotherapy or concurrent 
chemoradiotherapy.

Patients and Methods
Patient Population
A total of 207 patients with histopathologically confirmed 
primary ESCC were enrolled from Jiangsu Cancer 
Hospital (Nanjing, China) between January 2012 and 
June 2016. The mean age of the patients was 60.66 years 
(SD, 7.97 years). The patients were staged according to 
the latest TNM staging issued in 2009 by the International 
Union Against Cancer. A total of 183 healthy individuals 
(without any abnormalities) from Nanjing between 

January 2013 and December 2013 were enrolled in the 
present study, with a mean age of 48.32 years (SD, 13.70 
years). The patients were enrolled using a research proto-
col approved by the Biomedical Research Ethics 
Committee of Jiangsu Cancer Hospital. Each participant 
signed a written informed consent. This study was con-
ducted according to the Declaration of Helsinki. The 
patients were included into either the pre-treatment or 
post-treatment groups. Initially, the patients were patholo-
gically diagnosed with ESCC and had not received any 
prior treatment in the pre-treatment group. After R0 resec-
tion, 207 postoperative patients received chemotherapy or 
concurrent radiotherapy. In the chemotherapy group 
(Chemo group), patients received at least four times of 
chemotherapy with different chemotherapeutic drugs. 
Chemotherapy regimens include TP regimen, which was 
taxane (PTX, TAX, TXT or DOC) combined with plati-
num, PF regimen which was 5-fluorouracil and its deriva-
tives (5-FU, FT207, or CAPE) combined with platinum 
and GP regimen which was gemcitabine (GEM) combined 
with platinum. The platinum used as chemotherapeutic 
drugs was one of DDP, LBP, CBP and NDP during che-
motherapy. In the concurrent radiotherapy group (Chemo 
+Radio group), patients received concurrent radiotherapy 
at the first cycle of chemotherapy with different che-
motherapeutic drugs. These patients received concurrent 
radiotherapy for 30–45 days during chemotherapy accord-
ing to the patient’s status. The common radiotherapy 
schemes are as follows: such as GTV60-65Gy/28-33f, 
CTV50-55Gy/28-33f, PTV50-66Gy/28-33f. The interval 
of every chemotherapy therapy was about 1–2 months. 
GTV (Gross Tumor Volume) is a clinically visible or 
palpable tumor site and tumor extent that can be confirmed 
by diagnostic tests. CTV (Clinical Target Volume) 
includes microscopic subclinical neoplastic lesions 
besides GTV. PTV (Planning Target Volume) includes 
CTV itself, as well as expanded tissue coverage due to 
uncertainties.

Serum Samples
Pre-treatment blood samples from patients were collected. 
Blood samples after chemotherapy or concurrent radio-
therapy were collected at four intervals (ie, first, second, 
third and fourth cycles of post-treatment). Before each 
course of therapy, samples were collected from patients 
for MMP-9 detection as treatment monitoring of last 
course. After centrifugation at 4 °C for 10 min, samples 
were stored at −80 °C until use.
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Detection of Serum MMP-9 by Luminex 
Assay
The assay was performed using a Luminex multiplex 
technique. FLEXMAP 3D instruments and software were 
supplied by Luminex Corporation (Austin, TX, USA). 
Luminex kit for human cytokine/chemokine panels (ie, 
MMP-9) was purchased from Millipore (CAT no. 
HMMP2MAG-55K-01; Millipore, MA, USA) and per-
formed according to the manufacturer’s instructions. The 
preparation processes of the samples and parameters in 
FLEXMAP 3D were similar to those reported in 
a previous work.22 The serum MMP-9 concentrations 
were calculated according to the standard curve.

Statistical Analysis
Serum MMP-9 concentrations were estimated using 
a regression. The concentrations were logarithmically 
transformed to achieve normal distribution. Serum MMP- 
9 concentrations were presented as mean ± SD. The dif-
ferences between the two groups were examined using an 
unpaired t-test or Mann–Whitney test. The comparisons 
for ≥3 groups were performed by ANOVA, followed by 
pair-wise comparisons using Bonferroni post hoc testing. 
P < 0.05 was considered significance. Cox regression 
analysis was performed to assess potential prognostic fac-
tors. All statistical analyses were performed using the 
R language and environment for statistical computing (R 
version 3.5.2; R Foundation for Statistical Computing; 
www.r-project.org).

Results
Serum MMP-9 Level Increased in Patients 
with ESCC but Great Decreased After 
Chemotherapy or Concurrent 
Radiotherapy
Serum MMP-9 was measured in 183 healthy individuals 
and 207 patients with ESCC. As shown in Figure 1A, 
serum MMP-9 level was significantly lower in healthy 
controls than in ESCC patients, which was 326.0 ng/mL 
and 890.1 ng/mL in the controls and ESCC patients, 
respectively. Although serum MMP-9 level was higher in 
patients with concurrent radiotherapy than in patients with 
chemotherapy before treatment, the difference between the 
two groups was nonsignificant (P > 0.05). However, serum 
MMP-9 level was significantly lower in patients with 

concurrent radiotherapy after treatment compared to 
patients with chemotherapy (P < 0.05) (Figure 1B).

Correlation Between Serum MMP-9 and 
Clinicopathological Characteristics
The relation between serum MMP-9 and various clinico-
pathological characteristics was shown in Table 1. The 
differences in serum MMP-9 concentration by gender 
and age were nonsignificant in patients with ESCC (P > 
0.05). For serum MMP-9 level in ESCC patients, the 
differences in stage and differentiation were also nonsigni-
ficant (P > 0.05). Serum MMP-9 level was higher in ESCC 
patients with metastasis than in ESCC patients with non- 
metastasis. However, the difference was still not signifi-
cant (P > 0.05).

The Decrease Was Significant in ESCC 
Patients with Metastasis After 
Concurrent Radiotherapy
There was no significant difference in serum MMP-9 level 
between ESCC patients with metastasis and ESCC patients 
with non-metastasis before treatment (P > 0.05). Serum MMP- 
9 level in ESCC patients with metastasis was equal to that in 
ESCC patients with non-metastasis after treatment including 
chemotherapy or concurrent radiotherapy (P > 0.05) (Figure 
2A). However, for ESCC patients with metastasis after treat-
ment, serum MMP-9 level was obviously lower in the Chemo 
+Radio group than in the Chemo group (P < 0.05). 
Interestingly, for ESCC patients with non-metastasis after 
treatment, serum MMP-9 level was not lower in the Chemo 
+Radio group than in the Chemo group (P > 0.05) (Figure 2B).

Serum MMP-9 Significantly Decreased in 
Patients After Four Cycles Treatment 
with Concurrent Radiotherapy
A total of 134 patients with ESCC were treated with 
chemotherapy at four different intervals (ie, first, second, 
third, fourth time chemotherapy), and 73 patients were 
treated with once concurrent radiotherapy at the first 
cycle of chemotherapy. Compared with the chemo group, 
the chemo+radio group showed a greater mean decrease in 
serum MMP-9 level at the first, second, third and fourth 
cycles of treatments (Figure 3A). Compared with the pre- 
treatment, serum MMP-9 level did not significantly 
decrease at the first cycle of treatment in ESCC patients 
treated with chemotherapy alone (P > 0.05). Only at the 
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third and fourth cycles of treatment, the serum MMP-9 
level great decreased in ESCC patients treated with che-
motherapy alone (P < 0.001) (Figure 4A). However, serum 
MMP-9 level began to significantly decrease at the first 
time of treatment in ESCC patients with concurrent radio-
therapy (P < 0.001). Compared with the pre-treatment, 
serum MMP-9 level was always significantly lower at 
four cycles of treatment in ESCC patients with concurrent 
radiotherapy (P < 0.001) (Figure 4A).

The degree of decline in serum MMP-9 level in patients 
with metastasis after chemotherapy or concurrent radiother-
apy was slighter than that in the non-metastatic patients at 
the first, second, third cycles of treatment (Figure 3B). 
However, patients with metastasis showed serious degree 
of decline in serum MMP-9 level at the fourth cycle of 
treatment compared to patients with non-metastasis 
(Figure 3B). A total of 111 patients with metastasis were 
treated with chemotherapy at four different intervals, and 53 
patients were treated with once concurrent radiotherapy at 
the first cycle of chemotherapy. As shown in Figure 4B, 
serum MMP-9 level greatly decreased at the third and fourth 

cycles in metastatic patients with chemotherapy compared to 
the pre-treatment (P < 0.001). However, the decrease in 
serum MMP-9 level was extremely remarkable in patients 
with metastasis after concurrent radiotherapy (P < 0.001) 
(Figure 4B).

Prognosis Value of Serum MMP-9 in 
ESCC Patients
As of April 25, 2020, the overall survival (OS) of 
patients has been calculated. During the follow-up per-
iods, 109 (52.7%) patients had died, and 29 (14.0%) 
patients were missing. As shown in Table 2, most 
patients with ESCC had survived more than 60 months 
in the survival group, while many patients with ESCC 
had survived less than 24 months in the death group. In 
the chemo group, the number of patients with OS more 
than 60 months accounted for 29.1%. However, the 
proportion of patients with OS more than 60 months 
was as high as 45.2% in the chemo+radio group. 
Furthermore, the 3-year and 5-year survival rates were 

Figure 1 Boxplots of serum MMP-9 in healthy controls and patients before treatment and after treatment. (A) The median value of MMP-9 concentration in healthy 
controls and patients before treatment. (B) The median value of MMP-9 concentration between Chemo group and Chemo+Radio group in ESCC patients before treatment 
and after treatment, respectively. Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients received concurrent radiotherapy at the first cycle 
of chemotherapy. 
Abbreviation: FC, fold change.
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55.1% and 44.4% in ESCC patients, respectively. 
Interestingly, the mean increase in MMP-9 levels in 72 
patients with survival time ≥60 months is larger com-
pared to 106 patients with survival time <60 months at 
the first, second, third cycles of treatment including 
chemotherapy or concurrent radiotherapy (Figure 3C). 
Moreover, age, gender, stage, differentiation, metastasis 
and serum MMP-9 level at pre-treatment were evaluated 

for survival using univariate analysis. According to each 
tangent point, serum MMP-9 levels at pre-treatment 
were divided into high- and low-risk values, and then 
99 times of multiple regression analysis are performed, 
and the best tangent point with minimal p-value is the 
cutoff value. Serum MMP-9 ≥926.49 ng/mL was deter-
mined as an independent factor for OS in ESCC patients 
before treatment among the variables evaluated. The 

Table 1 Relation of Serum MMP9 to Clinicopathological Characteristics of 207 Postoperative Patients with ESCC 
(Concentration Unit: Ng/mL)

Group N Mean (SD) Statistic P value

Gender Male 179 1060.58 (976.02)
Female 28 1052.04 (681.07) 0.045 0.964

Age (years) <60 95 1055.51 (695.14)
60–70 92 1084.27 (1194.31)
>70 20 963.70 (590.57) 0.135 0.873

Stage II 34 1029.65 (727.22)
III 62 1048.52 (749.53)

IV 111 1074.63 (1088.40) 0.035 0.965

Differentiation High 9 1099.78 (915.82)
Moderate 93 1027.45 (699.33)

Low 105 1084.28 (1118.96) 0.098 0.907

Metastasis Yes 164 1109.84 (1016.91)
No 43 867.14 (523.87) 1.511 0.132

Notes: 207 Postoperative patients received R0 resection. Stage: pathological stage. Metastasis: distant or lymph node metastasis.

Figure 2 Boxplots of serum MMP-9 in ESCC patients with metastasis and non-metastasis. (A) The median value of MMP-9 concentration between metastatic and non- 
metastatic patients before treatment and after treatment, respectively. (B) The median value of MMP-9 concentration between Chemo group and Chemo+Radio group in 
ESCC patients with non-metastasis and metastasis respectively after treatment. Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients 
received concurrent radiotherapy at the first cycle of chemotherapy. 
Abbreviation: FC, fold change.
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median survival times were no difference in ESCC 
patients with MMP-9 <926.49 ng/mL and MMP-9 
≥926.49 ng/mL before treatment, respectively (P = 
0.053) (Figure 5A). Moreover, there was no effect of 
treatment modality on survival time in ESCC patients 
treated with chemotherapy or concurrent radiotherapy (P 
> 0.05) (Figure 5B). Furthermore, age, gender, stage, 
differentiation, metastasis, treatment modality and serum 
MMP-9 level at four intervals (ie, first, second, third 
and fourth cycles of post-treatment) were evaluated for 
survival using univariate analyses adjusted for potential 
confounding factors. According to each tangent point, 

the respective mean of serum MMP-9 at post-treatment 
in 134 patients with chemotherapy and 73 patients with 
concurrent radiotherapy were divided into high- and 
low-risk values, and then 99 times of multiple regres-
sion analysis are performed, and the best tangent point 
with minimal p-value is the cutoff value. However, the 
median survival times were 57 and 15 months in ESCC 
patients with MMP-9 <820.693 ng/mL and MMP-9 
≥820.693 ng/mL after treatment including chemotherapy 
or concurrent radiotherapy, respectively (P < 0.0001) 
(Figure 5C). High MMP-9 levels (≥820.693 ng/mL) 
were associated with poor prognosis in ESCC patients 

Figure 3 Mean change in (A) treatment modality, (B) metastasis or (C) survival time relative to the pre-treatment value. The fold change (FC) between post-treatment 
values and pre-treatment values are calculated and the mean fold decrease was plotted at four different time intervals (the first, second, third and fourth cycles of treatment). 
Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients received concurrent radiotherapy at the first cycle of chemotherapy. Metastasis: 
ESCC patients with metastasis. Nonmetatasis: ESCC patients with non-metastasis.

Figure 4 Boxplots of serum MMP-9 from pre-therapy (0 cycle) and the first, second, third and fourth cycles of post therapy (1, 2, 3, 4 cycles) in (A) 207 ESCC patients and 
(B) 164 ESCC patients with metastasis. Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients received concurrent radiotherapy at the first 
cycle of chemotherapy.
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after treatment. Patients with higher MMP-9 level 
(≥820.693 ng/mL) had a shorter mean survival time by 
42 months compared to patients with lower MMP-9 
level (<820.693 ng/mL) after chemotherapy or concur-
rent radiotherapy.

Discussion
ESCC is an invasive cancer with relatively late stage of 
diagnosis, rapid clinical progression, and very poor 
survival.23,24 Esophagectomy is the most commonly 
accepted standard for treatment of localized disease; how-
ever, the results are frustrating due to high recurrence 
rate.25 Preoperative radiotherapy did not show benefit 

with addition of radiotherapy to surgery.25 The patients 
with localized disease who are poor candidates for surgery 
treated with chemoradiotherapy, which is superior to 
radiotherapy alone. Compared to 0% with radiotherapy 
alone, the 5-year survival was 26% in ESCC patients 
with chemoradiotherapy.26 Preoperative chemoradiother-
apy has been studied to improve the cure rate. 
Unfortunately, the data are not impressive. In this study, 
207 postoperative patients (R0 resection) with ESSC 
received chemotherapy including PF, TP and GP therapeu-
tic regimens, and 72 of them received once concurrent 
radiotherapy at the first cycle of chemotherapy. Serum 
MMP-9 level was significantly higher in ESSC patients 

Table 2 The Overall Survival Time of 207 Patients with ESCC After Chemotherapy or Concurrent Radiotherapy

Variables Overall Survival Time (OS, Months) Patients (N)

Total (N) Chemo Group (%, N=134) Chemo+Radio Group (%, N=73)

Survival 69 26.9% (36/134) 45.2% (33/73)

OS <60 7 3.0% (4/134) 4.1% (3/73)
OS ≥60 62 23.9% (32/134) 41.1% (30/73)

Death 109 59.0% (79/134) 41.1 (30/73)
OS <12 12 6.7% (9/134) 4.1% (3/73)

12 ≤ OS < 24 48 28.4% (38/134) 13.7% (10/73)

24 ≤OS < 36 20 9.0% (12/134) 11.0% (8/73)
36 ≤ OS < 48 10 4.5% (6/134) 5.5% (4/73)

48 ≤ OS < 60 9 5.2% (7/134) 2.7% (2/73)

OS ≥60 10 5.2% (7/134) 4.1% (3/73)

Missing 29

Notes: The follow-up time is as of April 25, 2020. Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients received concurrent radiotherapy 
at the first cycle of chemotherapy.

Figure 5 The prognosis values of serum MMP-9 in patients with ESCC. (A) Overall survival with high (≥ 926.49 ng/mL) and low (< 926.49 ng/mL) MMP-9 levels in patients 
before treatment. Hazard ratio =1.490 (95% CI, 0.995–2.231), P=0.053. (B) Overall survival with Chemo group and Chemo+Radio group. Hazard ratio =1.453 (95% CI, 
0.947–2.227), P=0.087. (C) Overall survival with high (≥ 820.693 ng/mL) and low (< 820.693 ng/mL) MMP-9 levels in patients after chemotherapy or concurrent 
radiotherapy. Hazard ratio =0.155 (95% CI, 0.095–2.254), P < 0.001. Chemo: patients received at least four times of chemotherapy. Chemo+Radio: patients received 
concurrent radiotherapy at the first cycle of chemotherapy. 
Abbreviation: CI, confidence interval.
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than in the controls, then obviously decreased after treat-
ment including chemotherapy or concurrent radiotherapy. 
Moreover, patients treated with concurrent radiotherapy 
have a greater degree of decrease compare to patients 
with chemotherapy alone, suggesting that serum MMP-9 
is a potential biomarker for evaluating therapeutic effect in 
ESSC patients treated with chemotherapy or concurrent 
radiotherapy.

Matrix metalloproteinase-9 degrades extracellular 
matrix, which leads to the proteolysis of microvascular 
basement membrane and invasion of endothelial cells, 
suggesting MMP-9 contributes to tumor development and 
metastasis in ESCC.27–29 Knockdown of MMP-9 attenu-
ated epithelial-mesenchymal transition (EMT) induced by 
TGF-β1 and inhibited invasiveness and migration in 
ESCC.30 The expression of MMP-9 was positively asso-
ciated with Vimentin and SNAI1, suggesting that the 
MMP-9 is involved in the regulation of ESCC 
migration.31 Nearly half of EC patients are accompanied 
by metastasis in the west.25 The failure of ESCC treatment 
may be caused by extensive local invasion and regional 
lymph node metastasis, which makes it difficult to com-
pletely resect the tumor.32 Therefore, it is particularly 
important for postoperative patients with metastasis to 
predict therapeutic effect according to serum MMP-9 
after treatment including chemotherapy or concurrent 
radiotherapy. According to Wang et al, based on the opti-
mal MMP cut-off values by ROC curve, elevated MMP-3 
and MMP-9, but not MMP-7, correlated with distant 
metastasis and poor survival in patients with squamous 
cell carcinoma (P < 0.05).21 The expression of MMP-9 
detected by IHC in ESCC patients was positively corre-
lated with poorer differentiation (P < 0.01), and lymph 
node metastasis (P<0.05).17 In this study, there are 79.2% 
ESSC patients (164/207) with metastasis including distant 
metastasis or lymph node metastasis (Table 1), suggesting 
more attention should be paid to the treatment of ESCC 
patients with metastasis. The treatment modality in the 
study is chemotherapy or concurrent radiotherapy. There 
were no significant differences in serum MMP-9 level 
between metastatic patients and non-metastatic patients at 
the pre-treatment and post-treatment, respectively (P > 
0.05) (Figure 2A). Although there was no effect of treat-
ment modality on serum MMP-9 level in ESCC patients 
with non-metastasis, patients with metastasis had lower 
MMP-9 level after concurrent radiotherapy compared to 
chemotherapy alone (P < 0.05) (Figure 2B). Moreover, 53 
patients with metastasis who received concurrent 

radiotherapy maintained lower MMP-9 levels during the 
treatment cycles (P < 0.001) (Figure 4B). Serum MMP-9 
level significantly decreased at the first cycle of treatment 
after concurrent radiotherapy compared to the pre- 
treatment, suggesting concurrent radiotherapy is beneficial 
to the reduction of MMP-9 in ESCC patients with 
metastasis.

Some studies discussed the correlation between 
MMP-9 and ESCC,13 however, a firm conclusion has 
not been formed due to various reasons, such as 
a relatively small cohort. Furthermore, these results 
had different cut-off values for MMP-9 based on differ-
ent treatment modalities, which make inconsistent 
conclusions.14,15,33 More importantly, MMP-9 was asso-
ciated with prognosis in ESCC patients; however, these 
findings are controversial. MMP-9 was useful as 
a potential biomarker in diagnosis, but not in prognosis 
of EC through measuring serum MMP-9 of 89 patients 
by ELISA assay.20 However, Tanioka et al indicated the 
expression of MMP-9 in the invasive front was an 
independent prognostic indicator through multivariate 
analysis of MMP-9 expression in 55 patients by IHC 
staining.15 In the present study, serum MMP-9 level was 
analyzed by a relatively large group of ESCC patients, 
and 178 patients were successfully followed up and 
obtained valid data, suggesting clinical interest may be 
reliable for ESCC. The patients with lower MMP-9 level 
(<926.49 ng/mL) had not shorter OS compared with 
those with higher MMP-9 levels at the pre-treatment 
(P > 0.05). Meanwhile, there was no difference in sur-
vival time between the two treatment modalities (P > 
0.05) (Figure 5). Therefore, the survival of patients after 
treatment with chemotherapy or concurrent radiotherapy 
was analyzed as a whole. Higher MMP-9 level 
(≥820.693 ng/mL) after chemotherapy or concurrent 
radiotherapy indicated shorter OS, which suggested 
serum MMP-9 level after treatment was positively asso-
ciated with survival time in ESCC patients with che-
motherapy or concurrent radiotherapy. The possible 
reason was that although serum MMP-9 level was high 
in ESCC patients at pre-treatment, serum MMP-9 
dropped sharply and remained at a low level in most 
patients after chemotherapy or concurrent radiotherapy. 
It should also be pointed out that in multivariate analy-
sis, the choice of treatment modality including che-
motherapy and concurrent radiotherapy did not affect 
the survival time in ESCC patients (P > 0.05). In addi-
tion, 72 patients with ESCC (34.8%) had survival time 
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>60 months, suggesting ESCC patients benefit from 
chemotherapy and concurrent radiotherapy.

The limitations of this study are as follows. First, 
although treatment response is clearly related to serum 
MMP-9 level, the clinical significance of these findings 
requires further investigation. Since serum MMP-9 level 
significantly decreased in ESCC patients who had longer 
OS, we deduce that the reduction of serum MMP-9 after 
treatment may be correlated with patient outcome. 
Second, in the study, the patients after operation were 
collected as the research objects. Serum MMP-9 level 
may be affected by surgical treatment. Finally, unlike 
previous studies using ELISA or IHC as a testing 
method, the examination by Luminex multiplex assay 
was performed in the study. The combination of differ-
ent biomarkers and detection methods should be able to 
monitor the therapeutic outcome for different subsets of 
patients.

Conclusion
Serum MMP-9 level was significantly higher in patients 
with ESCC than in health controls (P < 0.05). However, 
serum MMP-9 level gradually decreased at the 
first, second, third and fourth cycles of treatment in 
ESCC patients after concurrent radiotherapy (P < 
0.001). The mean decrease in serum MMP-9 level was 
larger at the fourth cycle of treatment in metastatic 
patients after chemotherapy or concurrent radiotherapy 
compared to non-metastatic patients. Compared to 
patients with MMP-9≥820.693 ng/mL, the median survi-
val time was longer in ESCC patients with MMP-9 
<820.693 ng/mL after chemotherapy or concurrent radio-
therapy, which indicated poor prognosis in ESCC 
patients. Serum MMP-9 is a potential prognostic biomar-
ker for treatment response to chemotherapy or concurrent 
radiotherapy in terms of OS in ESCC patients. Further 
investigation is needed to verify the prognostic signifi-
cance of serum MMP-9 using different subsets of 
patients.
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