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Objective: Patients with cutaneous melanoma and a positive sentinel node (SN) are currently eligible for adjuvant
treatment with targeted therapy and immune checkpoint inhibitors. Near-infrared (NIR) fluorescence imaging
could be an alternative and less invasive tool for SN biopsy to select patients for adjuvant treatment. One po-
tential target for NIR is the mesenchymal-epithelial transition factor (MET). This study aimed to assess MET
immunoreactivity in positive SNs and to evaluate its potential diagnostic, prognostic and therapeutic value.
Methods: In this retrospective study, positive SN samples from patients with primary cutaneous melanoma were
collected to assess MET immunoreactivity. To this end, paraffin-embedded SNs were stained for MET (mono-
clonal antibody D1C2). A 4-point Histoscore was used to determine cytoplasmic and membranous immunore-
activity (0 negative/1 weak/2 moderate/3 strong). Samples were considered positive when >10% of the cancer
cells showed MET expression (staining intensity >1). Patient and clinicopathological characteristics were used
for descriptive statistics, binary logistic regression, and survival analyses.

Results: Positive MET immunohistochemistry was observed in 24 out of 37 samples (65%). No statistically sig-
nificant associations were found between MET positivity and the following prognostic factors: Breslow thickness
(P = 0.961), ulceration (P = 1.000), and SN tumor burden (P = 0.792). According to MET positivity, Kaplan-
Meier curves showed no significant differences in survival.

Conclusion: This exploratory study found no evidence to support MET immunoreactivity in positive SNs as a
possible diagnostic or prognostic indicator in patients with melanoma.

1. Introduction

Melanoma is the deadliest form of skin cancer, and its incidence is
increasing [1,2]. However, the prognosis of patients with advanced
melanoma has improved significantly over the past years since the
introduction of systemic therapy with targeted therapies (i.e. BRAF/
MEK inhibitors) and immune checkpoint inhibitors (ICIs, e.g. anti-PD1
and anti-CTLA-4) [3-7]. In patients with surgically resected stage III

cutaneous melanoma, three pivotal phase III trials showed improved
disease-free survival (DFS) for adjuvant treatment as compared to pla-
cebo [8-10]. As a result, patients with surgically resected stage III
cutaneous melanoma have become eligible for adjuvant systemic ther-
apy with BRAF/MEK inhibitors and anti-PD1.

To identify these patients for adjuvant treatment, sentinel node (SN)
biopsy is currently essential for disease staging and to determine prog-
nosis [11-13]. To visualize the SN, best practice dictates the pre-
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operative use of 99m-technetium for lymphoscintigraphy, followed by
an injection of blue dye [14], leading to an SN identification rate of up to
99.6%.% [15]. However, this diagnostic tool causes radiation burden
and blue discoloration of the skin, which can be long-lasting [16,17]. In
addition, postoperative complications such as seroma, wound infection
and lymphedema occur in approximately 1 out of 10 patients
[16,18,19]. Moreover, the majority (70-85%) of SNs from patients with
melanoma are histologically negative (i.e., without metastasis) [20-23].
Therefore, alternative diagnostic tools are required to identify SN
metastasis non-invasively.

A promising non-invasive method to visualize the SN could be the
near-infrared (NIR) technique [24,25], which can differentiate between
malignant and benign proliferative tissue [26] and can image structures
up to a few centimeters under the skin.?” This method often employs
fluorophores, such as specific tumor markers, as these can absorb spe-
cific NIR wavelengths [25,27,28]. A potential target for NIR is
mesenchymal-epithelial transition factor (MET) [29], a proto-oncogene
on the 7q31 locus encoding a transmembrane tyrosine kinase receptor
[30]. In general, when bound and activated by hepatocyte growth factor
(HGF), the HGF/MET signaling pathway plays a role in several normal
cellular processes, such as cell proliferation, motility, and survival [31-
34]. Abnormal activation of the HGF/MET signaling pathway is linked
to malignant cell transformations, including the development and pro-
gression of melanoma [31,32,34-39]. Furthermore, it has been illus-
trated that high levels of MET expression in primary melanoma samples
is associated with an overall poor clinical outcome [31,34,39-41].

To select patients with stage III melanoma for adjuvant systemic
treatment non-invasively, the NIR technique targeting MET could be
promising. To evaluate the feasibility of NIR targeting MET to detect SN
metastases, the immunoreactivity of MET in SNs with melanoma me-
tastases needed to be investigated. In this explorative study, we assessed
MET expression in positive SNs from patients with melanoma and
evaluated its prognostic and therapeutic value.

2. Materials and methods
2.1. Patient selection

This study was approved by the Ethics Committee. Human tissues
and patient data were used according to “The Code for Proper Secondary
Use of Human Tissue” and “The Code of Conduct for the Use of Data in
Health Research” as stated by the Federation of Dutch Medical Scientific
Societies [42,43]. Patients with cutaneous melanoma and a positive SN
at the Erasmus MC Cancer Institute between 2000 and 2016 were
randomly identified. Histopathological information of the SN tumor
burden (i.e. diameter of metastasis and micro-anatomical localization in
the SN) and of the primary melanoma (e.g. Breslow thickness, subtype,
ulceration) was obtained from the pathology reports. Data on patient
characteristics (e.g. age, gender) and follow-up (e.g. recurrence, sur-
vival) were retrieved from the medical records.

2.2. MET immunohistochemistry

The formalin-fixed paraffin-embedded (FFPE) SN samples from pa-
tients with primary cutaneous melanoma were collected at the Erasmus
MC Cancer Institute pathology archives. The FFPE SN samples were
deparaffinized and MET immunohistochemical analysis was done ac-
cording to a standard protocol that was found to be reliable to determine
MET immunohistochemistry. The protocol used the D1C2 antibody
primarily directed against the C-terminus of MET (as well as the pre-
cursor and B-chain). Slides were incubated in the automated staining
platform Benchmark Ultra (Ventana) Pre-treatment was performed with
CC1 (EDTA pH 8.0) for 64 min at 100 °C. Then the primary antibody
D1C2 (1:450; Cell Signaling Technology®; Leiden, the Netherlands), an
antibody directed against the C-terminus of MET, was applied to the
sample and incubated for 90 min at 37 °C. After the incubation,
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detection took place with the ultraView Universal DAB Detection Kit
(Ventana Medical Systems, Inc.). Subsequently, the samples were con-
trasted with hematoxylin II for 20 min and a bluing reagent for 4 min. All
controls gave satisfactory results. The immunohistochemical staining of
MET in positive SN samples was examined simultaneously by two pa-
thologists (T.K. and S.K.). The pathologists used an Olympus EX41 mi-
croscope to review the samples (x20 objective). Both pathologists had
no access to information or knowledge of the patients' clinical outcomes
before immunohistochemical evaluation for MET. Disagreements were
resolved by discussion until consensus was reached.

2.3. Evaluation of MET immunohistochemical staining

In accordance with Cruz et al., samples with <10% of cancer cells
showing immunoreactivity were regarded as (0) negative [40]. The
samples were considered positive when at least 10% of the cancer cells
showed immunoreactivity, categorized semi-quantitatively according to
the following criteria: (1) weak; (2) moderate; (3) strong. The definitions
of the cytoplasmic and membranous ordinal values and representative
images of various staining intensities are illustrated in Fig. 2.

2.4. Statistical analysis

The differences between groups were calculated using y2 tests,
Fisher's exact tests or non-parametric Mann-Whitney U tests, as appro-
priate. Univariable binary logistic regression analyses were performed
to determine associations with positive MET immunohistochemistry (i.e.
staining intensity >1) and clinicopathological factors, including the
following known prognostic factors: Breslow thickness, ulceration, and
SN tumor burden [44,45]. The median follow-up length of the survivors
was calculated from the date of SN biopsy until the last follow-up using
the reverse Kaplan-Meier method. DFS was calculated from the date of
SN biopsy to the date of first recurrence or death by any cause or the last
follow-up. DMFS was calculated from the date of SN biopsy to the date of
first distant recurrence or death by any cause or the last follow-up. OS
was calculated from the date of SN biopsy to the date of death by any
cause or the last follow-up. Follow-up was conducted according to
standard Erasmus MC protocol which entails that in the first year, pa-
tients come for a routine follow-up every 3 months, in the second year
every 6 months, and the third-fifth year once a year. The Kaplan-Meier
method was used to estimate survival, and differences between groups
were assessed using the log-rank test. All P-values were two-sided and P
< 0.05 was considered statistically significant. SPSS (Statistical Package
for Social Science) version 25.0 was used for all statistical analyses (IBM,
Armonk, New York, USA).

3. Results
3.1. Patient selection

Forty-five patients with cutaneous melanoma and at least one posi-
tive SN were selected. MET immunohistochemistry was performed on
one of the positive SNs of patients of whom tissue was available. This
resulted in the inclusion of 37 patients. For the eight excluded patients,
FFPE samples were unavailable or uninterpretable, either due to the
absence of tumor tissue in the residual formalin-fixed paraffin-
embedded (FFPE) or the presence of too much pigment. The median
patient age was 58 years (interquartile range [IQR] 47-65), and most
(62%) patients were females. The median SN tumor burden was 1.5 mm
(IQR 0.8-3.9). In Table 1, all patient and tumor characteristics are
summarized.

3.2. Evaluation of MET immunohistochemical staining

Positive immunohistochemical MET staining (i.e. staining intensity
>1) was observed in 24 out of 37 SN samples (65%). Of these positive
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Table 1

Baseline patient and tumor characteristics by MET immunoreactivity. Samples
were considered positive when >10% of the cancer cells showed MET expression
(staining intensity >1, Histoscore 0-4), n (%) or median (IQR).

Characteristics All patients MET positive MET negative P-
(n=37) (n=24) (n=13) value

Patient characteristics

Age 58 (47-65) 59 (47-65) 54 (46-69) 0.962

Sex 0.495
Male 14 (38) 8 (33) 6 (46)
Female 23 (62) 16 (67) 7 (54)

Tumor characteristics

Breslow, mm 3.7 (2.5-5.5) 3.8 (2.0-5.5) 3.00 (2.6-5.7)  0.961

Location 0.151
Arm 4(11) 2(8) 2(15)
Leg 13 (35) 11 (46) 2(15)
Trunk 20 (54) 11 (46) 9 (70)

Histology n=33 n=22 n=11 1.000
SSM 14 (42) 9 (41) 5 (46)
NM 19 (58) 13 (59) 6 (55)

Ulceration n =36 n=12 1.000
Absent 16 (44) 11 (46) 5(42)
Present 20 (56) 13 (54) 7 (58)

BRAF status n =32 n=21 n=11 1.000
Wild type 17 (53) 11 (52) 6 (55)
Mutant 15 (47) 10 (48) 5 (46)

Total no. of positive 1(1-2) 1(1-3) 1(1-2) 0.450
SNs

SN tumor burden, 1.5 (0.8-3.9) 1.3 (0.8-3.5) 1.5 (0.9-4.5) 0.792
mm

SN tumor burden, n=36 n=12 1.000
subgroups
<1.0 mm 14 (39) 9 (40) 5(38)
>1.0 mm 22 (61) 14 (60) 8 (62)

Therapy

CLND 0.602
No 4(11) 2(8) 2(15)
Yes 33(89) 22 (92) 11 (85)

Local therapy” 0.489
No 21 (57) 15 (62) 6 (46)
Yes 16 (43) 9 (38) 7 (54)

Systemic therapy” 0.446
No 28 (76) 17 (71) 11 (85)
Yes 9 (24) 7 (29) 2(15)

Outcome

Recurrence 0.793
No 16 (43) 11 (46) 5(39)
Yes 21 (57) 13 (54) 8 (61)

Type of first 1.000
recurrence
Locoregional® 11 (55) 7 (58) 4 (50)
Distant 9 (45) 5(42) 4 (50)

Status 0.497
NED 19 (51) 14 (58) 5(38)
AWD 2 (5) 1@ 1(8)
DOC 1(3) 0 1(8)
DOD 15 (41) 9 (38) 6 (46)

Abbreviations: AWD, alive with disease; CLND, completing lymph node dissec-
tion; DOC, death other cause; DOD, death of disease; IQR, interquartile range;
MET, mesenchymal-epithelial transition factor; NED, no evidence of disease;
NM, nodular melanoma; SN, sentinel node; SSM, superficial spreading
melanoma.

 Surgical excision and/or radiotherapy.

b Chemotherapy and/or immunotherapy and/or targeted therapy.

¢ Locoregional recurrence includes satellites, in-transit metastases, and
regional lymph node metastases.

samples, 17 (71%) showed both cytoplasmic and membranous immu-
noreactivity. Only cytoplasmic MET-expression was found in five sam-
ples (21%), only membranous MET-expression in two samples (8%).
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3.3. MET correlation with clinicopathological features and prognostic
significance

In univariable binary logistic regression, no association between
MET immunoreactivity of the SN and the standard clinicopathological
features of primary melanoma was observed, including Breslow thick-
ness (P = 0.886), ulceration (P = 0.813), and SN tumor burden (P =
0.696) (see Table 2). Kaplan-Meier curves (in years) are presented in
Fig. 1, with a median follow-up of 85 months (IQR 57-140). Presence of
MET expression in the SN was not found to be prognostic for DFS (P =
0.675), distant metastasis-free survival (DMFS, P = 0.280), and overall
survival (OS, P = 0.395).

4. Discussion

The current study examined the MET immunoreactivity in patients
with cutaneous melanoma with positive SNs and evaluated its potential
diagnostic and prognostic value. MET immunoreactivity was observed
in 65% of the positive SNs, with a wide range of expression in both in-
tensity and cytoplasmic and/or membranous localization. However,
MET immunoreactivity was neither associated with primary tumor
characteristics or SN tumor burden, nor with survival.

Since MET expression is upregulated in several malignancies
[46,47], it has become a target for the development of imaging probes,
showing promising results [26,48]. As our data showed that MET was
not present in 35% of the positive SN samples, it is not conceivable that
MET could serve as a sensitive diagnostic tracer for NIR to identify
positive SNs in patients with melanoma who are currently eligible for SN
evaluation (i.e., patients with >T1b cutaneous melanoma) non-
invasively [49]. With MET immunoreactivity in two-thirds of positive
SN, one-third of positive SNs would be missed if MET would be used as
a target for NIR. Whilst the current golden standard to identify the SN
with lymphoscintigraphy and blue dye is successful in the vast majority
of patients [15,50], comorbidities associated with SN biopsy are not
negligible [16,19]. Moreover, this procedure cannot differentiate be-
tween SNs with or without metastasis prior to surgery, as the patho-
logical examination is required. In order to identify a subgroup of

Table 2
Univariable binary logistic regression for positive MET immunoreactivity.

Characteristics n Univariable OR (95% CI) P-value
Patient characteristics
Age 37 0.99 (0.94-1.04) 0.643
Sex

Female 23 Reference

Male 14 0.58 (0.15-2.32) 0.445
Tumor characteristics
Breslow, mm 36 0.81 (0.04-15.32) 0.886
Location

Trunk 20 Reference

Arm 4 0.82 (0.10-7.02) 0.855

Leg 13 4.50 (0.79-25.77) 0.091
Histology

NM 19 Reference

SSM 14 0.83 (0.19-3.58) 0.803
Ulceration

Present 20 Reference

Absent 16 0.84 (0.21-3.43) 0.813
BRAF status

Mutant 17 Reference

Wild type 15 0.92 (0.21-3.96) 0.907
No. of positive SNs 37 1.87 (0.66-5.28) 0.235
SN tumor burden, mm 36 0.73 (0.15-3.53) 0.696
SN tumor burden, subgroups

>1.0 mm 22 Reference

<1.0 mm 14 1.03 (0.26-4.16) 0.968

Abbreviations: CI, confidence interval; IQR, interquartile range; MET,
mesenchymal-epithelial transition factor; NM, nodular melanoma; SN, sentinel
node; SSM, superficial spreading melanoma.



E.E.A.P. Mulder et al.

Annals of Diagnostic Pathology 58 (2022) 151909
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Fig. 1. Kaplan-Meier curves, comparing (A) DFS, (B) DMFS and (C) OS of patients with MET positive versus MET negative SN metastases. Samples with <10% of
cancer cells showing immunoreactivity were regarded as (0) negative. The samples were considered positive when at least 10% of the cancer cells showed

immunoreactivity.

(A)

Staining intensity  Classification Cytoplasmic

Membranous

0 Negative No (<10%) cytoplasmic staining

1 Positive Weak cytoplasmic staining

2 Positive Moderate cytoplasmic staining
Positive Strong cytoplasmic staining

No (<10%) membranous staining

Weak complete OR

Weak/moderate/strong incomplete membranous staining
Moderate complete membranous staining

Strong complete membranous staining

Fig. 2. MET immunohistochemistry on melanoma positive SN tissue. (A) The 4-point Histoscore to determine cytoplasmic and membranous immunoreactivity. (B)
Photographs representing the defined staining intensities observed using D1C2 (x20 objective).

patients where MET could serve as a fluorophore for positive SN
detection with NIR, it would be interesting to correlate the presence of
MET in the primary tumor to the MET status in the SN.

Although limited, previous studies focusing on primary cutaneous
melanoma, suggest that MET expression is related to a poorer outcome
[36,51] and survival [40]. Cruz and colleagues found that membranous
MET overexpression in the primary melanoma was statistically signifi-
cant associated with more aggressive behavior (resulting in poor clinical
outcome), whereas cytoplasmic MET overexpression alone was not [40].
In line with this study by Cruz et al., most SN samples in the current
study showed cytoplasmic and membranous staining of MET. However,
MET positivity in SNs from our melanoma cohort was not associated
with known pathological parameters associated with poor prognosis,

such as Breslow depth, ulceration, and SN tumor burden [44,45]. In
contrast to previous studies indicating a worse clinical outcome in pa-
tients with MET overexpression [31,39-41], positive SN MET expression
was neither associated with SN tumor burden nor with survival. Hence,
MET expression in SNs with melanoma metastases does not appear
reliable for NIR detection to stratify patients who could benefit from
adjuvant treatment.

While the prognostic impact of MET activation remains unclear, it
has been suggested that the HGF/MET signaling pathway could serve as
a therapeutic target in the treatment of melanoma [52-54]. This targeted
approach would be similar to patients with BRAF mutant (mt) mela-
noma; although its prognostic impact is controversial [55], the intro-
duction of BRAF inhibitors in patients with BRAF-mt melanoma (present
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in 40-60% of patients [56,57]) has led to revolutionary changes in the
treatment of advanced metastatic melanoma [58,59]. The combination
of BRAF/MEK inhibitors further improved these outcomes in patients
with BRAF-mt advanced melanoma [4] and also showed improved DFS
rates in the adjuvant setting [60]. However, their efficacy is not yet
satisfactory. This is due to the fact that patients with melanoma may
either have an innate resistance to these targeted drugs, or acquire some
form of resistance early on in the treatment regime [59,61,62]. Previous
studies have shown that the presence of MET can lead to bypass
signaling and resistance to targeted therapies [63], suggesting that level
of MET expression may be used to predict resistance to BRAF inhibitors
in patients with melanoma [64-67]. Therefore, it might be useful to
determine MET expression to identify patients who will or will not
benefit from BRAF/MEK inhibitors, preferably prior to treatment
commencement (in both the advanced and adjuvant setting). Pre-
liminary results of selective MET inhibitors in patients with elevated
MET expression showed promising results [67,68]. To evaluate the po-
tential of MET inhibitors as an adjunct or even alternative treatment to
established therapeutic strategies, further clinical research is needed.

Although this is the first study addressing the presence of MET in
positive SNs from patients with cutaneous melanoma, the current study
has limitations. The fact that this study did not demonstrate a statisti-
cally significant association between MET positivity in SNs positive for
melanoma and survival could be attributed to the fact that sample size
was limited. Another explanation for the failure to observe this in the
SNs, while this has been observed in the primary melanoma, could be
attributed to the fact that the immunohistochemical environment in SNs
is different than in primary melanoma tissue [69]. Since the Erasmus MC
Cancer Institute is an academic tertiary referral hospital, the vast ma-
jority of patients were referred for SN biopsy after primary diagnosis.
Therefore, primary melanoma tissue was not available for comparison.
Although this study did not find a significant association between MET
immunoreactivity and prognostic pathological features such as Breslow
thickness, ulceration, and SN tumor burden, further investigation is
needed. To further evaluate MET expression in patients with stage II-II
cutaneous melanoma, matched samples of primary melanoma and SNs
(both positive and negative) should be investigated.

5. Conclusions

This exploratory study illustrated that the expression of MET in
positive SNs from patients with melanoma was not detected in a third of
all samples, suggesting that the use of MET as a diagnostic tracer for non-
invasive NIR is currently limited. In addition, this study found no evi-
dence to support MET immunoreactivity in positive SNs as a possible
prognostic indicator. Since MET was present in two-thirds of patients,
MET could serve as a therapeutic target for targeted therapy in a se-
lection of patients with cutaneous melanoma, similar to BRAF/MEK
inhibitors in patients with BRAF-mt melanoma.
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