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Abstract: Melanomas are a major cause of premature death from cancer. The gradual 
decrease in rates of morbidity and mortality has occurred as a result of public health 
campaigns and improved rates of early diagnosis. Survival of melanoma has increased to 
over 90%. Management of melanoma involves a number of components: excision, tumor 
staging, re-excision with negative margins, adjuvant therapies (chemo, radiation or 
surgery), treatment of stage IV disease, follow-up examination for metastasis, lifestyle 
modification and counseling. Sentinel lymph node status is an important prognostic factor 
for survival in patients with a melanoma >1 mm. However, sentinel lymph node biopsies 
have received partial support due to the limited data regarding the survival advantage of 
complete lymph node dissection when a micrometastasis is detected in the lymph nodes. 
Functional mutations in the mitogen-activated pathways are commonly detected in 
melanomas and these influence the growth control. Therapies that target these pathways 
are rapidly emerging, and are being shown to increase survival rates in patients. Access to 
these newer agents can be gained by participation in clinical trials after referral to a 
multidisciplinary team for staging and re-excision of the scar.  
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1. Introduction 

Melanomas are malignant tumors derived from melanocytes. The most common site of involvement is 
the skin, although occasionally primary melanoma develops in other organs (eye, oral and nasal mucosa, 
vulval and anorectal mucosa, other gastrointestinal mucosa and the central nervous system (CNS)).  

Melanomas are a major cause of premature death from cancer. Recognized risk factors include 
personal or family history of melanoma, large numbers of naevi and/or dysplastic naevi, giant 
congenital melanocytic naevi, fair complexion, a tendency to sunburn, solar-damaged skin, a history of 
non-melanoma skin cancer, and immunodeficiency [1–3]. 

The most common sites for melanoma are the legs of women and the backs of men, despite these 
not being the sites of greatest sun exposure. Early detection is associated with improved survival [4]. 

Any malignancy will grow, grow irregularly, and function abnormally. Melanomas produce pigment 
in varying amounts and may elicit an immune response that will be reflected in the clinical appearance. 
Some melanomas may lack pigment. A small but significant number of melanomas are undiagnosable 
clinically. A history of change may be the only clue to the correct diagnosis (Tables 1 and 2). 

Table 1. Suggested patient history. 

History Significance 

How long has the lesion been present? 
Newly acquired lesions that persist for longer than one or two months may 
indicate neoplasm, particularly if the patient is in an older age group 

Has a pigmented lesion changed in color 
or shape?  

Alteration in shape or color may point towards malignancy 

Has there been any bleeding? 
Some benign lesions bleed, e.g., pyogenic granuloma or seborrhoeic 
keratosis. Basal cell carcinomas may also bleed. In general, melanomas bleed 
only when well advanced, and in such cases the diagnosis is usually obvious 

Does the lesion itch? 

Benign naevi or irritated seborrhoeic keratosis may itch when irritated by 
clothing, etc. While early melanomas are usually asymptomatic, some 
melanoma may develop an abnormal sensation that patients often find 
difficult to accurately describe 

Is there a history of occupational sun 
exposure, or has the patient lived or 
worked in the tropics? 

Skin cancers in general are related to life-time sun exposure. Malignant 
melanomas may be related to a single severe episode of sunburn, particularly 
in childhood 

Is there a family history of skin cancer? 
This may indicate a genetic susceptibility, inherited skin type or condition 
such as dysplastic naevus syndrome 

Table 2. Characteristics of benign vs. malignant lesion. 

Characteristic Benign lesion Potentially malignant lesion 
Growth Not growing Growing 
bleeding absent present 
Number/location Many other similar lesions On sun exposed areas of the body 
shape Regular shape with smooth outline or line of symmetry No symmetry 
color Uniform pigmentation Variation in pigmentation within lesion 
occurrence Present for many years New lesion 
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In 2009, the number of new cases of melanoma in Australia was 11,545 and the mortality figures 
for melanomas in 2010 were 1,452 [5]. Survival at five years following newly diagnosed invasive 
melanoma (Clark’s level 2–5) has increased from 87% in the 1980s to over 92% in the late 1990s [6] 
in Australia. The five-year survival rate continues to remain over 90% in 2010 [5]. In the absence of 
any new significant chemotherapy in that period, the improvement in survival has been attributed to 
public education and early diagnosis and excision [5]. Scar re-excision, sentinel lymph node biopsy, 
elective lymph node dissection, chemotherapy, radiotherapy and immunotherapy may improve 
survival at one year but have not been shown to improve five-year survival [7]. Adjuvant therapy with 
interferon results in a significantly greater disease-free survival rate although it is also associated with 
significant toxicity [8]. 

Macroscopic locoregional lymph node metastasis reduces five-year survival to 43% [9]. Patients 
who had locoregional metastasis had a better survival rate than those with metastasis to viscera [10]. 
The median survival of patients with metastasis to lung was 12 months while the medial survival of 
other visceral sites was seven months. Nonvisceral sites had a median survival of 18 months [11]. 

Functional mutations in genes in the mitogen-activated protein (MAP) kinase pathway are 
commonly detected in melanoma and these mutations influence growth control [12]. Several agents 
based on molecular understanding of this pathway have been approved for stage IV disease and 
additional agents are currently being evaluated in clinical trials. Various combinations of these agents 
are also being evaluated for stage IV disease and the BRAF inhibitor, dabrafenib is currently being 
evaluated in the U.S. in Phase III clinical trials in combination with trametinib in the adjuvant 
treatment of melanoma after surgical resection (COMBI-AD trial [NCT01682083]). The availability of 
adjuvant treatment, even in a trial setting, would necessitate a review of the current management of 
high-risk primary melanoma, and in particular the role of sentinel lymph node biopsy.  

Sentinel node biopsy is a technique performed immediately before surgical re-excision of the scar. 
It involves lymphatic mapping by lymphoscintigraphy and intraoperative injection of radioisotope 
and/or blue dye to identify the lymph node immediately downstream from the primary tumor. Sentinel 
lymph node status is the most important prognostic factor for disease-specific survival of patients with 
melanoma greater than 1 mm in thickness [13]. Histological examination of the first (“sentinel”) lymph 
node(s) identified with this technique has been demonstrated to identify the presence or absence of 
metastatic cells in the entire lymph node basin. This procedure is considered the most sensitive and 
specific staging test for the detection of micrometastatic melanoma in regional lymph nodes.  

Identification of micrometastatic disease in the sentinel lymph node is often followed by completion 
lymph node dissection (CLND). The Multicentre Selective Lymphadenectomy Trial (MLST-I, 
[NCT00297895]) demonstrated an overall survival advantage (78.3%) in patients who received a 
CLND after SLN was identified; compared to patients who were observed after a wide excision 
(73.1%) [14]. This has subsequently led to the MSLT II trial, to evaluate ultrasound observation of the 
SLND positive basin with delayed CLND if a recurrence is detected compared to immediate CLND.  

Data suggests that there are no additional benefits to CLND in patients with micrometastasis of less 
than 1 mm [15]. SLN is widely accepted in the U.S. based on the prognostic value and possibly 
contribution to the overall survival advantage. The procedure has received limited support in Australia, 
although results from the MSLT II trial may resolve much of this hesitancy. 
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Adjuvant chemotherapy is becoming an alternative to completion lymph node dissection for 
patients with a micrometastasis in the sentinel node. We suggest that patients with invasive melanoma 
on excision biopsy are referred to a rapid-access specialist multidisciplinary clinic for clinical staging 
(including sentinel node biopsy where indicated) and simultaneous re-excision of the scar. 

2. Diagnosis of Melanoma and Benign Melanocytic Lesions  

Melanoma is a histological diagnosis. Pigmented or non-pigmented skin lesions clinically 
suspicious of melanoma require biopsy and histological examination. Complex histology and in 
particular, spindle-cell morphology may require immunohistochemical stains in addition to routine 
H&E examination. The histological interpretation of pigmented skin lesions is not always 
straightforward and dermatopathology has emerged as a subspecialty discipline within pathology. 

Benign melanocytic naevus is usually a clinical diagnosis. Good lighting is critical. If the physician 
is 100% confident of the diagnosis following visual inspection, then no further action is indicated. The 
one caveat to this is that a history of unstable morphology (change in size, shape or color) over several 
months would override the examination findings and is an indication for referral to a dermatologist or 
an excision biopsy.  

Where a diagnosis of benign naevus cannot be made with 100% certainty on visual inspection, and 
ipso facto cutaneous melanoma cannot be 100% excluded on clinical grounds, the patient should be 
referred to a dermatologist. Alternatively, the lesion could be excised and sent for a specialist 
pathologist opinion. Wherever possible, complete excision biopsy is preferred for diagnosis and 
formulation of a treatment plan. Complete excision of the suspicious lesion with a 2 mm lateral margin 
and down to fat is recommended. Only sample a lesion by punch or shave biopsy if complete excision 
is difficult (e.g., a large, facial pigmented lesion) because a biopsy may not be representative of the 
lesion as a whole, and it also alters the clinical appearance. Shallow shave biopsies should be avoided 
as prognosis hinges on full thickness tumor specimen. 

The initial excision of a suspicious pigmented lesion is a diagnostic procedure. It is done to exclude 
or confirm melanoma. Thus, a benign histology does not mean that the procedure was unnecessary. If 
histology proves the lesion to be a melanoma, then definitive wider surgical excision and assessment 
for sentinel node biopsy is needed. This should be explained to the patient before the initial excision.  

Full-body photography on a single occasion can be useful in identifying new moles in patients. It is 
a helpful memory aid for the doctor and assists patients when performing self-mole checks. It is 
normal for occasional new moles to appear in adults until middle age. About one-third of melanomas 
appear in a pre-existing mole so it is more common for them to arise than from skin that appears 
normal. Thus, the appearance of a new mole in an adult flags the possibility of melanoma. In general, 
full-body photography is most useful in patients with a high mole count (>100) who find  
self-examination difficult. Serial photography with or without serial dermoscopy of individual moles 
will identify early changes suggestive of melanoma, but is generally reserved for patients with multiple 
atypical naevi. 

A single photograph of a benign naevus is sometimes used to document and support the clinical 
decision not to biopsy that benign naevus. However, serial mole photography should not be used to 



Healthcare 2014, 2 5 
 

 

diagnose benign melanocytic naevi. In other words, if the physician cannot 100% exclude a diagnosis 
of melanoma on visual inspection the appropriate diagnostic test is a biopsy and not serial photography. 

3. Clinical Subtypes 

There are several types of melanoma. Superficial spreading melanoma is the most common type of 
melanoma, usually presenting as an irregularly pigmented macule. About 50% have functional 
mutations in BRAF gene and 15%–25% mutations in NRAS gene [16]. Melanomas with NRAS 
mutations are more likely to be thicker tumors and to have a higher mitotic rate [17]. In vitro, 
melanoma cells with NRAS mutations are dependent on NRAS for survival and proliferation [17]. 
This would make NRAS an attractive therapeutic target in melanoma and once developed, pending an 
acceptable safety profile, chemotherapy agents that target NRAS could potentially make an important 
contribution to the future treatment of melanoma. 

Nodular melanomas are aggressive tumors with an invasive growth pattern and can grow rapidly 
over weeks. They vary in color from black through to red and amelanotic, and frequently defy the 
ABCD rule. The mnemonic EFG standing for “elevated”, “firm” and “growing for more than one 
month” is more appropriate. They can be pedunculated. Often they are mistaken for a haemangioma or 
a pyogenic granuloma. About 50% have functional mutations in BRAF and 20% mutations in NRAS [18]. 

Acral lentiginous melanoma is the most common form of melanoma in the dark-skinned population. 
These are seen on the palms, soles or nail bed. Not all melanomas at these sites are of acral lentiginous 
type. Acral lentiginous melanomas commonly have functional mutation in the c-kit gene [18]. 

Lentigo maligna (Hutchinson’s melanotic freckle) is seen mostly on the face in sun-damaged 
elderly patients. They are a type of in situ melanoma with often a long delay before they become 
invasive. Patients will often be aware of these irregular, brown-to-black facial macules for many years. 
As such, they can be quite extensive at presentation even while still being restricted to the epidermis. 
Distinction from benign lentigo may be impossible without histology. Invasive melanoma or lentigo 
maligna melanoma (arising from a lentigo maligna) can sometimes complicate these lesions. Once this 
transition occurs it has the same behavior and prognosis as de novo invasive melanoma. Invasion can 
develop rapidly so excision is usually advised [19]. 

Desmoplastic melanoma is a rare and aggressive subtype of melanoma that usually comprises a 
superficial pigmented in situ melanoma overlying a poorly differentiated non-pigmented dermal 
spindle cell melanoma. 

Amelanotic melanoma is the most difficult to diagnose clinically. These may present as a pink 
nodule or patch on the skin. On dermoscopy, a pigment network may be visible in some areas, but 
many are completely without pigment.  

Ocular melanoma is rare and often diagnosed late [20]. Uveal melanoma is associated with 
functional mutations in the GNAQ/GNA11 genes [21,22]. These genes are not part of the ERK pathway.  

4. Treatment 

There are 9 steps in the management of invasive melanoma of the superficial spreading and nodular 
sub-types. Subungual, mucosal, desmoplastic, ocular and acral lentiginous melanoma variants require 
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management in a specialist center; further discussion of their management is beyond the scope of this 
article, as is the specific management of melanoma in situ. 

4.1. Step 1: Excision of Primary Tumor 

The majority of melanomas (70%) arise de novo in normal skin [23]. A smaller percentage (30%) 
arises within a pre-existing acquired naevus or a congenital naevus [23]. Prophylactic excision of 
acquired naevi is not recommended. Prophylactic excision of congenital naevi is considered for large 
naevi where a satisfactory cosmetic outcome is achievable. For large congenital naevi (>20 cm in 
diameter) including bathing-trunk naevi, an alternative to prophylactic excision is lifelong serial 
surveillance of the patient and serial excisional biopsy of suspicious nodules that may develop within 
the naevus. Excisional surgical biopsy with a lateral 2 mm margin of normal surrounding skin and a 
deep margin that includes the subcutis is recommended for all lesions suspected clinically of being 
melanoma. Where more than one lesion is excised, separate specimen bottles and accurate specimen 
labeling are essential. Shave biopsy is only acceptable when excisional biopsy is not feasible. Referral 
for specialist assessment is appropriate if the treating doctor is not comfortable performing the biopsy 
of a suspected melanoma. Punch biopsy risks sampling error when a melanoma arises within a benign 
naevus and is not generally recommended. Periodic clinical observation with or without photography 
is not recommended for suspected melanoma as it delays diagnosis. Baseline photography is useful in 
some patients with multiple naevi to identify new or changing moles that are suspicious of melanoma. 

Clinical suspicion is based on the history of a new or changing pigmented lesion or a new, 
enlarging non-pigmented nodule. Visual inspection of the lesion is the most valuable tool to identify 
lesions that require excisional biopsy to exclude melanoma and distinguish from benign skin lesions. 
Visual inspection is enhanced by illumination, magnification and polarised light or oil immersion to 
reduce surface reflection. Epiluminescence microscopy can help distinguish melanoma from benign 
naevus, seborrhoeic keratosis, haemangioma and other benign tumors. Dermoscopy requires specific 
training [24]. It is important to recognise that not all melanomas will have distinctive signs on visual 
inspection or dermoscopy. In addition, dermoscopy is not required for the diagnosis of most melanomas. 

Population screening accelerates melanoma diagnosis and improves patient survival. While feasible, 
the costs and potential savings of a universal screening program in Australia are not known. In the 
absence of this information, screening is currently limited to patients identified to be at higher risk of 
primary melanoma or to people who self-select for a skin check.  

High-risk patients that are usually advised to have regular screening include patients who have had 
one or more primary melanoma, patients with multiple non-melanoma skin cancer and some patients 
with multiple benign naevi. Many other at-risk patients, including those with a family history of 
melanoma, fair skin, red hair and freckles, also receive periodic screening. We developed informal 
guidelines on the appropriate frequency of skin checks for these people (Table 3). 
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Table 3. Assessment of skin cancer risk. At-risk patients are stratified by skin type, age 
and family history. A patient’s current risk level is determined by having at least one of the 
risk factors listed in the high, medium or low risk columns. For example, a patient may be 
considered high risk if they have a positive family history or if they have Type I skin and 
are over the age of 30. Risk levels can change with age and on detection of a melanoma or 
non-melanoma skin cancer and surveillance frequency should be adjusted accordingly. 

 High risk Medium risk Low risk 

Skin check frequency 
Annual full-body skin checks 
recommended 

One-off full-body skin check 
recommended with the frequency 
of re-examination required 
determined at initial skin check 

Patient self-examination 
recommended 

Type I skin with red hair age over 30 age 20–29 below age 20 
Type I skin without red hair age over 40 age 30–39 below age 20 
Type II skin age over 60 age 40–59 below age 40 
Type III skin - over 60 below age 60 
Type IV and V skin - - all ages 
Family history melanoma in first-degree relative NMSC in first-degree relative - 

Past history 
non-melanoma skin cancer (NMSC) 
or more than 20 solar keratosis 

solar keratosis, multiple 
episodes of sunburn 

- 

Definitions: Type 1 skin: burns, never tans; Type II skin: burns, occasionally tans; Type III skin: tans, 
occasionally burns; Type IV skin: tans, rarely burns; Type V skin: never burns. 

4.2. Step 2: Tumor Staging 

Histological staging should be provided by the pathologist in the form of a synoptic report. Clinical 
staging includes palpation of the regional lymph node basins and examination for hepatomegaly. 
Sentinel lymph node biopsy should be discussed with all patients following diagnosis for invasive 
melanoma greater than 1mm thick, Clark level 4 melanomas, melanomas with more than two mitoses 
per high-power field, ulcerated melanoma or melanomas with significant regression, and melanomas 
of unknown malignant potential. Lymph node micrometastasis are genotyped, usually in the context of 
clinical studies, to determine whether it has acquired a BRAF (V600E) mutation. Mutation testing is 
usually confined to stage III clinical trials. As the results of clinical trials become available and the 
range of chemotherapeutic agents available to patients increase, these recommendations are likely to 
be modified further. In remote and regional centers, where patients may not have access to clinical 
trials or multidisciplinary care, the staging recommendations will vary. Additional baseline staging for 
node-positive patients may include an FBC, liver and renal function tests. A bone scan, CT scan, MRI 
or PET scan may also be required if the patient is to be enrolled in a clinical research trial. In the U.S. a 
full body CT and a MRI brain scan may be performed in the case of resected node positive prior to 
adjuvant treatment, however the advantage of using both imaging modalities concurrently is unknown. 
In Australia, there are no guidelines on the need for or frequency of repeat staging investigations in the 
absence of specific symptoms that suggest the presence of metastasis. In the United States (U.S.) the 
National Comprehensive Cancer Network (NCCN) guidelines delineates frequency of imaging that 
should be used [25]. There is limited evidence on whether the guidelines have resulted in early resection 
of stage IV cancer. The recommended staging nomenclature is the AJCC system (Table 4) [26].  
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Table 4. Final version of 2009 AJCC melanoma staging and classification. TNM staging 
categories for cutaneous melanoma. 

Classification Thickness (mm) Ulceration status/mitoses 
T   
Tis NA NA 
T1 ≤1.00 a: Without ulceration and mitosis <1/mm2 

  b: With ulceration or mitoses ≥1/mm2 
T2 1.01–2.00 a: Without ulceration 
  b: With ulceration 
T3 2.01–4.00 a: Without ulceration 
  b: With ulceration 
T4 >4.00 a: Without ulceration 
  b: With ulceration 

 
 No. of metastatic nodes Nodal metastatic burden 
N   
N0 0 NA 
N1 1 a: Micrometastasis * 
  b: Micrometastasis † 
N2 2–3 a: Micrometastasis * 
  b: Micrometastasis † 
  c: In transit metastases/satellites without metastatic nodes 

N3 
4+ metastatic nodes, or matted nodes, or in transit 
metastases/satellites with metastatic nodes 

 

 
 Site Serum LDH 
M   
M0 No distant metastases NA 
M1a Distant skin, subcutaneous, or nodal metastases Normal 
M1b Lung metastases Normal 
M1c All other visceral metastases Normal 
 Any distant metastasis Elevated 

 
 Clinical stage grouping Pathological stage grouping 
 T N M T N M 
O Tis N0 M0 Tis N0 M0 
IA T1a N0 M0 T1a N0 M0 
IB T1bT2a N0N0 M0M0 T1bT2b N0N0 M0M0 
IIA T2bT3a N0N0 M0M0 T2bT3a N0N0 M0M0 
IIB T3bT4a N0N0 M0M0 T3bT4a N0N0 M0M0 
IIC T4b N0 M0 T4b N0 M0 
III Any T Any T Any T N1N2N3 M0M0M0    
IIIA    T1-4aT1-4a N1aN2a M0M0 
IIIB    T1-4bT1-4bT1-4aT1-4aT1-4a/b N1aN2aN1bN2bN2c M0M0M0M0M0 
IIIC    T1-4bT1-4bAny T N1bN2bN3 M0M0M0 
IV Any T Any N M1 Any T Any N M1 

NA = not applicable; LDH = lactate dehydrogenase; * Micrometastasis is diagnosed after sentinel lymph node 
biopsy; † Micrometastasis is defined as clinically detectable nodal metastases confirmed pathologically. 
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4.3. Step 3: Re-Excise with a Margin 

In order to ensure complete removal of the primary melanoma, it is recommended that the scar 
following excision of an in situ melanoma (including Hutchinson’s melanotic macule) be re-excised 
with a minimum margin of 5 mm [27]. Where this is not possible, adjuvant radiotherapy can be 
considered. The scar following removal of an invasive melanoma should be re-excised with a margin 
of between 1 and 2 cm, with the choice of excision margin determined primarily by the Breslow tumor 
thickness in millimeters (see Table 5 below). 

Table 5. Guidelines for excision margins for melanoma *. 

• melanoma in situ (restricted to epidermis)—margin 5 mm 
• melanoma <1.0 mm thick—margin 1 cm  
• melanoma 1.0–4.0 mm thick—minimum margin 1 cm and maximum 2 cm 
• melanoma >4 mm thick—minimum margin 2 cm 

* Recommended excision margins are under constant review. 

Wider excision has been demonstrated to reduce the risk of local persistence/recurrence of the 
tumor and local metastasis but there is no evidence that a margin greater than 1 cm offers additional 
benefit in terms of patient survival. 

4.4. Step 4: Adjuvant Surgery 

While some uncertainty remains about specific subsets of melanoma patients, therapeutic elective 
lymph node resection is generally not recommended as adjuvant surgical treatment. This is because 
there is no evidence to suggest a survival advantage and there is significant potential surgical 
morbidity, including postoperative lymphoedema. 

Identification of suspicious lymph nodes on clinical examination should be followed by fine-needle 
aspiration and ultrasound imaging, MRI or PET. If nodal metastasis is confirmed histologically, 
immediate complete regional lymph node dissection is recommended. Cure rates in the order of 30% 
may be achieved with completion lymphadenectomy for palpable disease.  

Completion lymph node dissection (CLND) following identification of micrometastasis on sentinel 
lymph node (SLN) biopsy is more controversial as the proportion of lymph node micrometastasis that 
progresses to symptomatic disease is not known. It has been suggested that early detection of occult 
nodal disease provides greater regional control [14]. Patients who have completion lymph node 
dissection for micrometastatic disease develop fewer postoperative complications compared with 
patients who undergo therapeutic lymph node dissection for clinically palpable disease. As discussed 
above the MSLT-I trial comparing completion lymph node dissection with observation revealed an 
increase in overall survival in patients who received CLND after detection of positive SLN. This has 
prompted a further trial (MSLT-II ) to evaluate the benefits of delayed CLND with immediate CLND [14]. 

Previous re-excision of the scar may decrease the efficacy of sentinel node biopsy because it 
interferes with the lymphatic drainage of the site. Almost all patients with a high-risk invasive 
melanoma who are considering participating in an adjuvant therapy clinical trial subsequent to re-excision 
of the scar will require CLND for staging. Elective lymph node dissection should not be considered 
appropriate surgery with the exception of biopsy proven nodal disease. 
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Up to 5% of patients with melanoma in lymph nodes or systemic metastasis have an occult primary 
melanoma. These patients should be referred for complete skin examination, including examination 
with a Wood’s lamp to identify regressed melanoma. Referral for ophthalmological examination can 
also be considered. The ability to detect the primary melanoma does not influence the management of 
the metastatic disease.  

4.5. Step 5: Adjuvant Chemotherapy and Radiotherapy 

4.5.1. Stage 0-IIA Disease 

Standard treatment options for Stage 0-IIA disease are limited to surgical resection with lymphatic 
mapping and appropriate lymph node dissection as described above. In current literature, the use of 
adjuvant chemotherapy has not been shown to impact survival.  

4.5.2. Stage IIB-III Disease 

Interferon alpha-2b 

Interferons (IFN) are potent immunomodulators that are commonly used in malignancies due to 
various antiangiogenic, anti-proliferative and pro-apoptotic proprieties [28,29]. Of these, high-dose 
interferon alpha 2b (IFN-a2b) has been the most widely evaluated for the use in the treatment of 
melanoma. The use of high-dose IFN-a2b has been approved in an adjuvant setting for patients with 
surgically resected melanoma with regional lymph node metastasis (Stage IIB to III disease).  

The initial trials by the Eastern Cooperative Oncology Group [30,31] produced robust results. On 
pooled analysis, an improvement in recurrence free survival was identified in patients with Stage IIB 
and III melanoma following the use of high-dose IFN-a2b. Subsequent comprehensive meta-analyses 
have illustrated the positive effects of IFN-a2b in high-risk melanoma patients. Wheatley et al. 
estimated increasing recurrence free survival benefits in patients treated with increasing IFN doses 
when compared to observation groups. In this initial review, the effect on overall survival remained 
less significant [32]. More recently, a Cochrane review of the use of IFN alpha in melanoma estimated 
significant reductions in the risk of recurrence (HR 0.82; 95% CI; 0.77–0.87, p < 0.001) and overall 
death (HR 0.82; 95% CI; 0.83–0.96; p = 0.002) [33]. 

Pegylated Interferfon alpha-2b is a form of immunotherapy characterized by a longer half-life with 
a postulated improvement in toxicity incidence. The European Organization for Research and 
Treatment of Cancer trial (EORTC) assessed the use of pegylated IFN in melanoma. The results from 
EORTC illustrated a benefit in recurrence free survival and no change in overall survival [34]. This 
method of treatment was approved in 2011 by the FDA for treatment of melanoma with microscopic or 
gross nodal involvement based on these findings. 

These benefits must be balanced against considerable, but rapidly reversible, toxicity. Patients often 
develop significant constitutional symptoms such as severe fatigue and occasionally depression, as 
well as abnormal liver function tests, thyroid dysfunction and neutropenia. 
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4.5.3. Stage IV Disease 

Patients with systemic metastases require multidisciplinary specialist care and palliative care health 
professionals may play an integral role in the management of such disease. Surgical resection should 
be considered for oligometastatic melanoma in the brain, lung, liver or peritoneal cavity. Stereotactic 
radiotherapy has a demonstrated role for oligometastatic cerebral metastases, which are not suitable for 
resection. Radiotherapy is often recommended for palliation of cerebral, bone or soft tissue metastases. 
Isolated limb perfusion, radiotherapy or topical immunotherapy may be used to control in transit 
cutaneous metastases [35]. 

With respect to the use of chemotherapeutic agents in Stage IV disease, cytotoxic therapies have 
long been held as the standard of treatment, although with limited success as discussed below. Over 
the recent period, new systemic therapeutic agents have been shown to improve on results obtained by 
the previous cytotoxic agents. Such agents include BRAF and MEK inhibitors. Utilizing these agents, 
various single agent regimens with trametinib, and MEK and BRAF inhibitors have resulted in 
significant short-term survival advantage. An initial response is almost universal, but frequently  
short-lived. Tumor resistance to these agents is generally not reversed by substitution with a different 
single agent, but this may still be considered.  

The best response is seen in combination therapy with a BRAF inhibitor and a MEK inhibitor and 
in particular when dual therapy is used at the outset. Durable responses can be seen with ipilimumab 
which extend beyond 4 years 

4.5.3.1. Checkpoint Inhibitors 

Ipilimumab is a fully human IgG1 monoclonal antibody that blocks the T cell surface protein 
CTLA-4 that has immunoregulatory functions [36]. A durable response can be seen with ipilimumab, 
more so that what targeted therapy has produced [37]. Clinical trials using ipilumimab [NCT00636168] 
in advanced melanoma have demonstrated an improved 1 and 4 year survival [38,39]. Despite the 
significant improvement in prognosis, the use of Ipilimumab is characterised by significant toxicity 
including rash, colitis and hepatitis. Ipilimumab was approved in March 2011, by the FDA, for 
metastatic melanoma [40]. 

Nivolumab is an antibody against the programmed cell death receptor (PD-1) that has also been 
shown to induce melanoma regression [41]. A 2 year survival rate of 43% was seen in one study [42]. 
When used concurrently in combination with Ipilumimab, the response rate was 40% [43]. One third 
of patients had rapid and deep tumor regression [43]. Further clinical trials are still in progress 
[NCT01927419]. 

4.5.3.2. BRAF and MEK Inhibitors 

Various inhibitors of BRAF kinase and MAP kinase block oncogenic signal transduction pathways. 
These agents are only efficacious in malignancies with reported BRAF mutation in the V600 position [44], 
present in 50% of superficial spreading melanoma and nodular melanoma [45]. The BRAF inhibitors 
have a unique toxicity profile including arthritis, photosensitivity, dermatitis, keratosis pilaris, 
hyperkeratotic palms and soles and the development of non-melanoma skin cancer [46,47]. SCC and 
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keratoacanthoma may develop in 10%–25% of people treated with a median time to development of 
nine weeks [48,49]. 

Vemurafenib is an inhibitor of the oncogenic BRAF kinase [50]. It received approval by the FDA in 
the U.S. for metastatic melanoma in August 2011. The overall response rate is 53%, though most 
tumors shrink to some extent, and the median duration of response is 6.7 months [44]. In most patients, 
the melanoma relapses as a result of the development of alternate oncogenic pathways. There is a 
rationale that combination chemotherapy with ipilimumab or IL-2 may delay loss of response and 
relapse [51]. Phase I clinical trials combining vemurafenib and ipilimumab [NCT01400451] revealed 
hepatotoxicity [52]. Further studies examining combined targeted therapies and immunotherapy 
treatments are currently underway [53]. 

Dabrafenib is another BRAF inhibitor that when used as monotherapy has a similar benefit to 
vemurafenib [54]. Recent phase III trials [NCT01227889] suggest a significantly improved 
progression free survival when compared to conventional cytotoxic chemotherapeutic agents [55].  

Various other MEK and BRAF inhibitors are currently in trial for systemic use in stage IV 
melanoma, such as Trametinib [NCT01245062] [56] and Selumetinib [NCT01116271] [57]. 

4.5.3.3. Cytotoxic Chemotherapy 

The standard therapy for advanced disease up until recently has been dacarbazine. Its overall partial 
response rate is in the order of 10% with a no proven impact on survival [58]. Temozolomide is an oral 
analog of dacarbazine with similar efficacy, however it more readily crosses the blood-brain barrier 
and has activity against brain metastases [59]. Fotemustine has demonstrated higher response rates 
than dacarbazine but with no improvement in overall survival, although like temozolomide appears to 
be active against brain metastases [60]. 

4.5.3.4. Combination Targeted Therapies  

Various combinations of targeted systemic therapies are currently subject to phase II clinical trials 
in the U.S. as adjuvant therapy for high-risk melanoma [57]. Combination therapy using a BRAF 
inhibitor with the MEK inhibitor appears to increase efficacy [61]. The proposed benefit is based on 
theories of prevention the development of MAPK-dependant resistance mechanisms and by reducing 
BRAF-inhibitor related toxicities in the nonmelanoma BRAF wild-types as discussed above [53,57]. 

Phase II trials in metastatic melanoma assessing the addition of a second MEK/BRAF inhibitor 
have produced showed a significant improvement is response rate and progression free survival when 
compared to monotherapy [61]. The importance of simultaneous rather than sequential therapy is 
highlighted by the finding that response rates to trametinib are greater in treatment naïve patients and 
lower in people who have had prior treatment with a BRAF inhibitor [62]. 

Phase III studies combining trametinib and dabrafenib in the adjuvant treatment of stage IIIC or 
stage IV melamona currently are recruiting patients [NCT01584648 and NCT01597908]. Sentinel 
lymph node biopsy should now be discussed with all patients with a high-risk invasive melanoma. 
Where possible, patients with primary invasive melanoma should be given the option of early review 
(ideally within two weeks) in a specialist multidisciplinary clinic where assessment for sentinel node 
biopsy, surgical re-excision of the scar and genotyping of any lymph node melanoma can be performed. 
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4.6. Step 6: Adjuvant Radiotherapy  

While primary radiotherapy is occasionally used for unresectable lentigo maligna or invasive 
melanoma, it is more commonly used as adjuvant radiotherapy for cutaneous melanoma likely to recur 
locally. Radiotherapy is not advised for local control of inadequately excised tumors—instead every 
effort should be made to achieve good margins. 

Adjuvant radiotherapy is also used to prevent recurrence following regional lymph node resection. 
Common indications include more than three nodes with metastasis, a large tumor mass in a single 
node, or extracapsular spread. There is no data to suggest that adjuvant radiotherapy improves overall 
survival [63]. Radiation can reduce relapse free survival, but in some cases it results in lowered quality 
of life due to lymphedema [64]. Significant consideration should be given to the lymphedma risk when 
planning for adjuvant radiation, and the anticipated benefit in reducing relapse in the locoregional area 
should outweigh the projected lymphedema risk. 

4.7. Step 7: Follow-Up Examination for Metastasis and Subsequent Primary Melanoma 

All patients diagnosed with invasive melanoma require periodic follow-up that includes 
examination and palpation for local recurrence, in transit metastasis, lymph node metastasis and 
hepatomegaly. Additional examination and investigation should be guided by reported symptoms.  

For the 90% of Australians [65] who survive melanoma, there is a nine-fold increased risk of 
developing a subsequent primary melanoma [66]. This risk is also influenced by other risk factors 
including family history, skin type, hair color and the presence of significant solar skin damage 
including non-melanoma skin cancer. It is recommended that all melanoma patients, including those 
with in situ melanoma, have a complete skin check at least once a year for life following the diagnosis  
of melanoma.  

As there is a familial tendency to melanoma, all first-degree relatives of a patient diagnosed with 
melanoma should be encouraged to go for a full skin examination to identify a previously unsuspected 
melanoma and to assess risk of future development of melanoma. Relatives assessed to be at high risk 
should be offered a surveillance program.  

4.8. Step 8: Lifestyle Modifications to Reduce Risk of Metastasis and Subsequent Primary Melanoma 

Melanoma in a pregnant woman should be treated no differently to melanoma in a non-pregnant 
woman. Termination of a pregnancy may be considered if there is a pressing need to start radiotherapy 
or chemotherapy with traditional agents that will harm the fetus. HRT or oral contraceptives are not 
contraindicated in women who have had a melanoma. It is common to advise women to avoid 
pregnancy for two years after apparent successful treatment of a high-risk melanoma during pregnancy, in 
accordance with the risk of metastatic recurrence. 

While melanoma is popularly attributed to UV-B radiation, the actual UV action spectrum that 
causes melanoma is unknown. A number of animal models recently identified UV-A as important in 
melanoma induction [66]. In view of this as well as the systemic immunosuppression associated with 
UV-A exposure, it is prudent to recommend melanoma patients avoid solaria (that predominantly emit 
UV-A) and take precautions to minimise solar UV exposure. The “Slip, Slop, Slap” message (i.e., slip 
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on a shirt, slop on some sunscreen and slap on a hat) should be reinforced to all melanoma patients. 
Some patients may require serial serum vitamin D estimation and oral vitamin D replacement if 
deficient. Sunscreens generally block UV-B better than UV-A but recent changes in sunscreen 
standards should result in better UV-A blockage. 

When first-degree relatives of the melanoma patient attend for their skin check, they should also 
receive advice regarding both primary and secondary prevention of melanoma. In particular, they 
should be advised to avoid solaria and take precautions to minimise solar UV exposure by employing 
the Slip, Slop, Slap technique. Furthermore, they should be educated on the importance of an early 
detection of melanoma and advised to seek medical assistance immediately should they suspect the 
development of a melanoma. 

There is a growing body of evidence that the patients with melanoma are also susceptible to other 
malignancies. While the risk of other solar-induced skin cancers is obvious, the relative risk associated 
with various internal malignancies is less obvious. 

These risks should be assessed in conjunction with any family history of internal malignancy, 
smoking and other cancer risk factors to determine whether any additional screening is appropriate. 

4.9. Step 9: Counseling 

Patients with invasive melanoma and their families will have complex social, psychological and 
financial issues. Life insurance and income protection insurance may be declined even for people with 
thin melanomas. The nature and intensity of these issues will vary from person to person and with 
disease severity. Psychologists with experience in palliative care should be involved when the patients’ 
needs and those of the family can no longer be met by the treating physician. 

In our clinic, all patients are encouraged to make contact with a psychologist soon after diagnosis to 
establish a relationship should help be required subsequently. Many patients with ordinary curable 
melanoma benefit from this service 

5. Conclusions 

Excluding non-melanoma skin cancer, melanoma is now the third most common cancer in 
Australia. Up until 2010, the gradual reduction in mortality has occurred as a direct result of improved 
rates of early diagnosis without concomitant improvement in the survival of advanced disease.  

Systemic therapy for stage IV melanoma that is BRAF (V600E) mutation positive is rapidly 
emerging and combination therapy with a BRAF and MEK inhibitor show particular promise 
[NCT01584648] with the median progression free survival reported as 9.4 months in patients with 
combination therapy compared to 5.8 months in those receiving dabrafenib monotherapy [61]. 
Unfortunately these agents are not suitable for BRAF-negative tumors, are not curative and most 
patients ultimately relapse and die. For BRAF positive or negative tumors anti CTLA-4 and anti-PD-1 
antibodies show promise. The role of these agents as adjuvant therapy to improve survival for high-risk 
melanoma patients is potentially of even greater significance and is currently being investigated. 

These agents are expensive and consideration of enrolment of patients in appropriate clinical trials 
remains a high priority. 
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In order for melanoma patients to be eligible to participate in clinical trials, patients diagnosed with 
invasive melanoma should be referred to a specialist multidisciplinary clinic for staging, consideration 
of surgical re-excision of the scar, options regarding adjuvant therapy and consideration of appropriate 
therapy for metastatic disease. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Gandini, S.; Sera, F.; Cattaruzza, M.S.; Pasquini, P.; Zanetti, R.; Masini, C.; Boyle, P.; Melchi, 
C.F. Meta-analysis of risk factors for cutaneous melanoma: III. Family history, actinic damage 
and phenotypic factors. Eur. J. Cancer 2005, 41, 2040–2059.  

2. Gandini, S.; Sera, F.; Cattaruzza, M.S.; Pasquini, P.; Picconi, O.; Boyle, P.; Melchi, C.F.  
Meta-analysis of risk factors for cutaneous melanoma: II. Sun exposure. Eur. J. Cancer 2005, 41, 
45–60. 

3. Gandini, S.; Sera, F.; Cattaruzza, M.S.; Pasquini, P.; Abeni, D.; Boyle, P.; Melchi, C.F.  
Meta-analysis of risk factors for cutaneous melanoma: I. Common and atypical naevi. Eur. J. 
Cancer 2005, 41, 28–44. 

4. Bataille, V. Early detection of melanoma improves survival. Practitioner 2009, 253, 29–32. 
5. Australian Institute of Health and Welfare. Cancer in Australia: An Overview 2012; AIHW: 

Canberra, Australia, 2012. 
6. Australian Bureau of Statistics. Mortality and Morbidity: Cancer Trends. ABS: Canberra, 

Australia, 2004.  
7. Shah, G.D.; Chapman, P.B. Adjuvant therapy of melanoma. Cancer J. 2007, 13, 217–222. 
8. Creagan, E.T.; Dalton, R.J.; Ahmann, D.L.; Jung, S.H.; Morton, R.F.; Langdon, R.M., Jr.; Kugler, J.; 

Rodrigue, L.J. Randomized, surgical adjuvant clinical trial of recombinant interferon alfa-2a in 
selected patients with malignant melanoma. J. Clin. Oncol. 1995, 13, 2776–2783. 

9. White, R.R.; Stanley, W.E.; Johnson, J.L.; Tyler, D.S.; Seigler, H.F. Long-term survival in 2,505 
patients with melanoma with regional lymph node metastasis. Ann. Surg. 2002, 235, 879–887. 

10. Balch, C.M.; Soong, S.J.; Gershenwald, J.E.; Thompson, J.F.; Reintgen, D.S.; Cascinelli, N.; 
Urist, M.; McMasters, K.M.; Ross, M.I.; Kirkwood, J.M.; et al. Prognostic factors analysis of 
17,600 melanoma patients: Validation of the American Joint Committee on Cancer melanoma 
staging system. J. Clin. Oncol. 2001, 19, 3622–3634. 

11. Tas, F. Metastatic behavior in melanoma: Timing, pattern, survival, and influencing factors.  
J. Oncol. 2012, 2012, e647684. 

12. Stark, M.S.; Woods, S.L.; Gartside, M.G.; Bonazzi, V.F.; Dutton-Regester, K.; Aoude, L.G.; 
Chow, D.; Sereduk, C.; Niemi, N.M.; Tang, N.; et al. Frequent somatic mutations in MAP3K5 
and MAP3K9 in metastatic melanoma identified by exome sequencing. Nat. Genet. 2012, 44, 
165–169. 



Healthcare 2014, 2 16 
 

 

13. Wagner, J.D.; Ranieri, J.; Evdokimow, D.Z.; Logan, T.; Chuang, T.Y.; Johnson, C.S.; Jung, S.H.; 
Wenck, S.; Coleman, J.J. Patterns of initial recurrence and prognosis after sentinel lymph node 
biopsy and selective lymphadenectomy for melanoma. Plast Reconstr. Surg. 2003, 112, 486–497.  

14. Morton, D.L.; Thompson, J.F.; Cochran, A.J.; Mozzillo, N.; Elashoff, R.; Essner, R.; Nieweg, O.E.; 
Roses, D.; Hoekstra, H.; Karakousis, C.; et al. Sentinel-node biopsy or nodal observation in 
melanoma. N. Engl. J. Med. 2006, 355, 1307–1317. 

15. Satzger, I.; Volker, B.; Meier, A.; Schenck, F.; Kapp, A.; Gutzmer, R. Prognostic significance of 
isolated HMB45 or Melan A positive cells in Melanoma sentinel lymph nodes. Am. J. Surg. Path. 
2007, 31, 1175–1180. 

16. Davies, M.A.; Samuels, Y. Analysis of the genome to personalize therapy for melanoma. 
Oncogene 2010, 29, 5545–5555. 

17. Kelleher, F.C.; McArthur, G.A. Targeting NRAS in melanoma. Cancer J. 2012, 18, 132–136. 
18. Flaherty, K.T.; Hodi, F.S.; Fisher, D.E. From genes to drugs: Targeted strategies for melanoma. 

Nat. Rev. Cancer 2012, 12, 349–361. 
19. Michalik, E.E.; Fitzpatrick, T.B.; Sober, A.J. Rapid progression of lentigo maligna to deeply 

invasive lentigo maligna melanoma. Report of two cases. Arch. Dermatol. 1983, 119, 831–835. 
20. Char, D.H. Ocular melanoma. Surg. Clin. N. Am. 2003, 83, 253–274. 
21. Van Raamsdonk, C.D.; Bezrookove, V.; Green, G.; Bauer, J.; Gaugler, L.; O’Brien, J.M.; 

Simpson, E.M.; Barsh, G.S.; Bastian, B.C. Frequent somatic mutations of GNAQ in uveal 
melanoma and blue naevi. Nature 2009, 457, 599–602. 

22. Van Raamsdonk, C.D.; Griewank, K.G.; Crosby, M.B.; Garrido, M.C.; Vemula, S.; Wiesner, T.; 
Obenauf, A.C.; Wackernagel, W.; Green, G.; Bouvier, N.; et al. Mutations in GNA11 in uveal 
melanoma. N. Engl. J. Med. 2010, 363, 2191–2199. 

23. Longo, C.; Rito, C.; Beretti, F.; Cesinaro, A.M.; Pineiro-Maceira, J.; Seidenari, S.; Pellacani, G. 
De novo melanoma and melanoma arising from pre-existing nevus: In vivo morphologic 
differences as evaluated by confocal microscopy. J. Am. Acad. Dermatol. 2011, 65, 604–614. 

24. Soyer, H.P.; Argenziano, G.; Hofmann-Wellenhof, R.; Zalaudek, I. Dermoscopy: The Essentials, 
2nd ed.; Elsevier: London, UK, 2011.  

25. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology: 
Melanoma. V2.2009; NCCN: Fort Washington, PA, USA, 2008. 

26. Balch, C.M.; Gershenwald, J.E.; Soong, S.J.; Thompson, J.F.; Atkins, M.B.; Byrd, D.R.; Buzaid, 
A.C.; Cochran, A.J.; Coit, D.G.; Ding, S.; et al. Final version of 2009 AJCC melanoma staging 
and classification. J. Clin. Oncol. 2009, 27, 6199–6206. 

27. Australian Cancer Network. Clinical Practice Guidelines for the Management of Melanoma in 
Australia and New Zealand; Cancer Council Australia and Australian Cancer Network and New 
Zealand Guidelines Group: Sydney, Australia, Wellington, New Zealand, 2008. 

28. Kirkwood, J.M.; Richards, T.; Zarour, H.M.; Sosman, J.; Ernstoff, M.; Whiteside, T.L.; Ibrahim, J.; 
Blum, R.; Wieand, S.; Mascari, R. Immunomodulatory effects of high-dose and low-dose 
interferon alpha2b in patients with high-risk resected melanoma: The E2690 laboratory corollary 
of intergroup adjuvant trial E1690. Cancer 2002, 95, 1101–1112. 

29. Tarhini, A.A.; Gogas, H.; Kirkwood, J.M. IFN-α in the treatment of melanoma. J. Immunol. 2012, 
189, 3789–3793. 



Healthcare 2014, 2 17 
 

 

30. Kirkwood, J.M.; Strawderman, M.H.; Ernstoff, M.S.; Smith, T.J.; Borden, E.C.; Blum, R.H. 
Interferon alfa-2b adjuvant therapy of high-risk resected cutaneous melanoma: The Eastern 
Cooperative Oncology Group Trial EST 1684. J. Clin. Oncol. 1996, 14, 7–17. 

31. Kirkwood, J.M.; Manola, J.; Ibrahim, J.; Sondak, V.; Ernstoff, M.S.; Rao, U. A pooled analysis of 
eastern cooperative oncology group and intergroup trials of adjuvant high-dose interferon for 
melanoma. Clin. Cancer Res. 2004, 10, 1670–1677. 

32. Wheatley, K.; Ives, N.; Hancock, B.; Gore, M.; Eggermont, A.; Suciu, S. Does adjuvant 
interferon-alpha for high-risk melanoma provide a worthwhile benefit? A meta-analysis of the 
randomised trials. Cancer Treat. Rev. 2003, 29, 241–252. 

33. Mocellin, S.; Lens, M.B.; Pasquali, S.; Pilati, P.; Chiarion Sileni, V. Interferon alpha for the 
adjuvant treatment of cutaneous melanoma. Cochrane Database Syst. Rev. 2013, 
doi:10.1002/14651858.CD008955.pub2. 

34. Di Trolio, R.; Simeone, E.; di Lorenzo, G.; Grimaldi, A.M.; Romano, A.; Ayala, F.; Caracò, C.; 
Mozzillo, N.; Ascierto, P.A. Update on PEG-interferon α-2b as adjuvant therapy in melanoma. 
Anticancer Res. 2012, 32, 3901–3909. 

35. Lens, M.B.; Dawes, M. Isolated limb perfusion with melphalan in the treatment of malignant 
melanoma of the extremities: A systematic review of randomised controlled trials. Lancet Oncol. 
2003, 4, 359–364.  

36. Hodi, F.S.; O’Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; 
Robert, C.; Shadendorf, D.; Hassel, J.; et al. Improved survival with ipilimumab in patients with 
metastatic melanoma. N. Engl. J. Med. 2010, 363, 711–723. 

37. Pennock, G.K.; Waterfield, W.; Wolchock, J.D. Patient responses to ipilimumab, a novel 
immunopotentiator for metastatic melanoma: How different are these from conventional treatment 
responses? Am. J. Clin. Oncol. 2012, 35, 606–611. 

38. Wolchok, J.D.; Weber, J.S.; Maio, M.; Neyns, B.; Harmankaya, K.; Chin, K.; Cykowski, L.;  
de Pril, V.; Humphrey, R.; Lebbe, C. Four-year survival rates for patients with metastatic 
melanoma who received implimumab in phase II clinical trials. Ann. Oncol. 2013, 24, 2174–2180. 

39. Robert, C.; Thomas, L.; Bondarenko, I.; O’Day, S.; Weber, J.; Garbe, C.; Lebbe, C.; Baurain, J.F.; 
Testori, A.; Grob, J.J.; et al. Ipilimumab plus dacarbazine for previously untreated metastatic 
melanoma. N. Engl. J. Med. 2011, 364, 2517–2526. 

40. US Food and Drug Administration. FDA News Release. U.S. Department of Health and Human 
Services; 2011. Available online: www.fda.gov/ (accessed on 22 October 2013). 

41. Wolchok, J.D.; Kluger, H.; Callahan, M.K.; Postow, M.A.; Rizvi, N.A.; Lesokhin, A.M.; Segal, N.; 
Ariyan, C.; Gordon, R.; Reed, K.; et al. Nivolumab plus ipilimumab in advanced melanoma. N. 
Engl. J. Med. 2013, 369, 122–133. 

42. Sznol, M.; Kluder, H.; Hodi, S.; McDermott, D.; Carvajal, R.; Lawrence, D.P.; Topalian, S.; 
Atkins, M.; Powderly, J.; Sharfman, W.; et al. Survival and Long-Term Follow-up of Safety and 
Response in Patients (pts) with Advanced Melanoma (MEL) in a Phase I Trial of Nivolumab 
(anti-PD-1; BMS-936558;ONO-4538). In Proceedings of 2013 ASCO Annual Meeting, Chicago, IL, 
USA, 31 May–4 June 2013. 



Healthcare 2014, 2 18 
 

 

43. Wolchok, J.D.; Kluger, H.; Callahan, M.K.; Postow, M.A.; Gordon, R.; Segal, N.H.; Lesokhin, A.M.; 
Reed, K.; Burke, M.; Caldwell, A.; et al. Clinical Activity and Safety of Nivolumab(anti-PD-1, 
BMS-936558, ONO-4538) Incombination with Ipilimumab in Patients with Advanced Melanoma. 
In Proceedings of 2013 ASCO Annual Meeting, Chicago, IL, USA, 31 May–4 June 2013.  

44. Sosman, J.A.; Kim, K.B.; Schuchter, L.; Gonzalez, R.; Pavlick, A.C.; Weber, J.S.; McArthur, G.; 
Hutson, T.; Moschos, S.; Flaherty, K.; et al. Survival in BRAF V600-mutant advanced melanoma 
treated with vemurafenib. N. Engl. J. Med. 2012, 366, 707–714. 

45. Das, T.M.; Salangsang, F.; Landman, A.S.; Sellers, W.R.; Pryer, N.K.; Levesque, M.P.; Dummer, R.; 
McMahon, M.; Stuart, D. Modelling vemurafenib resistance in melanoma reveals a strategy to 
forestall drug resistance. Nature 2013, 494, 251–255. 

46. Huang, V.; Hepper, D.; Anadkat, M.; Cornelius, L. Cutaneous toxic effects associated with 
emurafenib and inhibition of the BRAF pathway. Arch. Dermatol. 2012, 148, 628–633. 

47. Chu, E.Y.; Wanat, K.A.; Miller, C.J.; Amaravadi, R.K.; Fecher, L.A.; Brose, M.S.; McGettigan, S.; 
Giles, L.R.; Schuchter, L.M.; Seykora, J.T.; et al. Diverse cutaneous side effects associated with 
BRAF inhibitor therapy: A clinicopathologic study. J. Am. Acad. Dermatol. 2012, 67, 1265–1272. 

48. Falchook, G.S.; Trent, J.C.; Heinrich, M.C.; Beadling, C.; Patterson, J.; Bastida, C.C.; Blackman, 
S.C.; Kurzrock, R. BRAF mutant gastrointestinal stromal tumor: First report of regression with 
BRAF inhibitor dabrafenib (GSK2118436) and whole exomic sequencing for analysis of acquired 
resistance. Oncotarget 2013, 4, 310–315. 

49. GlaxoSmithKline. Two New GSK Oral Oncology Treatmens, BRAF-Inhibitor Tafinlar (Dabrafenib) 
Capsules and the First MEK-Inhibitor Mekinist (Trametinib) Tablets, Approved by FDA as 
Single-Agent Therapies. Available online: http://us.gsk.com/html/media-news/pressreleases/2013/ 
2013-pressrelease-1350998.htm/ (accessed on 22 October 2013). 

50. Patrawala, S.; Puzanov, I. Vemurafenib (RG67204, PLX4032): A potent, selective BRAF kinase 
inhibitor. Future Oncol. 2012, 8, 509–523. 

51. Wilmott, J.S.; Long, G.V.; Howle, J.R.; Haydu, L.E.; Sharma, R.N.; Thompson, J.F.; Kefford, R.F.; 
Hersey, P.; Scolyer, R.A. Selective BRAF inhibitors induce marked T-cell infiltration into human 
metastatic melanoma. Clin. Cancer Res. 2012, 18, 1386–1394. 

52. Ribas, A.; Hodi, F.S.; Callahan, M.; Konto, C.; Wolchok, J. Hepatotoxicity with combination of 
vemurafenib and ipilimumab. N. Engl. J. Med. 2013, 368, 1365–1366.  

53. Khattak, M.; Fisher, R.; Turajlic, S.; Larkin, J. Targeted therapy and immunotherapy in advanced 
melanoma: An evolving paradigm. Ther. Adv. Med. Oncol. 2013, 5, 105–118.  

54. Gibney, G.T.; Zager, J.S. Clinical development of dabrafenib in BRAF mutant melanoma and 
other malignancies. Expert Opin. Drug Metab. Toxicol. 2013, 9, 893–899. 

55. Hauschild, A.; Grob, J.J.; Demidov, L.V.; Jouary, T.; Gutzmer, R.; Millward, M.; Rutkowski, P.; 
Blank, C.U.; Miller, W.H., Jr.; Kaempgen, E.; et al. Dabrafenib in BRAF-mutated metastatic 
melanoma: A multicentre, open-label, phase 3 randomised controlled trial. Lancet 2012, 380, 
358–365. 

56. Flaherty, K.T.; Robert, C.; Hersey, P.; Nathan, P.; Garbe, C.; Milhem, M.; Demidov, L.V.;  
Hassel, J.C.; Rutkowski, P.; Mohr, P.; et al. Improved survival with MEK inhibition in  
BRAF-mutated melanoma. N. Engl. J. Med. 2012, 367, 107–114.  



Healthcare 2014, 2 19 
 

 

57. Kirkwood, J.M.; Bastholt, L.; Robert, C.; Sosman, J.; Larkin, J.; Hersey, P.; Middleton, M.; 
Cantarini, M.; Zazulina, V.; Kemsley, K.; et al. Phase II, open-label, randomized trial of the 
MEK1/2 inhibitor selumetinib as monotherapy versus temozolomide in patients with advanced 
melanoma. Clin. Cancer Res. 2012, 18, 555–567.  

58. Chapman, P.B.; Einhornm, L.H.; Meyers, M.L.; Saxman, S.; Destro, A.N.; Panageas, K.S.;  
Begg, C.B.; Abarwala, S.S.; Schuchter, L.M.; Ernstoff, M.S.; et al. Phase III multicenter 
randomized trial of the Dartmouth regimen versus dacarbazine in patients with metastatic 
melanoma. J. Clin. Oncol. 1999, 17, 2745–2751. 

59. Middleton, M.R.; Grob, J.J.; Aaronson, N.; Fierlbeck, G.; Tilgen, W.; Seiter, S.; Gore, M.; 
Aamdal, S.; Cebon, J.; Coates, A.; et al. Randomized phase III study of temozolomide versus 
dacarbazine in the treatment of patients with advanced metastatic malignant melanoma. J. Clin. 
Oncol. 2000, 18, 158–166. 

60. Avril, M.F.; Aamdal, S.; Grob, J.J.; Hauschild, A.; Mohr, P.; Bonerandi, J.J.; Weichenthal, M.; 
Neuber, K.; Bieber, T.; Gilde, K.; et al. Fotemustine compared with dacarbazine in patients with 
disseminated malignant melanoma: A phase III study. J. Clin. Oncol. 2004, 22, 1118–1125. 

61. Flaherty, K.T.; Infante, J.R.; Daud, A.; Gonzalez, R.; Kefford, R.F.; Sosman, J.; Hamid, O.; 
Schuchter, L.; Cebon, J.; Ibrahim, N.; et al. Combined BRAF and MEK inhibition in melanoma 
with BRAF V600 mutations. N. Engl. J. Med. 2012, 367, 1694–1703. 

62. Sosman, J.A.; Daud, A.; Weber, J.S.; Kim, K.; Kefford, R.; Flaherty, K.; Infante, J.R.; Hamid, O.; 
Cebon, J.S.; Schuchter, L.M.; et al. BRAF Inhibitor (BRAFi) Dabrafenib in Combination with the 
MEK1/2 Inhibitor (MEKi) Trametinib in BRAFi-Naive and BRAFi-Resistant Patients (pts) with 
BRAF Mutation-Positive Metastatic Melanoma (MM). In Proceedings of 2013 ASCO Annual 
Meeting, Chicago, IL, USA, 31 May–4 June 2013. 

63. Burmeister, B.H.; Henderson, M.A.; Ainslie, J.; Fisher, R.; di Iulio, J.; Smithers, B.M.; Hong, A.; 
Shannon, K.; Scolyer, R.A.; Carruthers, S.; et al. Adjuvant radiotherapy versus observation alone 
for patients at risk of lymph-node field relapse after therapeutic lymphadenectomy for melanoma: 
A randomised trial. Lancet Oncol. 2012, 13, 589–597.  

64. Henderson, M.A.; Burmeister, B.; Ainslie, J.; Fisher, R.; di Iulio, J.; Smithers, B.M.; Hong, A.; 
Shannon, K.F.; Scolyer, R.A.; Carruthers, S.; et al. Adjuvant Radiotherapy after Lymphadenectomy in 
Melanoma Patients: Final Results of an Intergroup Randomized Trial (ANZMTG 0.1.02/TROG 
02.01). In Proceedings of 2013 ASCO Annual Meeting, Chicago, IL, USA, 31 May–4 June 2013. 

65. Australian Institute of Health and Welfare. Cancer in Australia: An overview; AIHW: Canberra, 
Australia, 2010. 

66. Bradford, P.T.; Freedman, D.M.; Goldstein, A.M.; Tucker, M.A. Increased risk of second primary 
cancers after a diagnosis of melanoma. Arch. Dermatol. 2010, 146, 265–272. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 


