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Abstract

The objective of this study was to evaluate if longitudinal measurements of serum matrix 

metalloproteinase-9 (MMP-9) correlated with disease status or survival in adults with gliomas. 

Serum samples were collected prospectively and concurrently with MRI scans at multiple time 

points during the course of the disease. MMP-9 levels were determined by ELISA and correlated 

with radiographic disease status and survival. Forty-one patients with low-grade gliomas, 105 with 

anaplastic gliomas, and 197 with glioblastoma enrolled in this study from August 2002 to 

September 2008. A total of 1,684 serum samples (97.1% of all MMP-9 samples) had a matching 

MRI scan. No statistically significant association was observed between levels of serum MMP-9 

and radiographic disease status in low-grade gliomas (P = 0.98), anaplastic gliomas (P = 0.39) or 

glioblastomas (P = 0.33). Among patients with glioblastoma, longitudinal increases in MMP-9 had 

a weak association with shorter survival (HR = 1.1 per each doubling in MMP-9 levels, 95% CI, 

1.0–1.3, P = 0.04) but they were not independently associated with survival when adjusted for age, 

extent of resection, and performance status. Changes in serum MMP-9 were not associated with 

survival in the anaplastic glioma cohort. Serum MMP-9 showed no utility in determining glioma 

disease status and was not a clinically relevant prognostic marker of survival.
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Introduction

Neuroimaging using MRI scans is the standard method to evaluate disease status in patients 

with glioma but the frequency of pseudo-progression and pseudo-response after treatment 

are well-known limitations [1]. Molecular prognostic markers such as 1p and 19q 

chromosome co-deletion in oligodendroglial tumors [2, 3] and MGMT promoter 

methylation in glioblastomas (GBMs) [4], require adequate tumor tissue that is often not 

readily accessible. Easily available biomarkers to assess disease status, prognosis or both 

could improve glioma drug development and patient care. Desirable features of a potential 

serum biomarker for glioma should include ease of performance and it should reflect the 

dynamic changes that occur in gliomas over the course of the patient’s illness.

One of the main features of WHO grade II–IV gliomas is their infiltrative nature into 

surrounding brain making surgery inherently palliative rather than curative. One of the 

mechanisms involved in glioma cell invasion and infiltration is degradation of extracellular 

matrix proteins by matrix metalloproteinase-9 (MMP-9, previously called 92-kDa type 

collagenase or gelatinase B) [5, 6]. MMP-9 is overexpressed in gliomas, especially in 

anaplastic glioma and GBM, compared to normal brain tissue [6]. In addition to tumor 

invasion and infiltration, MMP-9 participates in the angiogenic switch required for tumor 

neovascularization and growth [7]. MMP-9, once secreted into the bloodstream, can be 

easily measured by ELISA. Our preliminary results suggested that serum MMP-9 levels may 

correlate with glioma disease status and hence may be a potential biomarker [8]. We report 

an expanded cohort of consecutive adults with WHO grade II–IV gliomas followed lowed 

for a longer period to ascertain whether prospective longitudinal serum MMP-9 

measurements correlated with disease status or survival.

Patients and methods

Eligibility

Patients with glioma confirmed histologically at our institution were eligible any time during 

their disease course. Patients with brain tumor identified by imaging, who had not yet 

undergone resection, could be enrolled before their initial surgical procedure but continued 

on study only if glioma was confirmed histologically. Additional eligibility criteria included 

age ≥ 18 years and KPS C ≥ 40. Concurrent active systemic malignancy, infection, HIV, 

rheumatoid arthritis and severe osteoarthritis were exclusion criteria because those 

conditions can elevate MMP-9. Post surgical samples were obtained at least 2 weeks from 

resection or biopsy because serum MMP-9 increases in the immediate postoperative period 

[8]. Patients were considered to have a newly diagnosed glioma if their first serum MMP-9 

measurement was obtained within 3 months of the pathological diagnosis date; this included 

58 newly diagnosed GBM patients who enrolled in a Memorial Sloan-Kettering Cancer 

Center (MSKCC) randomized phase II trial of chemoradiation with temozolomide [9]. This 

study was approved by the Memorial Sloan-Kettering Cancer Center (MSKCC) Institutional 

Review Board and all patients signed a written informed consent.
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Study design

This study collected serum samples and obtained MRI scans at baseline and every 2–3 

months. One hundred and forty-three patients reported in our preliminary study [8] were 

included in the current analysis. MMP-9 levels were determined by ELISA (Quantikine 

R&D Systems, Minneapolis, MN) according to the manufacturer’s instructions. A subset of 

patients had both serum and plasma MMP-9 levels measured because MMP-9 is released by 

leukocytes and platelets during clotting, which can affect serum MMP-9 results. 

Radiographic disease status was assessed by MRI, and tumor size was determined by 

measuring contrast-enhancing lesions using standard Macdonald criteria [10]. Non-

enhancing gliomas were measured by cross-sectional evaluation of areas of FLAIR 

hyperintensity. To ensure uniformity, all MRI scans were reviewed by at least two of three 

authors (A.F.H., S.K. and F.M.I.) who were blinded to the MMP-9 levels and patients’ 

outcomes. MRI scans and MMP-9 levels were considered matched if they were performed 

within 30 days of each other. Patients with complete response were considered as having no 

evidence of radiographic disease while patients with partial response, stable disease, and 

progressive disease were classified as having evidence of radiographic disease.

Statistical analyses

MMP-9 values were log transformed before all statistical testing because the distribution of 

MMP-9 values was skewed. We tested the association between MMP-9 and radiographic 

disease status by incorporating all measurements in a logit model with generalized 

estimating equations that corrected for within-patient correlations [11]. Survival was 

measured from study registration to date of death or last follow-up and estimated by 

Kaplan–Meier methodology. The effect of MMP-9 (on the log-scale) on survival was 

analyzed as a time-dependent covariate in a Cox proportional hazards model [12]. 

Correlations between tumor size and serum MMP-9 levels and between MMP-9 

measurements in plasma and serum were assessed by Pearson’s correlation coefficient.

Results

Patient characteristics

A total of 343 eligible patients with gliomas (59% men) enrolled in this study from August 

2002 to September 2008. Follow-up extended through December 2009. There were 41 

patients with low-grade gliomas, 105 with anaplastic gliomas, and 197 with GBM. Forty 

percent of anaplastic glioma and 72% of GBM patients were enrolled within the first 3 

months of diagnosis. At time of analysis, 24% of low-grade glioma, 48% of anaplastic 

glioma, and 81% of GBM patients had died. Median follow-up for survivors was 52 months 

for low-grade glioma patients, 44 months for anaplastic glioma patients, and 29 months for 

GBM patients.

Correlation of serum and plasma MMP-9 levels

There were 714 samples from 24 patients with low-grade gliomas, 60 patients with 

anaplastic gliomas, and 111 with GBMs that were evaluated for MMP-9 levels in both serum 

and plasma. There were strong correlations between serum and plasma MMP-9 levels in 
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low-grade gliomas (r = 0.52, P < 0.0001), anaplastic gliomas (r = 0.58, P < 0.0001), and 

GBMs (r = 0.61, P < 0.0001). Based on these results, all subsequent analyses were 

performed with serum levels.

Serum MMP-9 level and radiographic disease status

A total of 1,734 serial serum samples were collected, including 266 samples from patients 

with low-grade gliomas, 634 from anaplastic gliomas, and 834 from GBM. A total of 1,684 

(97.1%) serum samples had a matched MRI scan, including 263 low-grade glioma, 622 

anaplastic glioma, and 799 GBM samples. Fifty (2.9%) serum samples had no matching 

MRI and were excluded. MMP-9 was obtained within 1 week of the MRI in 77% of 

samples; 56% of samples were obtained on the same day of the MRI scan. Levels of serum 

MMP-9 were not significantly different according to radiographic disease status in low-

grade gliomas (P = 0.98), anaplastic gliomas (P = 0.39) or GBM (P = 0.33). In addition, 

there was no correlation between either unidimensional (length) or bidimensional (area) 

tumor size and serum MMP-9 levels in patients with a low-grade glioma, anaplastic glioma, 

or GBM. Correlation coefficient values ranged from −0.05 to 0.12.

MMP-9 and survival

Twenty-seven patients with (68%) low-grade glioma, 78 (73%) with anaplastic glioma, and 

118 (60%) with GBM had at least a doubling in serum MMP-9 level during this longitudinal 

study. Increases in serum MMP-9 were not associated with changes in survival in the 

anaplastic gliomas (hazard ratio (HR) = 1.1 per each doubling in MMP-9 levels, 95% CI: 

0.8–1.3, P = 0.62) or even when the anaplastic astrocytoma (HR = 1.2 per each doubling in 

MMP-9 levels, 95% CI: 0.9–1.6, P = 0.22) cohort was examined separately. Among patients 

with GBM, longitudinal increases in MMP-9 had a weak correlation with shorter survival 

(HR = 1.1 per each doubling in MMP-9 levels, 95% CI, 1.0–1.3, P = 0.04) (Table 1). On a 

multivariate analysis, longitudinal MMP-9 increases were not an independent prognostic 

marker after adjusting for age, extent of resection, and performance status (Table 2). No 

MMP-9 effect on survival was seen in the subgroups of patients with newly diagnosed 

anaplastic glioma and GBM or 58 GBM enrolled in an upfront phase II trial of 

chemoradiation with temozolomide [9]. Survival analysis for the low-grade glioma cohort 

was not performed due to the small number of deaths in that group (n = 10).

MMP-9 and chemoradiotherapy

Among 58 patients with newly-diagnosed GBM enrolled in our chemoradiation trial, 53 had 

baseline values prior to radiation and temozolomide. The median MMP-9 values were 

similar before (492 ng/ml, interquartile range: 312 and 717) and after (445, interquartile 

range: 282 and 744) chemoradiotherapy.

Discussion

This prospective longitudinal study failed to show any clinical relevance of serum MMP-9 as 

a marker for disease status or survival in a large cohort of patients with glioma. Although 

our prior study showed that serum MMP-9 could be potentially useful as a biomarker of 

disease status in anaplastic gliomas [8], this significantly larger cohort did not confirm that 
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finding. Our preliminary results showing that, in patients with anaplastic gliomas, there was 

a moderated correlation between serum MMP-9 and radiographic disease status was based 

on the analysis of 112 MRI scans [8]. The current study, encompassing 622 MRI scans 

matched with serum MMP-9 levels in anaplastic gliomas, clearly refuted that association. 

Due to the small sample size in our previous work, no multivariate analysis was performed 

[8]. The current study reports that although longitudinal MMP-9 increase was weakly 

associated with increased risk of death in glioblastoma patients on a univariate Cox analysis, 

it was not an independent factor after correction for other clinical prognostic factors. This 

lack of correlation occurred despite reports of MMP-9 expression in glioma detected by 

immunohistochemistry in up to 81% of tissue samples, tumor overexpression of MMP-9 

mRNA in 91% of gliomas [13], and MMP-9 secretion by tumor cells in the bloodstream. 

Several studies in other solid tumors showed that MMP-9 in serum or plasma is elevated in 

patients with cancer compared to normal controls [14, 15]. Most of these studies did not 

collect MMP-9 longitudinally and the association between MMP-9 and prognosis or disease 

status has not been well characterized [16–19]. A small study in primary brain tumors 

showed that urinary MMP had very good sensitivity and specificity to differentiate 

individuals with primary brain tumors (n = 28) from healthy controls (n = 23) [20]. A very 

small longitudinal study of five patients with primary brain tumors showed clearance of 

urinary MMP after gross total resection of the tumor [20]. A serum marker to evaluate 

disease status in conjunction with standard imaging methods or to predict prognosis over 

time, would be most helpful but its identification remains elusive.

Several issues could have accounted for our negative MMP-9 results. It is possible that the 

inclusion solely of patients whose glioma overexpressed MMP-9 would strengthen the 

correlation with disease status or survival. For example, a recent study showed that MMP-9 

overexpression was more common in primary than in secondary GBM, and in those 

overexpressing EGFR or expressing an activated mutant EGFR, EGFRvIII [21]. 

Unfortunately, tumor tissue was not available to evaluate the association between serum 

MMP-9 and tumor EGFRvIII status. Technical differences could also have influenced the 

results. Some studies report that MMP-9 measurements in serum can be contaminated by 

metalloproteinases released by leukocytes and platelets during the clotting process [16]. 

Prior studies have suggested that MMP-9 measurements in serum do not reliably reflect 

circulating MMP-9 levels and may be artificially high compared to results obtained from 

plasma samples [22–24]. We showed, however, that serum and plasma MMP-9 samples were 

highly correlated in our large sample size, so serum samples could be used appropriately. 

Another limitation is that MMP-9 is unstable even when stored at −80 C and its detection 

drops by 65% at 2 years [25]. Our samples, however, were processed after collection so this 

should not have influenced the results. It is possible that determination of MMP-9 activity 

through zymography would more reliably predict disease status and survival. However, a 

study of MMP-9 in the cerebrospinal fluid showed that MMP-9 concentration was more 

sensitive and specific to detect CNS malignancies than MMP-9 activity [26]. Finally, the 

treatment in the overall cohort of patients was not standardized. Nonetheless, MMP-9 was 

not a significant marker of disease status in the subgroup of patients with newly diagnosed 

GBM who were treated uniformly in a chemoradiation clinical trial in our institution [9].

Iwamoto et al. Page 6

J Neurooncol. Author manuscript; available in PMC 2020 August 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In conclusion, we showed that longitudinal evaluation of serum MMP-9 is not associated 

with survival or radiographic disease status in molecularly unselected patients with grade II–

IV glioma. Serum or plasma MMP-9 could still prove useful in prospective clinical trials 

using inhibitors of MMP-9 [27] or in patients selected according to MMP-9 tumor 

expression.
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Table 2

Multivariate analysis including standard prognostic factors and the effect of any longitudinal increase in serum 

MMP-9 in glioblastoma patients

Variable Glioblastoma (n = 164, 140 deaths)

HR (95% CI) P

Each doubling in MMP-9 value 1.1 (0.9–1.2) 0.11

Age (per 10-year increase) 1.3 (1.1–1.5) 0.003

Extent of resection

 Gross total resection 1 0.02

 Partial resection 1.0 (0.7–1.5)

 Biopsy 1.8 (1.2–2.8)

Karnofsky performance scale

 <70 1 0.91

 ≥70 0.9 (0.4–2.1)
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