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Background: Substantial evidence suggests that receptor tyrosine kinases

(RTKs) are overexpressed in tumors; however, few studies have focused on

the prognostic value of RTKs in melanoma.

Objectives: The objective of this study is to evaluate the association between

overexpression of RTKs and survival in melanoma patients based on

immunohistochemistry (IHC) analysis.

Methods: Our review is registered on PROSPERO (http://www.crd.york.ac.uk/

PROSPERO), registration number CRD42021261460. Seven databases were

searched, and data were extracted. We used IHC to measure the association

between overexpression of RTKs and overall survival (OS), disease-free survival

(DFS), progression-free survival (PFS), and clinicopathology in melanoma

patients. Pooled analysis was conducted to assess the differences between

Hazard Ratios along with 95% confidence intervals.

Results: Of 5,508 publications examined following the database search, 23

publications were included in this study, which included data from a total of

2,072 patients. Vascular endothelial growth factor receptor 2 (VEGF-R2)

overexpression was associated with worse OS and DFS in melanoma.

Furthermore, there was an association between OS and the expression of

several RTKs, including epidermal growth factor receptor (EGFR),

mesenchymal-epithelial transition factor (MET), vascular endothelial growth

factor receptor 1 (VEGF-R1), and insulin-like growth factor 1 receptor (IGF-1R).

There were no significant correlations between EGFR overexpression and

worse DFS or PFS. EGFR overexpression was associated with worse OS

cutaneous and nasal melanoma, but not uveal melanoma. However, MET

overexpression was related to worse OS in both cutaneous and uveal

melanoma. Furthermore, EGFR overexpression was associated with a worse
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OS in Europe compared to other geographic areas. Moreover, EGFR and MET

overexpression showed significant prognostic value in patients with the cut-off

“≥10% staining”.

Conclusions: Our findings build concrete evidence that overexpression of

RTKs is associated with poor prognosis and clinicopathology in melanoma,

highlighting RTK expression has the potential to inform individualized

combination therapies and accurate prognostic evaluation.
KEYWORDS

receptor tyrosine kinases, malignant melanoma, prognostic value, survival analysis,
clinicopathological features
Introduction

Malignant melanoma is a type of skin tumor with a high

mortality rate. If not detected early, melanoma will deteriorate

and metastasize. Malignant melanoma most frequently occurs in

males aged 50–70 years, although the incidence of malignant

melanoma in young people, especially females, has increased in

recent years (1). The advent of immunotherapy and targeted

therapy for melanoma, such as anti-programmed death ligand 1

(PD-L1) and cytotoxic T-lymphocyte associated protein 4

(CTLA-4), has improved the survival rate of melanoma

patients. Despite these therapeutic advances, patients with

advanced malignant melanoma often develop drug resistance.

Once distant metastasis occurs, the sustained response rate to

drug therapy is only about 30% (2). Therefore, it is essential to

further study melanoma pathogenesis as well as identify new

biomarkers and combination treatment options to effectively

treat this disease.

Receptor tyrosine kinases (RTKs) are single transmembrane

receptors that participate in the development and progression of

a variety of tumors. In solid tumors, overexpression or

mutations of RTKs promotes the malignant biological

behavior of tumor cells. Additionally, RTK overexpression is

closely related to the maintenance of tumor stemness, drug

resistance, recurrence, and high-metastasis rate (3–6). Some

RTKs, such as epidermal growth factor receptor (EGFR) and

vascular endothelial growth factor receptor (VEGFR), may

represent potential biomarkers that can assist in the prognostic

evaluation and inform treatment options. Faião-Flores et al.

demonstrated receptor tyrosine kinase-like orphan receptor 1/2

(ROR1/2) and insulin-like growth factor 1 receptor (IGF-1R)

signaling were critical pathways that participated in the escape of

advanced uveal melanoma fromMEK inhibition (7). Some small

molecule tyrosine kinase inhibitors (TKIs) targeting

carcinogenic-related RTKs have been put into clinical trials
02
(8–10). However, it is still necessary to explore the value of

RTKs as a prognostic tool, which can lead to accurate diagnosis

and inform individualized treatment regimens. In some cancers,

a number of RTKs, including EGFR or VEGFR, have been

demonstrated as prognostic markers and there are targeting

drugs for individualized therapy. However, it is still unclear

which RTKs may represent prognostic biomarkers in melanoma

as there is minimal evidence from comprehensive analysis to

prove it. The exploration of carcinogenic RTKs has become a

trendy field in cancer research. Deciphering the prognostic value

of RTKs from a comprehensive analysis can provide substantial

evidence for clinical survival estimation and inform the use of

individualized, combined therapies especially for patients with

advanced melanoma.

Because substantial evidence suggests that RTKs are

overexpressed in tumors; however, few studies have focused

on the prognostic value of RTKs in melanoma. To determine

the prognostic value of RTKs, we systematically evaluate

the association between overexpression of RTKs and

clinicopathological features in patients with malignant melanoma.
Materials and methods

This systematic review and meta-analysis followed the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines and checklist. This study was

preregistered on PROSPERO (https://www.crd.york.ac.uk/

PROSPERO/) under number CRD42021261460.
Search strategy

Three independent reviewers (XL, YZ, LM) searched seven

databases: PubMed, Cochrane, EBSCOhost, Embase, Ovid,
frontiersin.org
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ScienceDirect, andWeb of Science without language restriction on

1st August 2021. Our search keywords were: “Melanoma” AND

[“Receptor Tyrosine Kinases” OR “EGFR (Epidermal Growth

Factor Receptor)” OR “IGFR (Insulin-Like Growth Factor

Receptor)” OR “PDGFR (Plate le t-Derived Growth

Factor Receptor)” OR “VEGFR (Vascular Endothelial Growth

Factor Receptor)” OR “FGFR (Fibroblast Growth Factor

Receptor)” OR “NGFR (Nerve Growth Factor Receptor)” OR

“HGFR (Hepatocyte Growth Factor Receptor)” OR “EPHR (EPH

Receptor)” OR “AXLR (AXL Receptor)” OR “CCKR

(CCK Receptor)” OR “TIER (TIE Receptor)” OR “RYKR (RYK

Receptor)” OR “DDR (Discoidin Domain Receptor)” OR “RETR

(RET Receptor)” OR “ROSR (ROS Receptor)” OR “LTKR

(Leukocyte Receptor)” OR “ROR (Receptor Tyrosine Kinase

Like Orphan Receptor)” OR “MUSKR (Muscle Associated

Receptor)” OR “LMR(Lemur Receptor)”].
Inclusion and exclusion criteria

Studies were included in our meta-analysis and systematic

review if they met the following criteria: (i) clinical study of RTK

expression in melanoma; (ii) patients were diagnosed with

melanoma by pathological or histological examination; (iii)

immunohistochemical staining (IHC) was used to detect

expression of RTKs in melanoma tissue; (iv) studies provided

sufficient survival information for extraction or calculation of the

individual Hazard Ratios (HR) and 95% Confidential Intervals

(CI). We excluded studies if they met the following exclusion

criteria: (i) melanoma was diagnosed without pathological or

histological examination; (ii) basic research using cell line or

animal model experiment; (iii) duplicate articles; (iv) review,

conference abstracts, case reports, and letters. Two trained

investigators independently screened study titles, abstracts, and

full-text manuscripts for eligibility and disagreements were

resolved by consensus of a third investigator.
Data extraction

Two independent reviewers (PJ and YH) extracted the

following data from each selected manuscript: author name,

year of publication, country, median patient age, study type,

tissue type, RTKs and their expression, antibody used, cut-off

value, clinicopathological features, follow-up time, outcome of

study (time to event variables), HRs with 95% CIs for survival

data, and Kaplan–Meier curves. Survival data were obtained

from Kaplan–Meier curves. For studies without HR and 95% CI,

we used the methodology previously proposed by Tierney and

colleagues (11). Then, a third investigator (JG) verified the

accuracy of the synthesized data, and disagreements were

resolved by consensus.
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Quality assessment

Quality assessment was performed by two investigators (XL

and JG) independently using the 20-item Reporting

Recommendations for Tumor Marker Prognostic Studies

(REMARK) checklist (12, 13). The detailed explanation of 20

items used the checklist of McShane LM (14). According to the

20 items, each study was characterized as fully satisfied, partially

satisfied, not satisfied, unclear, and not applicable. Discrepancies

were resolved by a third investigator (LM).
Statistical analysis

The primary outcomes were Overall Survival (OS), Disease-

Free Survival (DFS), and Progression-Free Survival (PFS). HR

measuring the association between RTKs and its prognostic data

were directly extracted from studies or estimated from the

Kaplan–Meier survival curves with their 95% CI. Review

Manager 5.3 was used for meta-analysis. Estimates of OS, DFS,

or PFS were reported using HR and 95% CI. I2 value was used to

describe heterogeneity among studies and P<0.05 indicated

statistical significance. Subgroup analyses were used to study

the prognostic value of RTKs by clinicopathological features,

including disease type, geographic area, and the cut-off for each

RTK marker.
Results

A total of 5,508 citations were identified from seven

electronic databases (886 from PubMed, 74 from Cochrane,

285 from EBSCOhost, 2,234 from Embase, 421 from Ovid, 294

from ScienceDirect, and 1,314 from Web of Science). We

excluded 5,478 studies after removing duplicates and screening

titles and abstracts based on the exclusion criteria. Subsequently,

30 studies were assessed for eligibility by full-text reviewing.

Among these studies, four studies were excluded due to the lack

of sufficient survival data, two studies were excluded for not

defining groups by RTKs expression and one was excluded

because the HR or CI was not reported. Finally, 23 studies met

the inclusion criteria and were selected for this meta-analysis.

Among the included studies, eight studies used the Tierney

method to estimate survival data from Kaplan–Meier curves due

to the lack of direct survival data. The flow diagram shown in

Figure 1 depicts the complete selection process.
Study characteristics

The characteristics of 23 studies are presented in Table 1,

which includes a total of 2,072 patients (15–37). Sample sizes
frontiersin.org
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ranged from 10 to 238. A total of 12 different RTKs were evaluated:

EGFR, human epidermal growth factor receptor (HER)2, HER3,

HER4, IGF-1R, VEGF-R1, VEGF-R2, VEGF-R3, mesenchymal-

epithelial transition factor (MET), C-KIT, EphrinA1, and EphA2.

RTK relative expression, antibodies used, and cut-off of biomarkers

in each study are detailed in Table 2.
Quality of eligible studies

The REMARK checklist is widely used as a guideline to

analyze the reporting of tumor markers in prognostic studies. In

general, the overall quality of the 23 included studies was

relatively high based on the REMARK checklist (Table S1),

and the detailed clarification of 20 items followed the

McShane LM checklist (Table S2) (14). Most studies failed to

provide the rationale for their sample size, investigate

assumptions, conduct sensitivity analyses, and conduct

internal validation. In addition, due to the lack of standard

prognostic markers recognized by the public, none of the studies

showed a comparison of RTK expression with such indicators.

Several studies did not clearly define all endpoints and missed

estimated effects in multivariable analyses (15, 17, 19, 22, 25, 28,

29). However, because most included studies were retrospective
Frontiers in Oncology 04
and fulfilled the majority of our criteria, they have provided

sufficient and convincing data for a comprehensive analysis.
Association between RTKs and OS

All included studies reported on the correlation between

RTKs and OS (15–37). From these studies, we found that there

was an association between overexpression of RTKs and OS.

Worse survival could be found in patients with overexpression

of EGFR (HR = 1.36; 95% CI, 1.07-1.73, P = 0.01, I2 = 31%),

MET (HR = 1.54; 95% CI, 1.18-2.00, P = 0.001, I2 = 6%), VEGF-

R1 (HR = 2.06; 95% CI, 1.03-4.15, P = 0.04), and VEGF-R2

(HR = 2.97; 95% CI, 1.51-5.86, P = 0.002, I2 = 0%) (Figure 2).

However, there was no statistical difference between OS and

IGF-1R (HR = 1.31; 95% CI, 0.92-1.87, P = 0.13, I2 = 88%),

VEGF-R3 (HR = 1.76; 95% CI, 0.99-3.14, P = 0.05, I2 = 69%), C-

KIT (HR = 0.65; 95% CI, 0.32-1.34, P = 0.24, I2 = 48%),

EphrinA1 (HR = 1.38; 95% CI, 0.20-9.40, P = 0.74, I2 = 92%),

and EphA2 (HR = 2.95; 95% CI, 0.84-10.30, P = 0.09, I2 = 85%)

(Figure S1). Sensitivity analysis showed that there was a

statistical difference between OS and IGF-1R using a fixed

effects model (HR = 1.50; 95% CI, 1.31-1.73, P < 0.00001)

without heterogeneity after excluding one study by Al-Jamal
FIGURE 1

PRISMA flow diagram of selection process.
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TABLE 1 Characteristics of included studies.

Author Year Country Case Age Breslow
thickness

Metastasis Disease
type

Follow-
up

Outcome Significant findings

Al-Jamal 2011 Finland 167 NG NG 53
(29.52%)

uveal
melanoma

20 years
(16-25)

OS IGF-IR did not independently predict
metastasis from primary uveal melanoma.

Boone 2011 Belgium 114 52
years

(37–64)

NG 25
(21.9%)

melanoma 33
months
(17–50)

OS, DFS EGFR involves in progression and
metastasis of a subset of melanomas.

Chen 2012 China 56 44 ± 2
years
(18-78)

NG 5
(8.93%)

uveal
melanoma

45.8 ± 3.0
months
(6-156)

OS Overexpression of EphA2 is correlated
with prognosis of choroidal melanoma.

Das 2019 Sweden 40 64
years

(42–86)

NG NG cutaneous
melanoma

NG OS Higher MET expression had a shorter OS
in cutaneous melanoma.

Economou 2005 Sweden 132 63
years

(25–85)

NG 55
(41.67%)

uveal
melanoma

NG OS IGF-1R may play as a prognostic role in
uveal melanoma.

Eliopoulos 2002 UK 51 NG ≥10 mm 51
≤1 mm11

15
(29.41%)

melanoma NG OS HER-2 overexpression has no prognostic
significance in thick melanoma.

Ericsson 2002 Sweden 36 61
years
(23-87)

NG 18
(50%)

uveal
melanoma

138.25 ±
90.99
months
(1-245)

OS High IGF-1R expression is a predictor for
the metastasis of uveal melanoma:

Giatromanolaki 2012 Greece 60 NG ≤8 mm 26
(43.33%)
>8 mm 34
(56.67%)

NG uveal
melanoma

80
months
(1-154)

OS pVEGFR2/KDR was significantly related
with poor prognosis of uveal melanoma.

Hurks 2000 Netherland 22 66
years
(38-91)

NG 7
(31.82%)

uveal
melanoma

NG OS EGFR expression is an important
prognostic factor in human uveal
melanoma.

Jafari 2018 Switzerland 238 62.3 ±
15.8
years

2.3 ± 2.7
mm

19
(25.3%)

melanoma 5.71 years OS, DFS VEGF-C and VEGF-R2 might be new
prognostic marker in melanoma.

Katunarić 2014 Croatia 110 52.25
years

(31–79)

3.8 mm
(0.8–15)

NG melanoma NG OS EGFR protein overexpression is
correlated with shorter OS in melanoma.

Langer 2011 Germany 10 65
years

(55–75)

NG NG esophageal
melanoma

NG OS Esophageal melanomas harbor genetic
aberrations of c-Kit, KRAS, and BRAF.

Liu 2008 China 56 56.05 ±
11.34
years

(27–81)

1.83 ± 1.03
mm

(0.3–4.1)

31
(55.36%)

melanoma NG OS, DFS VEGF-C and VEGF-D may be indicators
for prognostic evaluation of melanoma.

Mallikarjuna 2007 India 60 45
years
(9-74)

NG 6
(10%)

uveal
melanoma

28.2±
32.44
months

OS High c-Met expression is associated with
death due to uveal melanoma.

Mo 2020 China 91 NG NG NG melanoma NG OS EphA2-high/ephrinA1-low exhibited
poorer outcomes than EphA2-high/
ephrinA1-high in melanoma

Monteiro 2019 Germany NG NG NG NG melanoma NG OS High expression of VEGFR-3 is
associated with poor OS in melanoma.

Nielsen 2014 Belgium 105 52
years

(25–87)

2.3 mm
(0.7–45.0)

105
(100%)

melanoma NG PFS HER4 is associated with PFS of malignant
melanoma.

Potti 2004 USA 202 57
years
(15–
101)

2.6 mm
(0.4-8)

NG melanoma NG OS Both c-Kit and VEGF may have
significant therapeutic implications in
melanoma.

(Continued)
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et al. (15). Furthermore, we discovered that there existed a

statistical difference of pooled effect with no heterogeneity

between VEGF-R3 and OS (HR = 2.46; 95% CI, 1.45-4.19, P =

0.0009) after excluding one study by Monteiro et al. (29) by

using a fixed effects model.
Association between RTKs and DFS
and PFS

Three studies reported DFS as the outcome, which included

a total of 408 patients (17, 26, 33). Two studies (26, 33) found a

significant association between increased VEGF-R3 and worse

DFS in melanoma patients (HR = 3.07; 95% CI, 1.76-5.36, P <

0.0001, I2 = 44%) (Figure 3A). In addition, there was a

significantly worse DFS in patients with overexpression of

VEGF-R1 (HR = 2.50; 95% CI, 1.02-6.09, P = 0.04) and

VEGF-R2 (HR = 7.35; 95% CI, 2.24-24.14, P = 0.001)

(Figures 3B,C). However, one study by Boone et al. (17)

reported that no significant association in patients with EGFR

overexpression (HR = 3.03; 95% CI, 0.15-63.30, P = 0.47). One

study by Nielsen et al. (30) found that there was no statistically

significant association between high HER-4 and worse PFS

(HR = 1.21; 95% CI, 0.75-1.95, P = 0.43) (Figure S2).
Association between RTKs and
clinicopathological features

Nine studies (17, 21, 23, 24, 27, 30, 32, 35, 37) reported on

EGFR and OS. Among them, five (17, 21, 24, 30, 32) reported on

cutaneous melanoma, three (23, 27, 35) reported on uveal

melanoma, and one (37) reported on nasal melanoma. We

performed a subgroup analysis to assess whether the

prognostic value of RTKs was related to pathology. By using a
Frontiers in Oncology 06
fixed effects model, we conducted a pooled analysis from six

studies (17, 21, 24, 30, 32, 37), which demonstrated that EGFR

overexpression was associated with significantly worse OS in

patients with cutaneous melanoma (HR = 1.63; 95% CI, 1.13-

2.36, P = 0.009, I2 = 0%) and nasal melanoma (HR = 3.51; 95%

CI, 1.21-10.18, P = 0.02). However, there were no significant

association between EGFR overexpression and uveal melanoma

(HR = 1.07; 95% CI, 0.77-1.49, P = 0.68, I2 = 0%) (Figure 4A).

Three studies (19, 20, 27) reported on the association between

pathology and MET expression. MET overexpression was

associated with a worse OS in cutaneous melanoma (HR =

3.23; 95% CI, 1.15-9.08, P = 0.03) and uveal melanoma patients

(HR = 1.46; 95% CI, 1.11-1.92, P = 0.007, I2 = 0%) using a fixed

effects model (Figure 4B). To find whether the prognostic value

of RTKs is related to geographic research area, we performed a

subgroup analysis for various categories: Europe, America, and

Asia. Pooled analysis of EGFR expression from seven studies (17,

21, 23, 24, 27, 30, 32, 35, 37) demonstrated that EGFR

overexpression was associated with a worse OS in Europe

Genesis(HR = 1.41; 95% CI, 0.95-2.10, P = 0.09, I2 = 28%) and

Asia (HR = 1.92; 95% CI, 0.78-4.75, P = 0.16, I2 = 61%)

compared to other geographic areas (Figure 4C). After

excluding one study by Trocme et al. (35), a statistically

significant association was found in European patients with

EGFR overexpression (HR = 1.63; 95% CI, 1.13-2.36, P =

0.009, I2 = 0). However, we could not study the overall effect

of other RTKs due to the lack of sufficient studies and huge

heterogeneity within the limited studies.
Association between RTKs and
biomarker cut-off

Biomarker cut-offs represented an important source of

heterogeneity. Among the eight studies (17, 21, 24, 27, 30, 32,
TABLE 1 Continued

Author Year Country Case Age Breslow
thickness

Metastasis Disease
type

Follow-
up

Outcome Significant findings

Reschke 2008 Germany 130 19-90
years

range 0.4-
17 mm

53
(40.77%)

cutaneous
melanoma

56 ± 25
months

OS HER3 is a determinant for poor
prognosis in melanoma.

Straume 2002 Norway 176 NG NG 56
(31.82%)

recurrent
melanoma

76
months
(13-210)

OS Ephrin-A1/EphA2 pathway might be
important for patient survival of
melanoma.

Trocmé 2012 Sweden 128 63 ±
11.9
years

NG 58
(45%)

uveal
melanoma

NG OS Nuclear HER3 is associated with
favorable overall survival in uveal
melanoma.

Yoshida 2014 USA 24 60.58 ±
14.89
years

NG 24
(100%)

Metastatic
uveal
melanoma

NG OS IGF-1R expression is correlated with poor
prognosis in metastatic uveal melanoma.

Zhu 2018 China 64 62
years

(27–85)

NG NG mucosal
melanoma

NG OS Positive HER4 expression is correlated
with the prognosis in mucosal melanoma.
NG, not given.
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35, 37) that reported on EGFR and OS, four (17, 21, 24, 27) of

them used “≥10% of the tumor” as the cut-off, one (35) used “≥2+

staining”, one (37) used “0–100% staining”, one (32) used

“German immunohistochemical scoring (GIS)>6”, and one (30)

did not provide a clear definition. The study that used a cut-off

of “≥10% of the tumor” revealed a significant association between
Frontiers in Oncology 07
EGFR expression and OS (HR = 1.60; 95% CI, 1.08-2.37, P = 0.02,

I2 = 0%), whereas the rest studies did not show strong power due

to the limited study quantity (Figure 5A). Three studies (19, 20,

27) reported the cut-offs for MET expression: two of them (20, 27)

used “≥10%” and the other one (19) used “≥20%”. A statistically

significant association was found in both two cut-off categories
TABLE 2 Expression of RTKs in studies.

Author RTK Antibody used for evaluation Cut-off RTK
overexpression

Al-Jamal IGF-1R N-20; sc-712, Santa Cruz Biotechnology, Calif; dilution 1:500 ≥ 15% 88 (68%)

Boone EGFR Zymed Laboratories Inc, CA, USA ≥ 10% 13 (11.4%)

Chen EphA2 Santa Cruz, USA; dilution 1:200 moderate to strong staining 21 (62.5%)

Das MET
ERBB3

ERBB3: Cell Signaling Technologies; dilution 1:250
MET: Cell Signaling Technologies; dilution 1:300

≥ 20% ERBB3 12 (92%)
MET 9 (43%)

Economou c-Met
IGF-1R

IGF-1R: N-20, Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA)
c-Met: ImmunKemi (Novocastra Ltd., Newcastle-upon-Tyne,
UK)

≥ 10% c-Met:75 (56.82%)
IGF-1R:42 (31.82%)

Eliopoulos HER2 DAKO Ltd, Cambridgeshire, UK ≥ 10% 15 (29.41%)

Ericsson IGF-1R Oncogene Science (Manhasset, NY); dilution 1:1000 ≥ 50% 15 (41.67%)

Giatromanolaki VEGFR2 34a; Oxford University, UK ≥50% 14 (23.3%)

Hurks EGFR R-1; Santa Cruz Biotechnology, Santa Cruz, CA; dilution 1:20 NG 6 (28.57%)

Jafari VEGF-R1
VEGF-R2
VEGF-R3

R&D systems NG VEGF-R1 22 (52%)
VEGF-R2 68 (57.3%)
VEGF-R3 34 (52.7%)

Katunarić EGFR Membrane EGFR (Dako)
nuclear EGFR (Leica Microsystems)

≥ 10% NEGFR 24 (21.82%)
MEGFR 31 (28.18%)

Langer C-KIT
PDGFR-A

C-KIT: A4502; Dako, Glostrup, Denmark
PDGFR-A: 3164; Cell Signaling Technologies, Beverly, MA,
USA

intensity > 1+ C-KIT 8 (80%)
PDGFR-A 0

Liu VEGFR-3 Santa Cruz Biotechnology, Inc., Santa Cruz, CA; dilution
1:200

≥ 10% of tumor cells
≥ 5% in endothelial cells

34 (60.71%)

Mallikarjuna EGFR
c-met

EGFR (R-1; 200 ml/ml)
c-Met (DQ-13; 100 mg/ml)
Santa Cruz Biotechnology, CA, USA

> 10% EGFR 18 (30%)
c-met 33 (55%)

Mo EphrinA1
EphA2

NG NG EphA2 26 (28.6%)
ephrinA1 28 (30.8%)

Monteiro VEGFR-3 NG NG NG

Nielsen HER-4 RB-9045-P1; Thermo Scientific; dilution 1:50 NG NG

Potti HER-2/
neu
c-Kit

A4502; IMPATH, Calif., USA ≥2+ or greater Immunostaining HER-2/neu 2 (0.9%)
c-Kit 46 (22.8%)

Reschke HER3 clone C-17; Santa Cruz; dilution 1:50 German immunohistochemical scoring (GIS)
> 6

moderate to high 85
(65%)
high in metastases 35
(40%)

Straume Ephrin-A1
EphA2

Ephrin-A1: pAb SC-911; Santa Cruz
EphA2: pAb SC-924; Santa Cruz

staining index = 9 FGFR 17 (11.7%)
Ephrin-A1 23 (15.8%)
EphA2 23 (15.9%)

Trocmé HER3 clone C-17; Santa Cruz; dilution 1:50 ‘‘2,’’ strong staining intensity 42 (33%)

Yoshida IGF-1R Ventana Medical Systems 3+ staining intensities
>85% percentages of positive cells

17 (70.83%)

Zhu HER4 clone: PC100; Vebdor: Thermo Fisher Scientific Co.,
(Waltham, Massachusetts, USA); dilution 1: 300

positive tumor cells
(Range: 0–100%)

45 (70.3%)
NG, not given.
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(“≥10%”, HR = 1.46; 95% CI, 1.11-1.92, P = 0.007, I2 = 0%)

(Figure 5B). Due to the lack of studies focusing on other RTKs and

biomarker cut-offs, we could not measure the pooled effect of

these variables.
Discussion

To our knowledge, this is the first and largest meta-analysis

that systematically explores the prognostic value of RTKs in

malignant melanoma, which included 23 studies with a total of

2,072 patients. Our findings suggest that overexpression of

RTKs, based on IHC analysis, is closely associated with poor

prognosis in malignant melanoma patients. Furthermore, the

prognostic value of the examined RTKs varied according to the

clinicopathological characteristics of patients, such as

pathological subtype, geographical area, and cut-offs of

biomarkers, highlighting the clinical and predictive value of

RTK expression.

The pooled prognostic value of RTK overexpression in

melanoma has major implications for the field with respect to

accurate survival estimation and the selection of individualized

combination therapies. By comprehensively gathering and

evaluating studies utilizing IHC analysis for resected

melanoma, we innovatively investigated the relationship

between overexpression of RTKs and survival outcomes. Our
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results indicated the prognostic value of overexpression of RTKs,

including EGFR, MET, VEGF-R1, VEGF-R2, VEGF-R3, and

IGF-1R. Numerous studies have reported that aberrant

overexpression of RTKs were related with the pathogenesis of

melanoma and these RTKs might be used as therapeutic targets.

The abnormal expression and activation of EGFR are closely

related to the progression and drug resistance of melanoma

patients (38, 39). In our study, we also found an association

between EGFR overexpression and worse OS in melanoma

patients. Additionally, VEGFR has been identified as a

potential therapeutic target for the treatment of melanoma,

which may inhibit malignant melanoma metastasis and

progression. Furthermore, several VEGFR inhibitors have been

used in clinical trials to treat melanoma patients (40–42). Roger

et al. found VEGFR expression can be used to evaluate

chemotherapy efficacy and prognosis of melanoma patients

following chemotherapy treatment (43). Our findings are

consistent with their conclusions as the pooled HRs of survival

data concerning VEGFR overexpression are relatively higher

than other RTKs. Hepatocyte growth factor receptor (c-

mesenchymal-epithelial transition factor, c-Met) is a

transmembrane protein encoded by the Mesenchymal-

epithelial transition factor (Met) gene, which is usually

abnormally expressed in melanoma due to increased copy

number, exon skipping, and gene mutations (19, 44). Several

studies also found that c-MET may represent a potential
A

B

D

C

FIGURE 2

Forest plot illustrating the association between various RTKs and OS in melanoma. (A) EGFR, (B) MET, (C) VEGF-R1, (D) VEGF-R2.
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biomarker and therapeutic target for melanoma, which warrants

further exploration (45, 46). We also found that MET

overexpression is associated with worse OS in melanoma

patients, which could be partly explained by the oncogenic

role of the Met pathway in the process of drug resistance and

immune response. In addition, Villanueva et al. observed that

the increased IGF-1R in post-relapse melanoma is consistent

with acquired BRAF inhibitors resistance, which also confirmed

the prognostic value of IGF-1R in disease progression (47). With

more and more clinical trials targeting RTKs, the prognostic

value of RTKs and combined therapies are expected to bring new

hope to advanced melanoma patients.

In this meta-analysis, the association between the prognostic

value of RTK overexpression and the clinicopathological

characteristics of melanoma, including pathological subtype,

geographic area, and the cut-offs for IHC analysis, was also

explored. RTK expression or mutations depends on the

melanoma subtype, such as mucosal melanoma (vs. cutaneous

melanoma), acral lentiginous melanoma (vs. other cutaneous

melanoma), and amelanotic melanoma (vs. melanotic

melanoma). Due to the heterogeneity of melanoma, it is critical

to investigate relevant RTKs based on their expression and

prognostic value by disease subtype. By utilizing subgroup

analysis, we found EGFR overexpression was associated with

worse OS in cutaneous melanoma and nasal sinus melanoma,

but not uveal melanoma. Moreover, MET overexpression

was associated with worse OS in both cutaneous melanoma

and uveal melanoma. Topcu-Yilmaz et al. suggested that

EGFR overexpression was significantly correlated with

clinicopathological parameters, such as mitosis rate, in uveal
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melanomas (48). We believe that the difference may be related

to the different evaluating outcomes given we focused on survival

data such as OS, PFS, and DFS. In addition, c-Kit mutations and

expression were found in mucosal melanoma, acral lentiginous

melanoma, and amelanotic melanoma. However, there was no

significant association between OS and c-KIT in our study, which

might be attributed to melanoma anatomical heterogeneity.

The incidence and prognosis of melanoma patients from

various geographic regions were quite different. For instance, the

proportion of acral melanoma in black patients with cutaneous

melanoma was 80.0%, whereas it was relatively infrequent in

Caucasian patients (49, 50). Furthermore, African descendants

had more advanced disease stages and higher melanoma-specific

mortality compared to Caucasians who usually had a better

prognosis (51–53). In our study, we found a statistically

significant association between EGFR expression and patients

in Europe compared to other geographic areas. However, due to

a lack of enough studies on these markers, we could not conduct

a comprehensive analysis on the relationship between other

RTKs and geographic factors, which might affect the

geographic location-specific clinical application of RTK

biomarkers for prognostic prediction.

The major strength of our study was the overall prognostic

analysis of RTKs and their connection with clinicopathological

characteristics. We strictly evaluated the quality of all included

studies using the REMARK guidelines. We found some reports

did not clearly define all endpoints and overlooked estimated

effects in multivariable analyses, which were excluded from our

analysis. Furthermore, we explored heterogeneity due to varying

biomarker cut-offs used in different studies, which may directly
A

B

D

C

FIGURE 3

Forest plot illustrating the association between various RTKs and DFS in melanoma. (A) VEGF-R3, (B) VEGF-R1, (C) VEGF-R2, (D) EGFR.
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influence the definition of RTK overexpression. We found that

studies with EGFR or MET overexpression showed significant

prognostic value in patients when the cut-off “≥10% staining of

tumor cells” was applied. However, some included studies did

not define the specific cut-off or used different cut-off standards

from staining scores or other evaluation scores such as GIS

scores. Future studies should unify on the cut-offs of biomarkers

to conduct homogeneous research. Besides, single-target

therapies are often ineffective and prone to recurrence in

cancer treatment (54). Currently, most studies focusing

combining targeting RTKs with immunotherapy are confined

to basic studies, although several therapies using multi-target
Frontiers in Oncology 10
TKIs, such as imatinib and ipilimumab, have entered clinical

trials (55). Due to the existing diversity in patients’ genetic

subtypes and pathological characteristics, targeting prognostic

RTKs with combination therapies may provide a comprehensive

treatment regimen which may produce a long-term therapeutic

effect and reduce immune-related adverse events.

This meta-analysis suffers from several limitations. First, due

to the lack of sufficient studies reporting clinicopathology issues,

such as recurrence, invasion (Breslow thickness), and distant

metastasis, we could not conduct a comprehensive analysis on

the relationship between these clinicopathologic variables and

prognosis or survival. Also, we could not measure the
A

B

C

FIGURE 4

Prognosis of various RTK and clinicopathological features. (A) EGFR and disease type, (B) MET and disease type, (C) EGFR and geographical areas.
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publication bias due to the limited number of studies on each

outcome. Additionally, some heterogeneity may arise due to the

fact that survival data from several studies were estimated from

Kaplan–Meier curves, which increased the chances of deviation

to some extent. Most cases were retrospective analyses rather

than randomized controlled clinical trials or prospective cohort

studies, which may lead to publication bias. Finally, some RTKs

have been studied extensively, whereas others are disadvantaged

by limited studies. Such analysis can serve as preliminary

findings on these lesser studied RTKs, although studies with

large sample sizes are needed to get much more data to draw

reliable conclusions.

In conclusion, our study provides concrete evidence that

overexpression of RTKs is associated with poor prognosis and

clinicopathology in malignant melanoma, highlighting the value

of RTK in individualized combination therapies and accurate

prognostic evaluation. The standard evaluating procedures and

proper patients based on RTK expression should be further

investigated. Randomized controlled trials or prospective cohort
Frontiers in Oncology 11
studies with large sample sizes are still required to

comprehensively improve the prognostic application and

combination therapies targeting RTKs in cancer research.
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41. Albiges L, Barthélémy P, Gross-Goupil M, Negrier S, Needle MN, Escudier
B. TiNivo: safety and efficacy of tivozanib-nivolumab combination therapy in
patients with metastatic renal cell carcinoma. Ann Oncol (2021) 32:97–102.
doi: 10.1016/j.annonc.2020.09.021
Frontiers in Oncology 13
42. Schöffski P, Mir O, Kasper B, Papai Z, Blay JY, Italiano A, et al. Activity and
safety of the multi-target tyrosine kinase inhibitor cabozantinib in patients with
metastatic gastrointestinal stromal tumour after treatment with imatinib and
sunitinib: European organisation for research and treatment of cancer phase II
trial 1317 ‘CaboGIST’. Eur J Cancer (Oxford England: 1990) (2020) 134:62–74.
doi: 10.1016/j.ejca.2020.04.021

43. Mouawad R, Spano JP, Comperat E, Capron F, Khayat D. Tumoural
expression and circulating level of VEGFR-3 (Flt-4) in metastatic melanoma
patients: correlation with clinical parameters and outcome. Eur J Cancer (2009)
45:1407–14. doi: 10.1016/j.ejca.2008.12.015

44. Song KY, Desar S, Pengo T, Shanley R, Giubellino A. Correlation of MET
and PD-L1 expression in malignant melanoma. Cancers (Basel) (2020) 12(7).
doi: 10.3390/cancers12071847

45. Barisione G, Fabbi M, Gino A, Queirolo P, Orgiano L, Spano L, et al.
Potential role of soluble c-met as a new candidate biomarker of metastatic uveal
melanoma. JAMA Ophthalmol (2015) 133:1013–21. doi: 10.1001/jamaophthalmol.
2015.1766

46. Puri N, Ahmed S, Janamanchi V, Tretiakova M, Zumba O, Krausz T, et al.
C-met is a potentially new therapeutic target for treatment of human melanoma.
Clin Cancer Res (2007) 13:2246–53. doi: 10.1158/1078-0432.ccr-06-0776

47. Villanueva J, Vultur A, Lee JT, Somasundaram R, Fukunaga-Kalabis M,
Cipolla AK, et al. Acquired resistance to BRAF inhibitors mediated by a RAF kinase
switch in melanoma can be overcome by cotargeting MEK and IGF-1R/PI3K.
Cancer Cell (2010) 18:683–95. doi: 10.1016/j.ccr.2010.11.023

48. Topcu-Yilmaz P, Kiratli H, Saglam A, Söylemezoglu F, Hascelik G.
Correlation of clinicopathological parameters with HGF, c-met, EGFR, and IGF-
1R expression in uveal melanoma. Melanoma Res (2010) 20:126–32. doi: 10.1097/
CMR.0b013e328335a916

49. De Wet J, Tod B, Visser WI, Jordaan HF, Schneider JW. Clinical and
pathological features of acral melanoma in a south African population: A
retrospective study. South Afr Med J = Suid-Afrikaanse Tydskrif vir Geneeskunde
(2018) 108:777–81. doi: 10.7196/SAMJ.2018.v108i9.13435

50. Dika E, Veronesi G, Altimari A, Riefolo M, Ravaioli GM, Piraccini BM, et al.
BRAF, KIT, and NRAS mutations of acral melanoma in white patients. Am J Clin
Pathol (2020) 153:664–71. doi: 10.1093/ajcp/aqz209

51. Shaikh WR, Dusza SW, Weinstock MA, Oliveria SA, Geller AC,
Halpern AC. Melanoma thickness and survival trends in the united states, 1989
to 2009. J Natl Cancer Institute (2016) 108(1). doi: 10.1093/jnci/djv294

52. Anaba EL. Comparative study of cutaneous melanoma and its associated
issues between people of African decent and caucasians. Dermatologic Ther (2021)
34:e14790. doi: 10.1111/dth.14790

53. Mahendraraj K, Sidhu K, Lau CSM, McRoy GJ, Chamberlain RS, Smith FO.
Malignant melanoma in African-americans: A population-based clinical outcomes
study involving 1106 African-American patients from the surveillance,
epidemiology, and end result (SEER) database (1988-2011). Med (Baltimore)
(2017) 96:e6258. doi: 10.1097/md.0000000000006258

54. Liguoro D, Fattore L, Mancini R, Ciliberto G. Drug tolerance to target
therapy in melanoma revealed at single cell level: What next? Biochim Biophys Acta
Rev Cancer (2020) 1874:188440. doi: 10.1016/j.bbcan.2020.188440

55. Reilley MJ, Bailey A, Subbiah V, Janku F, Naing A, Falchook G, et al.
Phase I clinical trial of combination imatinib and ipilimumab in patients with
advanced malignancies. J Immunother Cancer (2017) 5:35. doi: 10.1186/s40425-
017-0238-1
frontiersin.org

https://doi.org/10.1080/02713680601161220
https://doi.org/10.1007/s13402-020-00511-x
https://doi.org/10.1002/1878-0261.12501
https://doi.org/10.1097/cmr.0000000000000040
https://doi.org/10.1007/s00432-003-0509-8
https://doi.org/10.1158/1078-0432.ccr-08-0186
https://doi.org/10.1371/journal.pone.0207019
https://doi.org/10.1016/S0002-9440(10)64922-X
https://doi.org/10.1002/ijc.26118
https://doi.org/10.1111/pcmr.12206
https://doi.org/10.1097/CMR.0000000000000428
https://doi.org/10.1038/jid.2014.418
https://doi.org/10.1038/jid.2014.418
https://doi.org/10.1038/jid.2015.105
https://doi.org/10.1001/jama.2018.7855
https://doi.org/10.1001/jama.2018.7855
https://doi.org/10.1016/j.annonc.2020.09.021
https://doi.org/10.1016/j.ejca.2020.04.021
https://doi.org/10.1016/j.ejca.2008.12.015
https://doi.org/10.3390/cancers12071847
https://doi.org/10.1001/jamaophthalmol.2015.1766
https://doi.org/10.1001/jamaophthalmol.2015.1766
https://doi.org/10.1158/1078-0432.ccr-06-0776
https://doi.org/10.1016/j.ccr.2010.11.023
https://doi.org/10.1097/CMR.0b013e328335a916
https://doi.org/10.1097/CMR.0b013e328335a916
https://doi.org/10.7196/SAMJ.2018.v108i9.13435
https://doi.org/10.1093/ajcp/aqz209
https://doi.org/10.1093/jnci/djv294
https://doi.org/10.1111/dth.14790
https://doi.org/10.1097/md.0000000000006258
https://doi.org/10.1016/j.bbcan.2020.188440
https://doi.org/10.1186/s40425-017-0238-1
https://doi.org/10.1186/s40425-017-0238-1
https://doi.org/10.3389/fonc.2022.819051
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prognostic value of receptor tyrosine kinases in malignant melanoma patients: A systematic review and meta-analysis of immunohistochemistry
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study characteristics
	Quality of eligible studies
	Association between RTKs and OS
	Association between RTKs and DFS and PFS
	Association between RTKs and clinicopathological features
	Association between RTKs and biomarker cut-off

	Discussion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


