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Abstract Matrix metalloproteinases (MMPs) are impor-
tant enzymes in tissue turnover and various inflammatory
processes. In this study, it was evaluated whether serum
MMP-8 can predict the response to adjuvant interferon
alfa-2b (IFN-a) therapy in patients with operated high-
risk cutaneous melanoma. Pre-treatment sera from 460
patients with stage IIB-IIIC melanoma were analyzed for
MMP-8. The patients were randomized after surgery to
adjuvant IFN-a for 12 or 24 months (n = 313) or observa-
tion only (n = 147). The median serum MMP-8 level was
used to classify the patients into a low MMP-8 (n = 232)
and a high MMP-8 (n = 228) group. In the high MMP-8
subgroup, IFN-a therapy significantly improved relapse-
free survival (RFS). RFS was 36.8 months in patients with
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high MMP-8 levels receiving IFN-a therapy, whereas RFS
for those with high MMP-8 levels with observation only
was 10.6 months (P = 0.027). Median overall survival for
patients with high MMP-8 and observation only was 36.7
versus 71.7 months in those receiving IFN-a (P = 0.13).
In a multivariate model, IFN-a therapy was a significant
predictor of favorable RFS (HR 0.74; 95 % CI 0.55-0.99;
P = 0.048), after adjustment for pre-treatment MMP-8
(HR 1.17; 95 % CI 0.88-1.55; P = 0.28), gender (HR
1.16; 95 % CI 0.86-1.56; P = 0.32), age (HR 1.00; 95 %
CI 1.00-1.02; P = 0.12), ulceration (HR 1.09; 95 % CI
0.81-1.46; P = 0.58), and the presence of node metastases
(HR 1.36; 95 % CI 1.17-1.58; P < 0.0001). In conclusion,
patients with high serum MMP-8 levels may benefit from
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adjuvant IFN-a therapy, but this observation should be fur-
ther investigated.
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Abbreviations
AJCC American Joint Committee on Cancer

ANOVA  Analysis of variance

BRAF v-Raf murine sarcoma viral oncogene homolog
B1

CI Confidence interval

Ccv Coefficent of variation

ECOG Eastern cooperative oncology group

HNSCC Head and neck squamous cell carcinomas

HR Hazard ratio

IFMA Immunofluorometric assay

IFN Interferon

ISG Interferon stimulated gene

KRAS Kirsten rat sarcoma viral oncogene homolog

LDH Lactate dehydrogenase

MIA Melanoma-inhibiting activity

MMP Matrix metalloproteinase

NRAS Neuroblastoma RAS viral oncogene homolog

oS Overall survival

RFS Relapse-free survival

Introduction

Matrix metalloproteinases (MMPs) form a group of 25
structurally related but genetically distinct Zn2+-dependent
endoproteases [1]. MMP-8 is a collagenase-2 or neutro-
phil collagenase degrading primarily type I collagen and to
lesser extent also collagens II and III as well as aggrecan
[1]. MMP-8 (collagenase-2) functions in connective tis-
sue turnover in various inflammatory processes [1]. MMPs
are important molecules for the immune cell recruitment,
and they can modify cellular communication and immune
responses by proteolytic processing of non-matrix bioactive
substrates such as cytokines, chemokines, serpins, apoptosis
factors, cell adhesion factors, and complement components
[2]. MMP-8 is expressed in neutrophils [3], macrophages
[4] and plasma cells [5] but also in a wide variety other cells
such as epithelial cells [1] and fibroblasts [3].

In human malignancies, MMP-8 is up-regulated in head
and neck squamous cell carcinomas [6], in lung cancer [7],
in ovarian carcinomas [8], in breast cancer cell lines [9],
as well as in melanoma [10]. Interestingly, MMP-8 is often
mutated in melanoma together with neuroblastoma RAS
viral oncogene homolog (NRAS) or v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF) [10], suggesting that
wild-type and mutated MMP-8 might also be associated
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with different growth and outcome of melanomas in vivo.
Serum markers associated with melanoma progression
include lactate dehydrogenase (LDH), S100B, melanoma-
inhibiting activity (MIA), tumor-associated antigen 90
immune complex, heparin- and chitin-binding lectin YKL-
40 ([11, 12] and references there-in), and MMP-9 [13].

The role of IFN-a as an adjuvant treatment in high-risk
melanoma has been extensively studied ([14] and refer-
ences there-in). Only few studies have found survival ben-
efit for patients receiving IFN-a therapy ([15], [16]). How-
ever, a consistent finding in previous studies is prolonged
disease-free survival in patients receiving adjuvant IFN-q,
independently of IFN-a dose and treatment schedule [17].
Furthermore, meta-analyses confirm that there is a small
OS benefit in patients receiving IFN-a as adjuvant treat-
ment [17, 18]. These results suggest that there may be a
subpopulation of patients highly sensitive to IFN-a therapy.
Previously described predictive factors to suggest ben-
eficial effect of IFN-a therapy are disease stage (N1) and
tumor ulceration [19].

A number of biological phenomena are known to be asso-
ciated with IFN-a therapy, including increase in the number
of regulatory T cells [20] and serum ferritin levels [21]. In
addition, multiplex analysis of serum cytokines suggests
that the levels of various immunosuppressive and tumor
angiogenic cytokines are affected and may predict respon-
siveness to IFN [22]. However, only the serum S100B levels
[23, 24] have shown some predictive value when analyzed
in randomized clinical adjuvant IFN-a trials.

In the present study, we analyzed the serum samples
collected from the patients in the Nordic IFN Trial to fur-
ther elucidate the prognostic and predictive significance of
MMP-8 levels in patients with resected high-risk stage 1IB
or stage III melanoma.

Patients and methods
Patients

Altogether 855 consecutive patients with histologically ver-
ified resected cutaneous melanoma were enrolled into the
original Nordic IFN Trial between November 11, 1996, and
September 1, 2004 [25]. The original study is registered
with ClinicalTrials.gov number NCTO1259934. Patient
inclusion criteria in the Nordic IFN trial were as follows:
a histologically verified cutaneous melanoma, AJCC stage
IIB-III and radical surgery, age at diagnosis >18 years,
ECOG performance status 0—1, normal bone marrow func-
tion, liver chemistry, renal function, normal chest X-ray,
abdominal ultrasound, and clinical examination.

All patients had provided written or oral informed con-
sent according to the requirements in each participating
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country. Patients were randomized in a 1:1:1 ratio to three
different study groups: observation only (group A), adju-
vant IFN-a2b, 10 million units (MU) flat dose subcutane-
ously 5 days per week for 4 weeks (induction) followed
by IFN-a2b 10 MU subcutaneously 3 days per week for
12 months (group B), or adjuvant IFN-a2b 10 million
units (MU) flat dose subcutaneously 5 days per week for
4 weeks (induction) followed by IFN-a2b 10 MU subcuta-
neously 3 days per week for 24 months (group C). Patients
were followed-up for 10 years.

The subcohort of the current study comprised 460
patients, whose serum samples were available for trans-
lational analysis. Unfortunately the studied patient cohort
is small, because when the Nordic IFN study was started
the collection of serum samples was incomplete. Sev-
eral patients were treated in centers, where collection of
translational serum samples was not possible. These 460
patients include patients in Group A with observation only
(n = 147), those in Group B with intermediate-dose adju-
vant IFN-a for 12 months (n = 155), as well as Group C
who received adjuvant IFN-a for 24 months (n = 158). In
most analysis of the present study, patients in Group B and
C (n = 313) were clumped together and compared with
those in Group A (n = 147).

Measurement of serum MMP-8 levels
by immunofluorometric assay IFMA)

MMP-8 concentrations were analyzed by a time-resolved
immunofluorescence assay, as described previously [3].
The monoclonal MMP-8 specific antibodies 8708 and 8706
(Medix Biochemica, Kauniainen, Finland) were used as a
catching and tracer antibody, respectively. Europium-che-
late was used to label the tracer antibody. The samples were
diluted in assay buffer, incubated for 1 h, and followed by
incubation for 1 h with the tracer antibody. Enhancement
solution was added, and the fluorescence was measured
after 5 min using 1234 Delfia Research Fluoremeter (Wal-
lac, Turku, Finland). MMP-8 levels are expressed as ng/ml.
The interassay coefficient of variation was 7.3 % (n = 28)
and detection limit for the assay 0.08 ng/ml [3]. Serum
samples from all patients were gathered after surgery and
randomization into the study, but before any IFN-treatment
or observation. Each serum sample was stored at -80 C
until analyzed for MMP-8 content. The mean value of three
parallel measurements in a single sample was used as the
MMP-8 value in all analysis.

Statistical analysis

Statistical analyses were done using two statistical software
packages: IBM SPSS 20.0.1 for Windows (IBM, NY, USA)

and STATA/SE 12.1 software (STATA Corp., Texas, USA).
Frequency tables were analyzed using the Chi-square test,
with likelihood ratio or Fischer’s exact test being used to
assess the significance of the correlation between the cat-
egorical variables. Odds Ratios and their 95 % Confidence
Intervals (95 % CI) were calculated where appropriate,
using the exact method. Differences in the means of con-
tinuous variables were analyzed using nonparametric tests
(Mann—Whitney or Kruskal-Wallis) for 2- and multiple
independent samples, respectively. Analysis of variance
(ANOVA) was only used for deriving the mean values (and
their 95 % CI) of each individual stratum. Univariate sur-
vival analysis for the outcome measure (DSS, RFS) was
based on Kaplan—-Meier method, with log-rank (Mantel-
Cox) comparison test. To assess the value of serum MMP-8
level (below/above median) as an independent predictor,
multivariate survival analysis was performed, using the
Cox proportional hazards regression model controlling
for the confounding by the following variables: age (con-
tinuous), gender (male = 0, female = 1), Breslow thick-
ness (in mm), ulceration (yes = 1, no = 2), stage (I vs.
II), and treatment arm (observation vs. adjuvant IFN-a for
1-2 years). In all tests, the values P < 0.05 were regarded
statistically significant.

We also separately calculated multivariate survival anal-
ysis for stage III patients only. These patients were divided
into categories 1, 2, or >3 positive lymph nodes.

Preliminary results of this manuscript have been orally
presented and published as a congress abstract at the Nor-
dic Melanoma Meeting in Malmo, Sweden, 2012.

Results
Patient characteristics

Serum samples for MMP-8 analysis were available from
460 patients, comprising the material of the present
study. The median follow-up time for patients alive at the
end of the study period was 68.7 months (range 1.64—
137.9 months). The key patient characteristics are pre-
sented in Table 1.

RFS and OS in different treatment arms

We wanted to confirm that the current patient cohort with
serum samples available was similar to the one included
in the original Nordic IFN trial. RFS was 21.8 months in
observation only Group A (n = 147), and 42.0 months in
combined adjuvant IFN-a for 12 or 24 months Group B + C
(n = 313) (P = 0.063). OS was 57.8 months in Group A,
and 70.6 months in combined Group B + C (P = 0.289).
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(Total n = 460) Observation (n = 147) Adjuvant IFN-o (n = 313)

176
Table 1 Character.istic§ of Variable
the 460 operated high-risk
melanoma patients before Age years
randomization
Men
Women

Performance status
0
1

Unknown

Breslow mean tumor thickness mm

Ulceration

Absent
Data are median numbers Present
(range). Tumor ulceration data Unknown
were missing from 88 (19 %)
of patients because recording of AJCC stage
tumor ulceration was adopted MB-IIC
into routine practice only since N1
2005 TIN2
AJCC American Joint I1IN3

Committee on Cancer

48.8 (17-77) 50 (17-76) 52 (22-77)
296 (64 %) 93 (63 %) 203 (65 %)
164 (36 %) 54 (37 %) 110 (35 %)
410 (89 %) 123 (84 %) 287 (92 %)

48 (10 %) 23 (16 %) 25 (8 %)

2 (<1 %) 1(<1 %) 1 (<1 %)
3.75(0.16-45)  3.45 (0.5-20) 3.89 (0.16-45)
243 (53 %) 81 (55 %) 162 (52 %)
129 (28 %) 36 (25 %) 93 (29 %)

88 (19 %) 30 (20 %) 58 (19 %)

92 (20 %) 30 (20 %) 62 (20 %)

205 (45 %) 67 (46 %) 138 (44 %)
102 (22 %) 31 (21 %) 71 (23 %)

61 (13 %) 19 (13 %) 42 (13 %)

Serum MMP-8 levels

The median pre-treatment serum level of MMP-8 in
the whole cohort of 460 patients was 21.8 ng/ml (range
0.28-809). Using this median MMP-8 level as cutoff, we
divided the patient cohort into two groups: (1) those with
serum MMP-8 levels (n = 232) below the median, hereaf-
ter referred to as the “low MMP-8 group” having median
serum MMP-8 levels of 11.7 ng/ml (range 0.3-21.8) and (2)
patients with MMP-8 levels above the median, referred to as
the “high MMP-8 group” (n = 228), whose median serum
MMP-8 level was 39.7 ng/ml (range 22.4-809). Patient char-
acteristics and serum MMP-8 levels are shown in Table 2.

Serum MMP-8 levels and RFS

Median RFS in the whole patient group (n = 460) was
36.8 months. Patients with pre-treatment MMP-8 levels
below the median had a median RFS of 45.1 months as com-
pared to 23.4 months for those with MMP-8 levels above the
median, but the difference was not statistically significant
(P =0.17). When analyzing the effect of treatment according
to pre-treatment MMP-8 levels, patients with high MMP-8
had a significant benefit from the adjuvant therapy in con-
trast to patients with low MMP-8 levels. Median RFS for
patients with high MMP-8 and no adjuvant therapy (n = 73)
was 10.6 months compared to patients that received adjuvant
therapy (n = 155), in whom median RFS was 36.8 months
(P = 0.027) (Fig. 1). In the low MMP-8 group, patients
without adjuvant treatment (n = 74) had a median RFS of
38.2 months as compared with 50.4 months among those
receiving adjuvant therapy (n = 158) (P = 0.63) (Fig. 2).
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Patients in the control arm (Group A; n = 16) who had
both high MMP-8 levels and an ulcerated tumor had a median
RFS of 7.6 months as compared to 19.6 months among
patients with high MMP-8 levels and ulcerated tumors in the
treatment arm (Groups B + C; n = 44) (P = 0.26).

In a multivariate model, IFN-a therapy was a significant
predictor of favorable RFS (HR 0.74; 95 % CI 0.55-0.99;
P = 0.048), after adjustment for pre-treatment MMP-8
(HR 1.17; 95 % CI 0.88-1.55; P = 0.28), gender (HR 1.16;
95 % CI 0.86-1.56; P = 0.32), age (HR 1.00; 95 % CI
1.00-1.02; P = 0.12), ulceration (HR 1.09; 95 % CI 0.81—
1.46; P = 0.58), and number of lymph node metastases (0
or >1; HR 1.36; 95 % CI 1.17-1.58; P < 0.0001).

We also separately analyzed stage III patients (n = 338)
in a multivariate model, because number of positive lymph
nodes is an important prognostic factor for RFS and OS. In
this analysis, IFN-a therapy was still a significant predictor
of favorable RFS (HR 0.74; 95 % CI 0.55-1.00; P = 0.05),
after adjustment for pre-treatment MMP-8 (HR 1.20;
95 % CI 0.91-1.59; P = 0.20), gender (HR 1.14; 95 % CI
0.85-1.54; P = 0.39), age (HR 1.00; 95 % CI 1.00-1.02;
P = 0.16), ulceration (HR 1.00; 95 % CI 0.74-1.36;
P = 1.00), and number of lymph node metastases: one (HR
0.79; 95 % CI 0.54-1.18; P = 0.25), two (HR 1.39; 95 %
CI10.90-2.13; P = 0.16), and three or more (HR 2.13; 95 %
CI 1.35-3.36; P = 0.001).

Serum MMP-8 levels and OS
Median OS in the whole subcohort (n = 460) was

69.5 months. In the low MMP-8 group, median OS was
71.5 months, whereas in the high MMP-8 group, OS was
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Table 2 Patient characteristics Patients Median MMP-8 (range) Low MMP-8 Group High MMP-8 Group
as related to pre-treatment (n = 232)* (n = 228)
serum MMP-8 levels
All (n = 460) 21.7 ng/ml (0.28-809 ng/ml)
Men (n = 296) 22.8 ng/ml (1.48-809 ng/ml) 147 149
Women (n = 164) 21.14 ng/ml (0.28-508 ng/ml) 85 79
Breslow (n = 435) 219 216
Clark (n = 457)
I 17.56 ng/ml (7.45-212 ng/ml) 9 8
I 24.68 ng/ml (4.04-809 ng/ml) 49 63
v 21.13 ng/ml (1.68-508 ng/ml) 109 98
\Y% 24.34 ng/ml (0.28-216 ng/ml) 19 21
VI 18.51 ng/ml (1.48-450 ng/ml) 46 35
Ulceration
Absent 21.7 ng/ml (0.3-809 ng/ml) 122 121
Present 20.6 ng/ml (3.7-508 ng/ml) 69 60
Unknown 23.2 ng/ml (1.7-204 ng/ml) 41 47
AJCC stage
AJCC American Joint IIB-C 16.4 ng/ml (0.28-285 ng/ml) 56 36
Committee on Cancer I (N1-3) 23.9 ng/ml (1.5-809 ng/ml) 176 192
* Median serum MMP-8 level N1 24.4 ng/ml (1.5-508 ng/ml) 98 107
31 1\/71 e‘;gi; Tlsi?j;z;dfd ;i; nlleliel IIN2 23.9 ng/ml (1.7-809 ng/ml) 47 55
39.7 ng/ml (22.4-809 ng/ml) ITIN3 21.7 ng/ml (3.3-263 ng/ml) 31 30
1.00 o 1.00 1
3 0.75 _ o7
z 2
% IFN-alfa therapy U% .
£ 0507 g o0s0{ im0 Observation
g 777777777777777777777777 § IFN-alfa therapy
o Observation g
0.25 4 O 425
0.00 . ‘ . 0.00
0 50 100 150 0 % 100 150

Relapse-Free Survival (months)

Fig. 1 Relapse-free survival in 228 patients with high serum MMP-8
is associated with treatment arms. Dash line = Patients (n = 73) in
observation only. Black line = Patients (155) with adjuvant IFN-a
therapy (1 or 2 years); Log-rank P = 0.027

56.6 months (P = 0.25). Patients with high MMP-8 lev-
els receiving adjuvant IFN-a therapy (n = 155) had a
median OS of 71.7 months as compared to 36.7 months
among those in the observation group (Group A; n = 73)
with high MMP-8 levels (P = 0.13) (Fig. 3). Patients with
low MMP-8 levels in the observation group (Group A;
n = 74) had a median OS of 94.0 months as compared to

Relapse-Free Survival (months)

Fig. 2 Relapse-free survival in 232 patients with low serum MMP-8
according to treatment arms. Dash line = Patients (n = 74) in obser-
vation only. Black line = Patients (158) with adjuvant IFN-a therapy
(1 or 2 years); Log-rank P = 0.63

70.6 months among those with low MMP-8 levels receiv-
ing adjuvant therapy (n = 158) (P = 0.96) (Fig. 4).
Duration of adjuvant treatment had a positive impact on
OS in the high MMP-8 group. Patients in the observation
Group A (n = 73) had a median OS of 36.6 months as con-
trasted to those with 2 years of adjuvant therapy (n = 76),
who had a median OS of 88.6 months (P = 0.043,
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Fig. 3 Overall survival in 228 patients with high MMP-8 accord-
ing to treatment arms. Dash line = Patients (n = 73) in observation
only. Black line = Patients (155) with adjuvant IFN-a therapy (1 or
2 years); Log-rank P = 0.13

log-rank). Patients with 1 year of adjuvant therapy
(n =179), had a median OS of 47.3 months but the survival
difference compared to Group A (observation only) was not
significant (P = 0.50, log-rank).

In a multivariate model, IFN-a therapy did not reach
statistical significance as predictor for OS HR 0.77; 95 %
CI 0.56-1.04; P = 0.09), following adjustment for MMP-8
(HR 1.14; 95 % CI 0.85-1.52; P = 0.39), gender (HR 1.61;
95 % CI 1.17-2.23; P = 0.004), age (HR 1.02; 95 % CI
1.00-1.03; P = 0.004), ulceration (HR 1.09; 95 % CI 0.81-
1.48; P = 0.56), and number of lymph node metastases (0
or >1; HR 1.41; 95 % CI 1.21-1.64; P < 0.0001).

Discussion

Serum LDH is the only recognized melanoma biomarker
in the AJCC stage classification [26]. Serum LDH, S100B,
and MIA can be used in determination of prognosis of
stage IV melanoma [11]. Similarly, increased serum con-
centrations of angiogenic factors correlate with melanoma
progression and survival [23, 24, 27]. In metastatic mela-
noma, unchanged or declining S100B levels seem to cor-
relate with better treatment response [27].

There is a need for biological markers capable of pre-
dicting the outcome of IFN-a adjuvant therapy. Detailed
analysis of patients sera or tumor tissue might disclose such
predictive markers, as suggested by a recent meta-analyses
implicating that IFN-a therapy overall is borderline benefi-
cial in high-risk patients, however, without giving a detailed
categorization according to tumor-related characteristics.
Yurkovetsky and co-workers [22] performed a multiplexed
serum cytokine analysis and described some changes in
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Fig. 4 Overall survival in 232 patients with low MMP-8 accord-
ing to treatment arms. Dash line = Patients (n = 74) in observation
only. Black line = Patients (158) with adjuvant IFN-a therapy (1 or
2 years); Log-rank P = 0.96

pro-inflammatory cytokine levels to be associated with
RFS. Busse et al. [28] analyzed interferon response genes
in peripheral blood of melanoma patients and showed that a
decrease in mRNA levels of the interferon stimulated gene
15 (ISG15) was associated with worse outcome during IFN
therapy.

MMP-8 is a neutrophil collagenase-2 that has been
found to be activated in the chronic inflammation and in
the wound healing [1]. High serum levels of MMP-8 seem
to be associated with an increase of cardiovascular disease
events [29] and increased mortality among patients with
interstitial lung disease [30]. In MMP-8-deficient mice,
wound healing is delayed [31]. MMP-8 serum and tissue
levels are increased in various tumor types [1]. However,
MMP-8 is under strict epigenetic control in many cancers,
e.g., in glioma and breast cancer cells [32].

We confirmed that RFS and OS in our cohort were simi-
lar to those found in the original Nordic IFN study com-
prising the whole study population. RFS and OS were mar-
ginally better in patients treated with IFN-a either 1 or 2
years, in accordance to earlier results [25].

We measured the pre-treatment serum levels of MMP-8
in melanoma patients, who had undergone surgery for high-
risk stage IIB-C or stage III disease. All measurements
were performed before assignment of study arms (obser-
vation only vs. adjuvant IFN-a therapy for 1 and 2 years).
In the present study, median serum levels of MMP-8 cor-
responded well to those described in our previous study
on melanoma patients [33] as well as to those in the study
on colorectal cancer patients by Viyrynen et al. [34]. The
weakness of our study is the limited number of serum sam-
ples. We were able to analyze samples of 460 patients, i.e.,
only 54 % of the original patient population. The sample
amount was limited because many patients were treated in
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small centers where collection of translational samples was
not possible.

Tumor burden and ulceration may be associated with
responsiveness to adjuvant IFN-a therapy [19]. Patients
with ulcerated tumors and only microscopic lymph node
involvement (N1) are known to benefit from adjuvant treat-
ment [19]. The Nordic IFN trial showed that there was a
benefit of IFN-a therapy also in patients without ulcerated
primary tumors [25]. In the present cohort, patients with
ulcerated tumors and high MMP-8 levels had the poorest
RFS and OS of all, but this difference did not reach statisti-
cal significance.

Adjuvant therapy with intermediate-dose IFN-a was
particularly beneficial in patients with high pre-treatment
serum MMP-8 levels. Patients with high MMP-8 levels had
significantly more favorable RFS if treated with IFN-a as
compared to those in the observation group. In contrast,
there was no difference in RFS with respect to study arm
(observation vs. IFN-a therapy) among patients with low
pre-treatment MMP-8 levels.

On the basis of a recent genetic analysis, MMP-§
expression can be either detrimental or beneficial regard-
ing the development and progression of cancer [10, 35].
Interestingly, in 23 % of melanomas, the MMP-8 gene
is mutated, implicating that the wild-type MMP-8 has
the ability to inhibit melanoma progression [10]. It is not
known, whether a mutated MMP-8 gene leads to increase
of MMP-8 levels in sera. Furthermore, we do not know
whether serum MMP-8 is in an activated or in a latent
form. These findings suggest that there may also be other
mutated growth-regulatory genes in melanoma, in addition
to BRAF, NRAS and Kirsten rat sarcoma viral oncogene
homolog (KRAS).

Taken together, the present results suggest that
MMP-8 may act as a serum marker predicting response
to adjuvant IFN-a therapy in a subgroup of patients with
high-risk malignant melanoma. Patients with high pre-
treatment serum MMP-8 levels seem to benefit more
from adjuvant IFN-a therapy as compared to patients
with low serum MMP-8 levels. However, the observa-
tion of IFN-a benefit mainly in the MMP-8 high patient
group is hypothesis generating and should be further
investigated.
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