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Abstract
Cutaneous malignant melanoma is the most aggressive 
form of skin cancer with an extremely poor survival 
rate for the patients diagnosed with locally invasive and 
metastatic disease states. Intensive research has led in 
last few years to an improvement of the early detection 
and curative treatment of primary cutaneous melano-
mas that are confined to the skin by tumor surgical 
resection. However, locally advanced and disseminated 
melanomas are generally resistant to conventional 
treatments, including ionizing radiation, systemic che-
motherapy, immunotherapy and/or adjuvant stem cell-
based therapies, and result in the death of patients. 
The rapid progression of primary melanomas to locally 
invasive and/or metastatic disease states remains a 
major obstacle for an early effective diagnosis and a cu-
rative therapeutic intervention for melanoma patients. 
Importantly, recent advances in the melanoma research 
have led to the identification of different gene products 
that are often implicated in the malignant transforma-

tion of melanocytic cells into melanoma cells, including 
melanoma stem/progenitor cells, during melanoma ini-
tiation and progression to locally advanced and meta-
static disease states. The frequent deregulated genes 
products encompass the oncogenic B-RafV600E and 
N-RasQ61R mutants, different receptor tyrosine kinases 
and developmental pathways such as epidermal growth 
factor receptor (EGFR), stem cell-like factor (SCF) re-
ceptor KIT, hedgehog, Wnt/β-catenin, Notch, stromal 
cell-derived factor-1 (SDF-1)/CXC chemokine receptor-4 
(CXCR4) and vascular endothelial growth factor (VEGF)/
VEGFR receptor. These growth factors can cooperate to 
activate distinct tumorigenic downstream signaling ele-
ments and epithelial-mesenchymal transition (EMT)-as-
sociated molecules, including phosphatidylinositol 3’-ki-
nase (PI3K)/Akt/ molecular target of rapamycin (mTOR), 
nuclear factor-kappaB (NF-κB), macrophage inhibitory 
cytokine-1 (MIC-1), vimentin, snail and twist. Of thera-
peutic relevance, these deregulated signal transduction 
components constitute new potential biomarkers and 
therapeutic targets of great clinical interest for improv-
ing the efficacy of current diagnostic and prognostic 
methods and management of patients diagnosed with 
locally advanced, metastatic and/or relapsed melano-
mas.

© 2012 Baishideng. All rights reserved.

Key words: Cutaneous melanomas; Melanoma stem/
progenitor cells; Biomarkers; Screening tests; Diagno-
sis; Prognosis; Molecular targets; Targeted therapy

Peer reviewer: Simone Mocellin, MD, PhD, Department of 
Oncological and Surgical Sciences, University of Padova, via 
Giustiniani 2, 35128 Padova, Italy

Mimeault M, Batra SK. Novel biomarkers and therapeutic tar-
gets for optimizing the therapeutic management of melanomas. 
World J Clin Oncol 2012; 3(3): 32-42  Available from: URL: 
http://www.wjgnet.com/2218-4333/full/v3/i3/32.htm  DOI: 
http://dx.doi.org/10.5306/wjco.v3.i3.32

32 March 10, 2012|Volume 3|Issue 3|WJCO|www.wjgnet.com

World Journal of
Clinical OncologyW J C O

Online Submissions: http://www.wjgnet.com/2218-4333office
wjco@wjgnet.com
doi:10.5306/wjco.v3.i3.32

World J Clin Oncol 2012 March 10; 3(3): 32-42
ISSN 2218-4333 (online)

© 2012 Baishideng. All rights reserved.



Mimeault M et al . Novel biomarkers and targets in melanomas

INTRODUCTION
Cutaneous malignant melanoma represents the major 
cause of  mortality among skin cancers and its incidence 
rate is increasing during last years[1-5]. Although the local-
ized cutaneous melanomas diagnosed in the early stages 
are usually curable by surgical resection of  malignant 
tumors, the rapid progression to invasive and metastatic 
disease states is generally associated with a poor median 
survival of  6 mo to 12 mo and a five year survival rate 
of  less than 10%[1,2,6-8]. The therapeutic options for the 
patients with unresectable melanomas and metastases at 
distant organs such as lungs, liver and brain consisting 
to the radiation therapy and/or chemotherapy are only 
palliative, aiming to improve the quality of  life of  pa-
tients[8-10]. Especially, the standard treatment with alkylat-
ing agent, dacarbazine or its orally active analog temo-
zolomide, alone or in combination with other cytotoxic 
agents, is ineffective in the most cases and culminate to 
the development of  drug resistance, disease relapse and 
the death of  melanoma patients[11-13].

Importantly, recent advances in melanoma research 
have led to the establishment of  the molecular onco-
genic events that may contribute to melanoma initiation 
and progression and treatment resistance of  melanoma 
cells. It has been observed that the persistent activation 
of  different oncogenic signaling cascades initiated in an 
autocrine or a paracrine manner by distinct growth fac-
tors and cytokines through their cognate receptors is 
typically involved in the sustained proliferation, survival, 
invasion and metastases at near lymph nodes and distant 
sites of  melanoma cells and angiogenic process[2,14-23]. 
These deregulated gene products include B-RafV600E, 
N-RasQ61R, epidermal growth factor receptor (EGFR), 
hepatocyte growth factor (HGF) receptor MET, platelet-
derived growth factor receptors (PDGFRs), sonic hedge-
hog, Wnt/β-catenin, Notch, Nodal/Cripto, hyaluronan 
(HA)/CD44, stem cell-factor (SCF) receptor KIT, 
stromal cell-derived factor-1 (SDF-1)/CXC chemokine 
receptor-4 (CXCR4), and vascular endothelial growth 
factor (VEGF)/VEGFR receptor (Figure 1)[13,14,17,19,22,24-47]. 
These tumorigenic pathways can cooperate for the sus-
tained activation of  downstream signaling effectors such 
as mitogen-activated protein kinases (MAPKs), phospha-
tidylinositol 3’-kinase (PI3K)/Akt, nuclear factor-kappaB 
(NF-κB) and hypoxia-inducible factors (HIFs) for the 
acquisition of  a more malignant behavior by melanoma 
cells during disease progression to locally advanced and 
metastatic states.

In addition, recent advances in skin stem/progenitor 
cell research have led to the identification of  melanoma 
cells endowed with stem cell-like properties and which 
can provide critical functions for tumor growth, metas-
tases at distant sites, treatment resistance and disease re-
lapse[17,18,20,21,23,48,49]. More specifically, highly tumorigenic 
melanoma stem/progenitor cells have been identified 
in situ and isolated from primary and secondary mela-
noma tumors, circulating melanoma cells and established 
melanoma cell lines[20,21,50-64]. Melanoma stem/progenitor 

cells may express different stem cell-like markers such 
as CD133, nestin, aldehyde dehydrogenase (ALDH-
high), CD166, neural crest nerve growth factor receptor 
(CD271) and/or ATP-binding cassette (ABC) multidrug 
resistance transporters such as multidrug resistance-1 
encoding P-glycoprotein (P-gp), ABCG2 and ABCB5. 
It has been shown that highly tumorigenic melanoma 
stem/progenitor cells can give arise to the total tumor 
cell mass in vivo with the phenotypic features resembling 
to original patient’s melanomas and metastasize at dis-
tant sites[50-58,60,61,63-65]. In this matter, we review the most 
recent advancements on the gene products that are often 
altered during melanoma initiation and progression to 
locally invasive and metastatic disease states and which 
may be exploited to develop novel multiplex biomarker 
detection methods for optimizing diagnosis and progno-
sis and multitargeted therapies for a more effective man-
agement of  melanoma patients.

NEW BIOMARKERS FOR OPTIMIZING DI-
AGNOSIS, PROGNOSIS AND INDIVIDU-
ALIZED TREATMENT OF MELANOMA 
PATIENTS
The clinical diagnosis of  cutaneous malignant melano-
mas at early stages retains a big challenge for the experi-
mented pathologists and is generally made only after they 
become visible on skin[66]. Moreover, a skin biopsy and 
different tumor imaging tests such as X-rays, computed 
tomography (CT) scan, magnetic resonance imaging 
(MRI) and positron emission tomography (PET) tests 
are often performed to establish the grades and stages of  
melanomas and screen for metastatic melanomas[66,67].

In addition, the immunohistochemical staining of  
tissue specimens with different antibodies directed 
against different melanocytic markers such as S-100 
and melanoma-associated antigen recognized by T-cells  
(MART-1) also designated as melanocyte antigen 
(Melan-A), which is expressed by melanoma cells, is 
useful for improving the accuracy of  the pathological 
diagnosis and prognosis of  melanoma patients[68-70]. 
Moreover, monoclonal antibody gp100 corresponding 
to clone HMB-45, which is highly specific and sensitive 
for melanocytic tumors but does not react with other 
non-melanoma malignancies such as carcinomas, 
lymphomas and sarcomas and normal melanocytes, may 
be used for the pathological diagnosis to distinguish 
poorly differentiated melanoma subtypes of  other tumor 
types[69,71]. The immunohistochemical analysis of  the vi-
mentin expression in primary melanoma tissues, which is 
frequently overexpressed in primary melanoma patients 
with hematogenous metastasis, also may help to estab-
lish the melanoma patients with a high risk to develop 
hematogenous metastasis[72]. Although this importance 
advance, few biomarkers in melanoma stem/progenitor 
cells and their progenies have been validated in the clinics 
to use in combination in screening methods for an early 
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and non-invasive detection of  cutaneous melanomas and 
the establishment of  the risk of  the disease progression, 
metastases at near lymph nodes and distant sites and re-
lapse. Consequently, the identification and validation of  
novel molecular biomarkers associated with the melano-
ma initiation and progression to locally invasive and met-
astatic disease states and response of  melanoma patients 
to the clinical treatment is of  great interest for improving 
the efficacy of  current diagnostic and prognostic meth-
ods and therapeutic management of  melanoma patients.

Numerous cytogenetic analyses in malignant mela-
noma tissues and serum samples vs benign melanocytic 
naevi and normal tissues and serum samples using mi-
croarray, immunohistochemical and polymerase chain re-
action (PCR)-based techniques have led to the discovery 
of  novel deregulated genes in melanoma cells[18,23,42,73-83]. 
The gene products often altered during melanoma pro-
gression constitute potential biomarkers for a more early 
diagnosis and accurate prognosis of  melanoma patients 
and effective personalized medicine. The potential bio-
markers that may be detected in malignant tissues and/
or serum samples, either alone or in combination, to es-
tablish the risk of  disease progression and as prognostic 
indicator of  melanoma patients include different onco-
genic products. Among the more promising molecular 

biomarkers, there are EGFR, activated pAkt phosphory-
lated form, microphthalmia-associated transcription 
factor (MITF), serum amyloid, MIC-1 also designated as 
growth and differentiation factor-15 (GDF-15), VEGF, 
interleukin-8 (IL-8) and/or twist[18,23,42,73-79,84-88].

More specifically, it has been observed that the 
EGFR expression was enhanced in primary and meta-
static melanoma tissues from patients relative to non-
malignant tissues suggesting that the detection of  EGFR 
could be used as a prognostic indicator to predict the risk 
of  disease progression to metastatic disease states and 
poor outcome of  melanoma patients[86;87]. Moreover, the 
overexpression of  MITF protein has also been detected 
in 62 of  104 tumor tissues obtained from metastatic 
melanoma patients and correlated with the chemothera-
peutic response and reduced disease-specific survival of  
melanoma patients[73]. Importantly, the secreted MIC-1 
cytokine has also been observed to be overexpressed in 
66% of  53 melanoma cell lines analyzed as compared 
to normal melanocytes[76]. Moreover, the immunohisto-
chemical analyses have indicated that the MIC-1 protein 
was expressed at low levels in primary melanoma biopsies 
(15 of  22) while all metastatic melanoma biopsies exam-
ined (16 of  16) exhibited strong expression of  MIC-1[76]. 
The results from another study have also indicated that 
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MIC-1 was overexpressed in approximately 67% cases of  
advanced melanomas and secreted MIC-1 protein levels 
detected in serum samples of  melanoma patients were 
5-6 fold higher as compared with serum samples from 
normal individuals[42]. In this matter, it has been reported 
that the enhanced MIC-1 expression in melanoma cells 
may be induced at least in part through the constitutively 
active mutant B-RafV600E and activation of  MAPKs, and 
to a lesser extent via the activated PI3K/Akt pathway[42,76]. 
The stimulation of  SCF receptor KIT, which may con-
tribute to the activation of  MAPK pathway and the phos-
phorylation of  MITF, also may result in an up-regulation 
of  the MIC-1 expression[76]. Hence, together these results 
combined with the fact that the secreted MIC-1 cytokine 
has been observed to promote the tumorigenicity of  
melanoma cells in vivo[42;76], support the clinical interest 
to detect MIC-1 in melanoma tissue biopsies or serum 
samples for improving the diagnosis and prognosis of  
melanoma patients.

On the other hand, the occurrence of  polymorphisms 
in the melanocortin-1-receptor (MC1R), which may lead 
to the MC1R variants encoding a non-functional MC1R 
protein and the acquisition of  a red hair color (RHC) 
phenotype, fair skin, freckles and poor tanning ability 
of  individuals, has also been associated with a high risk 
of  developing melanoma[89]. Interestingly, the combined 
immunohistochemical analyses of  expression levels of  
different cell cycle modulators (p21, p27, p53 and retino-
blastoma proteins) and pro-apoptotic factors (Bax and 
Bak) in primary cutaneous melanoma tissues at stage Ⅱ
a from 31 patients performed during a 10-year follow-up 
period have also indicated that the down-regulation of  
these markers may be more appropriate than the detec-
tion of  a single molecular marker for assessing the risk of  
melanoma progression and metastases[83].

Of  particular therapeutic interest, a multicenter phase 
Ⅱ trial has also been undertaken in order to investigate 
the efficacy of  a sensitivity-directed, first-line chemo-
therapy in patients with metastasized melanomas by 
performing an in vitro assay using an ATP-based lumines-
cence viability test for evaluating the chemosensibility of  
viable melanoma cells obtained from metastatic lesions 
to seven single drugs and five drug combinations[90]. The 
results have revealed that among the 53 patients evaluable 
for all study end points, 22 (42%) were chemosensitive 
and 31 (58%) chemoresistant patients and the chemo-
sensitive patients showed an increased overall survival of  
14.6 months compared with 7.4 mo in chemoresistant 
patients[90]. In the same way, the results from a recent 
study have also indicated the possibility to establish the 
B-RafE600V mutation status in the tissue biopsies and cir-
culating free DNA samples from melanoma patients to 
assess the patients that could be susceptible to respond 
to the pharmacological agents targeting oncogenic 
B-RafE600V mutant[91]. In addition, it has also been noted 
that the serum concentrations of  diverse angiogenic fac-
tors such as VEGF, basic fibroblast factor (bFGF) and 
IL-8 were increased in melanoma patients relative to 

healthy individuals and associated with advanced stages 
and poor overall and progression-free survival of  mela-
noma patients[18,23]. More particularly, a study carried out 
with 35 patients with stage Ⅳ melanoma has indicated 
that 15 patients who responded to chemotherapy showed 
a significant decrease in the serum IL-8 level while non-
responders with progressive disease did not[92]. These 
data suggest that the detection of  serum IL-8 level could 
serve as an indicator of  the potential response of  mela-
noma patients to the chemotherapeutic treatment.

Potential biomarkers in melanoma stem/progenitor cells
Of  great clinical interest, the results from recent studies 
have also indicated the possibility to detect the stem cell-
like markers such as ABCB5, nestin, CD133 and CD166 
in primary and metastatic melanoma tissue specimens 
and/or circulating melanoma stem/progenitor cells in 
combination with current clinical biomarkers to predict 
the risk of  the metastasis formation and overall survival 
of  melanoma patients[51,55,59,63,93-95]. For instance, it has 
been observed that highly tumorigenic circulating mela-
noma cells isolated from the peripheral circulation of  
melanoma patients expressing the stem cell-like marker, 
ABCB5 multidrug transporter were tumorigenic and able 
to form the metastases in animal model in vivo[63]. Fur-
thermore, it has been observed that the expression of  
ABCB5 protein was enhanced in primary and metastatic 
melanoma specimens as compared to normal skin and 
benign nevi[51,55,94]. Then, these data support the interest 
to detect the ABCB5 multidrug transporter in primary 
melanoma tissue specimens and circulating melanoma 
cells to predict the risk of  progression to metastatic dis-
ease states.

The immunohistochemical analysis of  nestin, which 
is a neuroepithelial intermediate filament expressed in 
proliferative neuroectodermal progenitor cells during em-
bryonic development and adult bulge areas-resident stem 
cells in hair follicle, has also indicated that its expression 
was significantly enhanced in primary and metastatic mel-
anoma tissue specimens as compared to benign and nor-
mal melanocytes[96-101]. Nestin was also co-expressed with 
SOX9 and SOX10, which may contribute to its transcrip-
tional up-regulation, in primary and secondary melanoma 
specimens and associated with a poor survival of  mela-
noma patients[98-101]. The analyses by flow cytometry and 
quantitative reverse transcription-PCR (qRT-PCR) of  the 
expression level of  nestin performed on 23 tissue speci-
mens from patients with stage Ⅲ-Ⅳ melanoma has also 
indicated that this stem cell-like marker was expressed at 
a higher level in stage Ⅳ patients compared to stage Ⅲ
/Ⅳ with no evidence of  disease[93]. It has also been noted 
that the expression of  nestin positively correlated with 
the tumor burden and tyrosinase and melan-A co-expres-
sion in malignant tissues[93]. Nestin has also been detected 
with tyrosinase in a proportion of  circulating melanoma 
cells enriched from peripheral blood samples while no 
cells expressing nestin were detected in peripheral blood 
of  healthy volunteers[93].
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Additionally, it has also been reported that the per-
centage of  circulating melanoma cells expressing stem 
cell-like markers, nestin and CD133, detected in 32 mela-
noma patients correlated with tumor burden and num-
ber of  metastatic sites, and was associated with a shorter 
overall survival of  patients[59]. The immunohistochemi-
cal analyses of  co-expression of  different stem cell-like 
markers, including nestin, CD133, ABCB5 and CD166 
have also indicated that these biomarkers were signifi-
cantly enhanced in primary and metastatic melanoma 
specimens as compared to melanocytic nevi[102,103]. On 
the other hand, a higher proportion of  melanoma cells 
coexpressing stem cell-like markers, CD271 and SOX10, 
has also been detected within melanoma biopsies of  pri-
mary tumors, melanoma metastases and melanoma cell 
lines and associated with higher metastatic potential and 
poor tumor-specific survival of  melanoma patients[64].

Collectively, the recent advancements on the iden-
tification of  distinct potential biomarkers in melanoma 
stem/progenitor cells and their differentiated progenies 
offer now the possibility to assess their expression levels 
in primary and metastatic melanoma tissue specimens, 
serum samples and/or circulating melanoma cells de-
tected in peripheral circulation from patients in the 
clinics. The simultaneous analyses of  the expression of  
these novel molecular biomarkers could be exploited to 
develop more effective and non-invasive screening tests 
for improving the current diagnostic and prognostic 
methods. Moreover, these novel molecular biomarkers 
could be used to predict the potential response of  mela-
noma patients to the inhibitory agents targeting these 
deregulated signaling elements, and thereby lead to an 
optimization of  the choice of  cytotoxic drugs for their 
therapeutic treatment in the clinics. In this matter, we re-
view data from recent in vitro and in vivo studies and clini-
cal trials carried out to validate new potential therapeutic 
targets in melanoma stem/progenitor cells and their 
progenies for improving current treatments of  patients 
diagnosed with aggressive melanomas.

NEW THERAPEUTIC STRATEGIES
AGAINST AGGRESSIVE AND 
METASTATIC MELANOMAS
Molecular targeting strategies
Recent investigations in melanoma research have led 
to the identification of  several molecular pathways and 
specific gene products that are often deregulated during 
melanoma initiation and progression to locally advanced 
and metastatic disease states. The oncogenic products 
constitute new potential therapeutic targets to eradi-
cate the total melanoma cell mass, including melanoma 
stem/progenitor cells, and prevent disease progression 
and relapse. These deregulated gene products include 
B-RafV600E, N-RasG61K, different receptor tyrosine kinases 
(RTKs) such as EGFR, KIT, MET, PDGFRs and VEG-
FRs as well as sonic hedgehog, Wnt/β-catenin, Notch, 

Nodal/Cripto, HA/CD44 and SDF-1/CXCR4 and 
their downstream signaling effectors such as PI3K/Akt, 
NF-κB and MIC-1 as well as ABC multidrug resistance 
transporters (Figure 1; Table 1)[13,17,22,24-46]. The blockade 
of  these tumorigenic pathways and targeting of  drug re-
sistance-associated molecules by using specific inhibitory 
agents has been shown to suppress the growth, invasion 
and/or metastases of  melanoma cells and angiogenesis 
process in vitro and in vivo[17,24-46,104]. For instance, a com-
bination of  EGFR tyrosine kinase inhibitor, erlotinib 
plus adenoviral vector-mediated IL-24 expression was 
more effective as individual agents at inhibiting growth 
and inducing apoptosis of  different melanoma cell lines 
in vitro[105]. In the same way, the combined treatment with 
erlotinib and a monoclonal antibody (mAb) termed bev-
acizumab that binds to and inhibits VEGF, also induced 
supra-additive inhibitory effect on the tumor growth 
of  melanoma cell-derived xenografts and reduced the 
metastatic spread of  melanoma cells to lymph nodes and 
lungs in mice as compared to single agents[106]. The anti-
tumoral effects of  the combined drugs was mediated in 
part through the inhibition of  proliferation and increase 
of  apoptosis of  melanoma cells as well as a reduction 
in tumor angiogenesis[106]. Moreover, it has been re-
ported that the activation of  Ras/MAPK and PI3K/Akt 
pathways may contribute to the up-regulation of  GLI 
transcriptional effector of  hedgehog cascade in mela-
noma cells and the inhibition of  smoothened (SMO) co-
receptor for sonic hedgehog ligand using cyclopamine 
reduced the growth of  melanoma cell-derived xenografts 
and metastases in mice and prevented disease recurrence 
(Figure 1)[104].

Importantly, the targeting of  the stem cell-like marker 
CD133 using mAbs has also been reported to induce the 
cytotoxic effects in FEMX-I melanoma cells in vitro and 
reduce their metastatic spread in mice in vivo[57]. More-
over, the inhibition of  ABCB5 multidrug transporter us-
ing a mAb also inhibited the tumor growth of  CD133+/
ABCB5+ melanoma stem cell-derived xenografts in 
vivo[55]. A combination of  a CXCR4 inhibitor AMD3100 
plus current chemotherapeutic drug, darcarbazine was 
also more effective at reducing the tumor growth and 
metastases of  chemoresistant CD133+/CXCR4+ mela-
noma cells in vivo as compared to single drugs[65]. Addi-
tional studies, however, are necessary to further establish 
the molecular mechanisms at the basis of  the cytotoxic 
effects of  these therapeutic agents, alone or in combina-
tion therapies with current chemotherapeutic drug, da-
carbazine on different melanoma cell models.

In addition, several clinical trials have also been carried 
out or are undergoing to investigate the anticarcinogenic 
efficacy of  new chemopreventive and anticarcinogenic 
agents and diverse immunosuppressive therapeutic strat-
egies such as the use of  dentritic cells, high-doses of  
interferon-α (IFN-α) and/or IL-2 and anti- cytotoxic 
T lymphocyte-associated antigen 4 (CTLA-4) antibody, 
alone or in combination with current therapies for treat-
ing locally advanced, metastatic and recurrent melano-
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mas[33,66,107-119]. The cytotoxic drugs include the specific 
inhibitors of  B-RafE600V, N-RasG61K, KIT, EGFR and 

hedgehog signaling elements. Importantly, the results 
from phase I clinical studies with a orally active inhibitor 
of  oncogenic B-RafV600E product, PLX4032 carried out 
with 32 patients with metastatic melanomas harboring 
the B-RafV600E mutation have revealed that this treatment 
led to a substantial tumor regression including 24 patients 
that showed a partial response and 2 had a complete re-
sponse[120]. The trials are now undergoing to determine 
the long-term effect of  PLX4032, alone or in combina-
tion with other agents such as MEK inhibitor, on the 
survival of  melanoma patients[121,122]. In regard with this, 
the clinical responses have also been observed in a phase 
II study with orally active and highly selective inhibitor of  
MEK1/2, AZD6244 (ARRY-142886) or temozolomide 
performed with 200 patients with advanced melanoma 
harboring B-RafE600V mutation[123,124]. On the other hand, it 
has also been reported that the melanoma patients harbor-
ing the activating mutations in the KIT receptor exhibited 
a partial or complete response to imatinib mesylate[33]. It 
has however been noted that dasatinib was more effec-
tive than imatinib at reducing the viability of  melanoma 
cells in two melanoma patients harboring the KITL576P 
mutation which is the most frequent KIT mutation oc-
curring in approximately 30%-40% cases of  melanoma[44]. 
Furthermore, the data from a multi-institutional phase II 
trial with an oral multikinase inhibitor termed sorafenib, 
which targets different tyrosine protein kinases, including 
wild-type and mutant B-Raf  and C-Raf  kinases, PDG-
FRs, KIT, VEGFR2 and VEGFR3, performed with 36 
patients with advanced melanomas have indicated that 1 
patient showed a partial response for 175 d and 3 patients 
had stable disease with a mean duration of  37 wk[125].

Immunotherapy-based strategies
Among other promising experimental strategies, the re-
sults from the clinical trials with a experimental treatment 
consisting to a topical application of  a cream containing 
5% an immunomodulatory agent, imiquimod (Aldara) 
after surgical excision of  tumors have revealed that this 
treatment reduced some melanocytic nevi and melanoma-
in-situ (lentigo maligna)[9,10,107-109,126,127]. Moreover, the data 
from a Phase Ⅰ/Ⅱ study of  a combination of  topical 
imiquimod and intralesional IL-2 have also revealed that 
its treatment induced a significant clinical response in 
patients with multiple accessible melanoma metastases 
by increasing the activated lymphocytes and the produc-
tion of  IFN-γ by peripheral blood mononuclear cells as 
well as by restoring the Th1/Th2 balance[110,111]. In addi-
tion, a therapeutic treatment consisting of  an adjuvant 
immunotherapy with high doses of  immunosuppressive 
agents, IL-2 and/or IFN-α, alone or in combination with 
chemotherapy or adoptive cell therapy, has also been ob-
served to result in a complete and long-lasting remission 
in a small subset of  melanoma patients[1,9,10,66,113,116,117,128-130]. 
In particular, it has been reported that the melanoma cell 
density in metastases and angiogenesis was significant 
reduced after a treatment with IFN-α[131]. Moreover, the 
results of  phase Ⅱ trials with 28 patients with stage Ⅳ 
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  Targeted deregulated element Name of inhibitory agent
  mAb against stem cell-like surface
  marker
    CD133 Anti-CD133 mAb
    ABCB5 Anti-ABCB5 mAb
 Growth factor signaling inhibitor
    EGFR (erbB1) antibody mAb-C225, cetuximab

(IMC-C225), IMC-1121B
    EGFR-TKI Gefitinib, erlotinib, AG1478,

PD153035
    Anti-EGF antibody ABX-EGF
    Pan-erbB1/erbB2/erbB3/erbB4-TKI  Cl1033
    MET SUI1274
    Hedgehog Anti-SHH antibody, SMO 

inhibitor (cyclopamine, GDC-0449, 
BMS-833923, NVP-LDE225, IPI-926 
IPI-269609)

    Wnt/β-catenin Anti-Wnt antibody, WIF-1
    Notch γ-secretase inhibitor 

(DAPT, MK-0752,GSI-18)
     Nodal/Cripto LEFTY, Anti-Cripto mAb
     KIT Imatinib mesylate, dasatinib
     HA/CD44 Anti-CD44 mAb, soluble CD44 

protein
     VEGF Anti-VEGF antibody 

(bevacizumab)
     VEGFR2 Anti-VEGFR-2 mAb (DC101)
     VEGFR2/EGFR/RET Vandetanib (ZD6474)
     VEGFRs, PDGFRs, KIT Sunitinib
     B-Raf, C-Raf, KIT, PDGFRs, VEGFR2
    and 3

Sorafenib

     ECM component/integrin Anti-integrin antibody
     CXCR4 AMD3100
  Intracellular signaling inhibitor
    B-RafE600V PLX 4032, PLX4720
    MEK1/2 AZD6244 (ARRY-142886),

PD0325901
    PI3K LY294002
    mTOR Rapamycin, CCl-779,
    PI3K/mTOR PI-103
    NF-κB IkBα inhibitor, sulfasalazine, bort-

ezomib (PS-341) salinosporamides 
A (NPI-0052), parthenolide

    COX-2 NS-396, etodolax, celecoxib, rofe-
coxib

  Immunomodulatory agent
    Immune and/or vascular systems Imiquimod, INF-α, IL-2, IL-21, 

anti-CTLA-4, mAb (ipilimumab 
“MDX 010”and tremelimumab 
“CP-675, 206”)

Table 1  Potential therapeutic targets in melanoma stem/pro-
genitor cells and their progenies

CTLA-4: Cytotoxic T lymphocyte-associated antigen 4; DAPT: N-(N-
3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester; ECM: 
Extracellular matrix; EGF: Epidermal growth factor; EGFR: Epidermal 
growth factor receptor; IκBα: Inhibitor of nuclear factor-κBα; IL: Interleu-
kin; INF: Interferon; mAb: Monoclonal antibody; NF-κB: Nuclear factor-
kappaB; PDGFRs: Platelet-derived growth factor receptors; MET: Hepa-
tocyte growth factor receptor; PI3K: Phosphatidylinositol 3’-kinase; SMO: 
Smoothened; TKI: Tyrosine kinase inhibitor; VEGF: Vascular endothelial 
growth factor; VEGFR: Vascular endothelial growth factor receptor; WIF-1: 
Wingless inhibitory factor-1; Wnt: Wingless ligand.
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melanoma without brain metastases have revealed that 
a combination of  dacarbazine plus pegylated IFN-α2a 
was well tolerated and associated with a response rate of  
24% in 25 patients evaluable for response, including 2 
long-lasting complete responses[132]. Interestingly, the re-
sults of  a phase II trial with an oncolytic herpes simplex 
virus type 1 encoding granulocyte macrophage-colony 
stimulating factor (GM-CSF), designated as Oncovex 
(GM-CSF), have also indicated a 28% objective response 
rate occurred in patients with melanomas which was ac-
companied by a tumor regression of  both injected and 
non-injected lesions[126,127]. These data suggest that the 
treatment with Oncovex (GM-CSF) can induce a direct 
oncolytic effect in injected tumors as well as a secondary 
immune-mediated anti-tumor effect on non-injected tu-
mors[126,127].

CONCLUSION
Significant advancements made in last few years have 
provided important information on the molecular sig-
naling pathways and gene products that are frequently 
deregulated in melanoma stem/progenitor cells and their 
progenies during melanoma formation and progres-
sion to locally advanced and metastatic disease states. 
Consequently, the combination of  different molecular 
biomarkers or cytotoxic agents targeting distinct gene 
products altered during melanoma development may 
constitute more promising therapeutic strategies as the 
use a single biomarker or monotherapy for improving 
the accurate of  current diagnostic and prognostic meth-
ods and efficacy of  the treatment of  melanoma patients.
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Abstract
AIM: To evaluate any differences between the percent-
ages of involved breast volume, pathologic attributes, 
and tumor marker expression of T3 and T4a-c tumors 
in locally advanced breast cancers (BC).

METHODS: All patients with T3N > 0 and T4a-c BC 
without evidence of distant metastasis (M0), presenting 
to the Breast Clinic from 1980 to 2010, were examined 

to determine whether their BC’s involved ≥ 50% of 
their breast volumes, defined by gross replacement of 
at least one hemisphere. Core needle biopsy or post-
mastectomy specimens from tumors involving a known 
percent of breast volume were evaluated for: (1) 
pathological grades and lympho-vascular invasion (LVI); 
(2) hormone receptor (ER/PR) expression > 0; and (3) 
epidermoid growth factor 2 (her2) over-expression (3+) 
by immune-histochemical staining or fluorescent in situ  
hybridization.

RESULTS: The data base included 98 patients with 
T3N> 0 M0 and 120 with T4a-c, any N disease, M0 
disease. T3 tumor masses involved 50% or more of the 
breast in 23/98 (24%), and T4a-c tumors 65/120 (54%) 
(P  < 0.001). Only 1% of T3 tumors and 23% of T4a-c 
tumors presented with total breast replacement. There 
were no significant differences between the pathologi-
cal attributes and marker expression of the T3 and 
T4a-c tumors.

CONCLUSION: These data suggest that erosion of the 
overlying skin or underlying chest wall by some BC may 
be due to neglect and delay, rather than inherent bio-
logical aggressiveness.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Locally advanced (stage Ⅲ) breast cancer (BC) refers 
to attributes of  primary tumors and/or draining nodes 
which imply the probability of  early local and distant re-
lapse. The relevant attributes of  the primary tumors are: (1) 
At least one diameter > 5 cm with associated local nodal 
involvement (Stage ⅢA; T3N1); (2) Invasion of  the chest 
wall (T4a), skin (T4b) or both (T4c) (stage ⅢB); and (3) 
Diffuse breast inflammation with rapid growth and early 
nodal involvement (T4d)[1]. T4d tumors are a distinct clini-
cal and pathological entity[2]. As such tumors are often 
diffuse, determination of  their size, and amount of  breast 
volume they encompass, is not possible.

T3N1 tumors have a significantly better prognosis 
than T4a-c tumors[3]. Some of  the latter are node nega-
tive. The size of  many of  these tumors suggests very 
prolonged growth prior to presentation, but histories 
obtained from patients are not a reliable method of  de-
termining their duration. Local invasion may not always 
be due to intrinsic aggressiveness. Prolonged growth may 
ultimately lead to replacement of  most of  the breast by 
tumor, leading to proximity to adjacent structures, which 
may facilitate local invasion.

The purpose of  this study is to compare local growth, 
pathological attributes and marker expression in stage Ⅲ 
patients with T3 or T4a-c tumors. The data obtained may 
help elucidate the mechanism of  local invasion by breast 
tumors. 

MATERIALS AND METHODS
Patient information was obtained from the Kings County 
Hospital Locally Advanced Breast Cancer Database, in-
cluding all patients who presented with T3N > 0M0 or 
T4a-c, any N, M0 tumors. All patients were initially staged 
by radionuclide bone scanning and either chest films or 
computerized axial tomography; those with detectable 
distant metastases were excluded. Patients with diffuse in-
flammation (T4d) were excluded, but those with localized 
inflammation due to ulceration were considered T4b or c. 

The two longest diameters of  each tumor were mea-
sured and their product determined. The dimensions 
from mammography were also noted; these usually cor-
responded with the measurements from physical exami-
nation, but where these parameters were discordant those 
from mammography were employed. The breast was 
similarly measured. Data from mastectomy specimens 
was not usable because almost all of  the patients had re-
ceived neoadjuvant systemic therapy. From these data the 
volumes of  the tumor and the breast were estimated, and 
confirmed by a second physician. The cases in which the 

tumor volume was equal to or greater than 50% of  the 
breast volume could be reliably distinguished from those 
in whom a smaller proportion of  the breast volume was 
involved; in such cases at least one breast hemisphere was 
fully replaced. In many cases almost the whole breast was 
involved by tumor.

The tumors, either as sampled by multiple core needle 
or incisional biopsies at presentation, or from mastectomy 
specimens before systemic therapy, were also evaluated 
for pathological grade, lymphovascular invasion (LVI), 
hormone receptor and epidermoid receptor-2 (her-2) 
over-expression. The latter determination was based on 
American Society of  Clinical Oncology (ASCO) criteria[4]. 
Estrogen (ER) and progesterone receptor (PR) expres-
sion was determined by immunohistochemical (IHC) 
staining of  nuclei and cytoplasm. The tumor specimens 
were considered positive (1+) if  >10% of  the tumor cells 
displayed nuclear ER or PR. Triple negative tumors were 
those whose ER/PR scores were 0, and which were < 3+ 
for her2.

The presence or absence of  LVI was not noted on 
many pathology reports, and in such cases was deter-
mined from review of  slides, or preparation of  new 
slides from archival material. Core needle biopsy material 
was not deemed sufficient for evaluation of  LVI, so that 
only mastectomy specimens were used for this purpose. 
Neoadjuvant therapy, mostly with anthracycline based 
chemotherapy, was administered to 98% of  the T3N > 
0, and 91% of  the T4a-c patients, which may have altered 
tumor morphology in mastectomy specimens. Evaluation 
was limited to tissue peripheral to carcinoma, and LVI 
defined as tumor cells within vessels. Minimal residual 
disease or ductal carcinoma in situ (DCIS) only, were pres-
ent in some specimens. Equivocal morphologic results 
were obtained in some cases. The latter were IHC stained 
with monoclonal antibodies directed against podoplanin, 
expressed by lymphatic endothelium, and platelet endo-
thelial cell adhesion molecule 1, expressed by blood ves-
sel endothelium[5]. 

Determinations of  relapse incidence and relapse free 
survival (RFS) were based on those ⅢA and ⅢB patients 
who had neoadjuvant or adjuvant therapy, and defini-
tive surgery. All patients were asked to report to clinic 
for follow-up every 6 mo for one year following primary 
treatment, and yearly thereafter, or when they noted signs 
and symptoms of  local and distant relapse.

RESULTS
The criteria for inclusion in the study were patients with 
T3N > 0M0 or T4a-c, any N, M0. Only patients for 
whom percentage of  breast volume replaced by tumor 
had been recorded at presentation were included, 98 of  
whom had T3 and 120 T4a-c tumors. For this reason 10 
of  108 T3 and 7 of  127 T4 tumors were excluded. We in-
cluded patients whose tumor grade was not known, and 
those for whom LVI could not be determined. We also 
included those without adequate data concerning ER/PR 
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and her2 expression. 
In some cases these data had not been entered in 

the database. This was the case with many patients who 
presented before 1993 for ER/PR, and before 1996 for 
her2. Electronic charts were introduced in 1997, and hard 
copy charts for patients presenting earlier were unavail-
able. Some of  these data were obtained from archival 
material, when available.

The youngest and oldest T3N > 0M0 patients were 
26 and 77 years of  age, and 26 and 92 for the T4a-c, any 
N, M0 group. The mean ages of  the T3N > 0M0 and the 
T4a-c, any N, M0 groups are presented in table 1. The 
oldest T3 patient was 77, while 11% of  the T4 patients 
were > 77 (78-92). The T4a-c patients were significantly 
older than the T3N > 0 patients. P value (< 0.001) was 
calculated by the Wilcoxian test.

Most T3 tumors involved less than 50% of  the breast 
volume, and most T4a-c tumors involved 50% or more 
(P < 0.001); that is, at least one breast hemisphere was re-
placed by tumor. The whole breast was involved in a fifth 
of  the T4a-c cases, but in only 1% of  the T3 tumors (P < 
0.001) (Table 1). 

The two groups were almost identical in pathological 
grade and hormone receptor expression (Table 1). There 
were no significant differences between her2 expression, 
triple negativity and LVI. Of  the T3 patients 13 (22%) 
and of  the T4a-c 17 (28%) were triple negative. Of  96 
available Hematoxylin-Eosin stained slides, 18 contained 
only minimal residual disease or DCIS. Of  the 78 speci-
mens containing sufficient tumor for evaluation, 31 cases 
were positive and 21 cases negative for LVI. The mor-
phology of  26 cases was equivocal, and these were IHC 
stained to determine whether or not LVI was present; 22 
were informative. The results are presented in Table 1. P 
values were calculated by Fisher’s exact test. 

More than 90% of  all patients received neoadjuvant 
systemic therapy, and the rest post-operative treatment. 
Relapse was defined as either distant metastases, con-
firmed by imaging, or by regional recurrence, such as 
supraclavicular nodes or the brachial plexus syndrome; 
chest wall recurrences were not included. The analysis 
of  the two patient groups for relapse incidence and RFS 
was limited to those who had definitive surgery: 72/98 
(74%) of  the stage ⅢA and 81/120 (68%) of  the ⅢB 
patients. Of  the ⅢA patients 38%, and of  the ⅢB pa-
tients 51% ultimately relapsed at distant or regional sites. 
The Kaplan-Meier curves of  RFS are presented in Figure 
1. Although more of  the ⅢB patients relapsed the differ-
ence was not significant (P = 0.097).

DISCUSSION
Prolonged growth resulting from neglect has been as-
sumed to be an explanation for local invasion by BC’s, but 
the unreliability of  patient histories has made it difficult 
to confirm this hypothesis[6-7]. It is supported by the much 
higher incidence of  locally advanced BC’s amongst wom-
en in non-industrialized nations, or in those with limited 

use of, or access to screening or regular medical care[8]. 
The percentage of  breast volume involved by a tu-

mor is a function of  the ratio of  tumor to breast size. 
We compared the amount of  breast volume replaced by 
tumor in patients with large breast cancers (T3) and in 
those whose cancers, regardless of  size, had grossly in-
vaded the skin or chest wall (T4a-c). We found that can-
cers which invaded local structures more often replaced 
50% or more of  the breast volume than large cancers (T3) 
which remained within the breast. Replacement of  most 
of  the breast may bring the tumor cells close enough to 
adjacent structures to facilitate their invasion. We and 
others[9-11] have found physical examination a reliable 
method of  determining breast tumor size and percentage 
of  the breast involved by tumor; the results correlate well 
with those obtained by mammography[12].

Pathological attributes and marker expression were 
similar in the two groups. Thus, an important role for 
neglect and prolonged tumor growth in the pathogenesis 
of  local invasion is suggested by these data. But other 
biological differences may exist between them; we have 
not excluded differences between gene expressions in the 

  BC T3N>0 % T4a-c % P value
  Age Mean 51 - 58 - < 0.001
  ≥ 50%BV 23/98 24 65/120 54 < 0.001
  WB 1/98   1 21/99 21 < 0.001
  Grade Ⅲ 51/82 62 51/84 61 0.874
  ER> 0 36/63 57 38/67 57        1
  PR> 0 29/63 46 31/67 46        1
  ER/PR> 0 27/63 43 33/67 49 0.486
  Her2+ 25/58 42 21/60 35 0.455
  Triple neg 13/59 22 17/60 28 0.528
  LVI 6/33 18 11/40 28 0.403

Table 1  Comparison between the attributes of 98 patients 
with T3N > 0M0 breast tumors and 120 patients with 
T4a-c, any N, M0 tumors

BC: Breast cancers; BV: Breast volume; WB: Whole breast; ER: Estrogen 
receptor; PR: Progesterone receptor; Her2+: Epidermoid growth factor 
receptor 2; LVI: Lymphovascular invasion. 
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Figure 1  A Kaplan-Meier plot was constructed to compare relapse rate 
of type Ⅲa (n = 72) vs type Ⅲb (n = 81). The log-rank test of comparison of 
groups yielded P = 0.097.
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two groups.
There may still be a role for constitutively rapid 

growth in the tendency of  some T4a-c tumors to occupy 
large breast volumes, and for intrinsic differences in the 
ability of  tumor cells to invade adjacent structures. 

The mean age of  our patients with locally invasive 
tumors was 58, while that of  the patients with T3 tu-
mors was 51. Yet the tumors of  younger BC patients are 
generally more aggressive[13]. For example, the mean age 
of  127 patients with constitutively aggressive inflamma-
tory carcinomas (T4dM0) was 50 (data not presented). 
Our T4a-c patients may have been older than T3 or T4d 
patients because more years had elapsed between tumor 
onset and presentation for medical treatment.

The incidence of  distant metastases at presentation 
or subsequent distal relapse of  T4a-c tumors is similar 
to that of  inflammatory carcinomas[3]. Prolonged growth 
and local invasion may themselves facilitate the develop-
ment of  such metastases. Alternatively, tumors which 
invade local structures may be constitutively prone to 
distant spread. Of  interest is the fact that T4 tumors are 
the only subsets of  BC whose distant relapse rate may be 
independent of  nodal involvement[3].

As previously reported[3], there is a significant dif-
ference between the incidences of  distant metastases 
at presentation in patients presenting with T3N1 and 
T4a-c tumors; 8.8% and 42% in this study. Thus, the 
stage ⅢB (T3N1M0) patients in this study may represent 
a subset of  T4a-c patients with less aggressive disease. 
This may, in part, explain the fact that the differences 
between relapse rates and survival curves of  the ⅢA and 
B patients were not significant. Earlier studies[3] showed 
a poorer prognosis for ⅢB (T4a-c) patients, but the ad-
juvant therapy for many of  the patients reported here 
included innovations, such as taxanes, anti-her2 agents, 
and aromatase inhibitors. The longest recorded follow-up 
periods were for patients who had relapsed. Many of  our 
patients reside in the Caribbean; although some continue 
to report for yearly follow-up at our clinic, those who 
relapse are more likely to do so. Most of  these data were 
obtained from patients of  African-Caribbean origin, and 
may not be the same in other groups.

We conclude that the behavior of  locally advanced 
primary BC’s is likely to be related, in part, to their dura-
tion and growth. Intracellular attributes facilitating inva-
sion of  adjacent structures may exist, but their existence 
cannot be assumed until demonstrated.

COMMENTS
Background
Any or all of the following attributes define locally advanced (stage Ⅲ) breast 
cancer: (1) large (> 5) cm size with involved lymph nodes in the armpit (stage 
ⅢA); (2) tumors which have grossly invaded adjacent skin or chest wall (stages 
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mors are more likely to relapse at distant sites after surgery and radiation than 
stage Ⅰ or Ⅱ tumors; (4) the cells of inflammatory (stage ⅢBd) tumors are 
known to be rapidly growing, abnormally invasive and aggressive. This is not 

necessarily true of stage ⅢA and ⅢBa-c tumors. In such patients large size 
and local invasion may be due to prolonged neglect of the tumor by the patient 
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Multi-Disciplinary Appoaches to 
Cancer Therapy 
Dubai, United Arab Emirates

January 26-27, 2012
3rd National Conference: Renal and 
Bladder Cancer 2012
London, United Kingdom

January 30-31, 2012
2nd Annual Clinical Trials in 
Oncology 
Rome, Italy

February 2-3, 2012
Stem Cells 2012 Conference and 
Exhibition
San Diego, CA, United States

February 6-8, 2012
Mahidol International Conference 
on Infections and Cancers 2012 
Bangkok, Thailand

February 12-17, 2012
Keystone Symposia: Cancer and 
Metabolism 
Alberta, Canada

February 22-25, 2012
Excellence in Oncology
Istanbul, Turkey

March 8-10, 2012
10th International Congress on 
Targeted Anticancer Therapies 
Amsterdam, Netherlands

March 9-10, 2012
13th European Congress: 
Perspectives in Lung Cancer 
Amsterdam, Netherlands

March 14-16, 2012
BTOC-11 Biological Therapy of 
Cancer
Munich, Germany

March 15-17, 2012
3rd Conference on Therapeutic 
Resistance in Cancer 
Quebec, Canada

March 29-30, 2012
Modern methods of diagnosis and 
treatment of malignant tumors
Kiev, Ukraine

April 13-15, 2012
Asian Oncology Summit 2012 
Singapore, Singapore

April 20-21, 2012
Diagnosis and treatment of 
advanced forms of prostate cancer, 
bladder cancer and kidney cancer
Kiev, Ukraine

April 20-22, 2012
The 9th Meeting of Asian Society for 
Neuro-Oncology 
Taipei, Taiwan

April 26-28, 2012
3rd International Video 
Workshop on Radical Surgery in 
Gynaecological Oncology
Prague, Czech Republic

April 28, 2012
Issues in Pediatric Oncology 
Kiev, Ukraine

May 5-6, 2012
Radiation Research Methods as A 
Diagnostic and Therapeutic Support 
in Oncology
Kiev, Ukraine

May 17-18, 2012
Eurasian forum on the management 
of patients with tumors of the 
gastrointestinal tract
Uman, Ukraine

June 16-17, 2012
Issues of Neurosurgery, vascular 
neurosurgery, neurooncology, spinal 
surgery and spinal cord 
Kiev, Ukraine

July 7-10, 2012
22nd Biennial Congress of the 
European Association for Cancer 
Research 
Barcelona, Spain

July 21-28, 2012
Cancer In Women
Hawaii, HI, United States

July 25-27, 2012
5th Latin American Conference on 
Lung Cancer
Rio de Janeiro, Brazil

August 27-30, 2012
UICC World Cancer Congress 2012 
Québec, Canada

September 6-8, 2012
The 8th International Jordanian 
Oncology Society Conference 
Amman, Jordan

September 27-28, 2012
Current issues of diagnosis and 

treatment of oncogynecology 
diseases
Ivano Frankivsk, Ukraine

September 27-29, 2012
European Conference of Oncology 
Pharmacy
Budapest, Hungary

October 5-8, 2012
44th Congress of the International 
Society of Paediatric Oncology 
London, United Kingdom

October 13-16, 2012
14th Biennial Meeting of the 
International Gynecologic Cancer 
Society
Vancouver, Canada

October 19, 2012
Modern aspects of diagnosis and 
treatment of breast cancer
Kiev, Ukraine

October 23-26, 2012
Sydney International Breast Cancer 
Congress 2012
Sydney, Australia

October 27-28, 2012
Optimization methods for radiation 
diagnosis in oncology
Odessa, Ukraine

November 6-9, 2012
24th EORTC-NCI-AACR 
Symposium on "Molecular Targets 
and Cancer Therapeutics"
Dublin, Ireland

November 16-17, 2012
17th Annual Perspectives in Thoracic 
Oncology 
New York, NY, United States
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GENERAL INFORMATION 
World Journal of  Clinical Oncology (World J Clin Oncol, WJCO, online 
ISSN 2218-4333, DOI: 10.5306) is a monthly peer-reviewed, on-
line, open-access (OA), journal supported by an editorial board 
consisting of  316 experts in oncology from 33 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scientists 
and the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as pro-
moting the application of  scientific achievements, but also in formally 
recognizing the "priority" and "copyright" of  innovative achievements 
published, as well as evaluating research performance and academic 
levels. So, to realize these desired attributes of  WJCO and create a 
well-recognized journal, the following four types of  personal benefits 
should be maximized. The maximization of  personal benefits refers 
to the pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial board 
members: The primary task of  editorial board members is to give a 
peer review of  an unpublished scientific article via online office sys-
tem to evaluate its innovativeness, scientific and practical values and 
determine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge information in 
that field at first hand. As leaders in their field, they have priority to 
be invited to write articles and publish commentary articles. We will 
put peer reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of  the benefits of  authors: Since WJCO is an open-access 
journal, readers around the world can immediately download and 
read, free of  charge, high-quality, peer-reviewed articles from WJCO 
official website, thereby realizing the goals and significance of  the 
communication between authors and peers as well as public reading; (3) 
Maximization of  the benefits of  readers: Readers can read or use, free 
of  charge, high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to validate 
the innovativeness, scientific and practical values of  their own research 
achievements, thus ensuring that their articles have novel arguments or 
viewpoints, solid evidence and correct conclusion; and (4) Maximiza-
tion of  the benefits of  employees: It is an iron law that a first-class 
journal is unable to exist without first-class editors, and only first-class 
editors can create a first-class academic journal. We insist on strength-
ening our team cultivation and construction so that every employee, 
in an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realizing the 

maximization of  the personal benefits of  editorial board members, 
authors and readers, and yielding the greatest social and economic 
benefits.

Aims and scope
The aim of  WJCO is to report rapidly new theories, methods and 
techniques for prevention, diagnosis, treatment, rehabilitation and 
nursing in the field of  oncology. WJCO covers etiology, epidemiology, 
evidence-based medicine, informatics, diagnostic imaging, endoscopy, 
tumor recurrence and metastasis, tumor stem cells, radiotherapy, che-
motherapy, interventional radiology, palliative therapy, clinical chemo-
therapy, biological therapy, minimally invasive therapy, physiotherapy, 
psycho-oncology, comprehensive therapy, oncology-related traditional 
medicine, integrated Chinese and Western medicine, and nursing. 
WJCO covers tumors in various organs/tissues, including the female 
reproductive system, bone and soft tissue, respiratory system, urinary 
system, endocrine system, skin, breast, nervous system, head and 
neck, digestive system, and hematologic and lymphatic system. The 
journal also publishes original articles and reviews that report the re-
sults of  applied and basic research in fields related to oncology, such 
as immunology, physiopathology, cell biology, pharmacology, medical 
genetics, and pharmacology of  Chinese herbs.

Columns
The columns in the issues of  WJCO will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future 
research; (3) Topic Highlight: This column consists of  three formats, 
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary on common issues of  this hot topic, and (C) a commentary on 
the 10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Basic 
Research: To provide Guidelines for basic research; (6) Guidelines for 
Clinical Practice: To provide guidelines for clinical diagnosis and treat-
ment; (7) Review: To review systemically progress and unresolved 
problems in the field, comment on the state of  current research, and 
make suggestions for future work; (8) Original Articles: To report 
innovative and original findings in oncology; (9) Brief  Articles: To 
briefly report the novel and innovative findings in oncology; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in WJCO, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on quality 
monographs of  oncology; and (13) Guidelines: To introduce consen-
suses and guidelines reached by international and national academic 
authorities worldwide on the research oncology.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJCO requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, as 

revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book An-
tiqua with ample margins. Number all pages consecutively, and start 
each of  the following sections on a new page: Title Page, Abstract, In-
troduction, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, Figures, and Figure Legends. Neither the 
editors nor the publisher are responsible for the opinions expressed by 
contributors. Manuscripts formally accepted for publication become 
the permanent property of  Baishideng Publishing Group Co., Lim-
ited, and may not be reproduced by any means, in whole or in part, 
without the written permission of  both the authors and the publisher. 
We reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for the care 
and use of  laboratory animals of  their institution or national animal 
welfare committee. For the sake of  transparency in regard to the per-
formance and reporting of  clinical trials, we endorse the policy of  the 
ICMJE to refuse to publish papers on clinical trial results if  the trial 
was not recorded in a publicly-accessible registry at its outset. The only 
register now available, to our knowledge, is http://www.clinicaltrials.
gov sponsored by the United States National Library of  Medicine and 
we encourage all potential contributors to register with it. However, in 
the case that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and se-
crecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/2218-4333office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/2218-4333/g_info_ 
20100722172206.htm) before attempting to submit online. For  
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjco@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
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typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. 
Style should conform to our house format. Required information for 
each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJCO, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2218-4333/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1  Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed and 
E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number (in 
black), start page, and end page [PMID: 11819634   DOI: 10.3748/
wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   

PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
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