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Abstract: Background: Maximizing survival for patients with primary cutaneous melanomas
(melanomas) depends on an early diagnosis and appropriate management. Several new drugs
have been shown to improve survival in high-risk melanoma patients. Despite well-documented
guidelines, many patients do not receive optimal management, particularly when considering patient
age. Objective: to provide an update on melanoma management from the time of the decision to
biopsy a suspicious skin lesion. Methods: We reviewed melanoma-management research published
between 2018 and 2023 and identified where such findings impact and update the management of
confirmed melanomas. Pubmed, Google Scholar, Ovid and Cochrane Library were used as search
tools. Results: We identified 81 publications since 2017 that have changed melanoma management;
11 in 2018, 12 in 2019, 10 in 2020, 12 in 2021, 17 in 2022 and 18 in 2023. Discussion: Delayed or
inaccurate diagnosis is more likely to occur when a partial shave or punch biopsy is used to obtain
the histopathology. Wherever feasible, a local excision with a narrow margin should be the biopsy
method of choice for a suspected melanoma. The Breslow thickness of the melanoma remains the
single most important predictor of outcome, followed by patient age and then ulceration. The
BAUSSS biomarker, (Breslow thickness, Age, Ulceration, Subtype, Sex and Site) provides a more
accurate method of determining mortality risk than older currently employed approaches, including
sentinel lymph node biopsy. Patients with metastatic melanomas and/or nodal disease should be
considered for adjuvant drug therapy (ADT). Further, high-risk melanoma patients are increasingly
considered for ADT, even without disease spread. Invasive melanomas less than 1 mm thick are
usually managed with a radial excision margin of 10 mms of normal skin. If the thickness is 1 to
2 mm, select a radial margin of 10 to 20 mm. When the Breslow thickness is over 2 mm, a 20 mm
clinical margin is usually undertaken. In situ melanomas are usually managed with a 5 to 10 mm
margin or Mohs margin control surgery. Such wide excisions around a given melanoma is the only
surgery that can be regarded as therapeutic and required. Patients who have had one melanoma are
at increased risk of another melanoma. Ideal ongoing management includes regular lifelong skin
checks. Total body photography should be considered if the patient has many naevi, especially when
atypical/dysplastic naevi are identified. Targeted approaches to improve occupational or lifestyle
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exposure to ultraviolet light are important. Management also needs to include the consideration of
vitamin D supplementary therapy.

Keywords: melanoma; management; treatment; BAUSSS

1. Introduction

The two key steps in maximizing survival from primary cutaneous melanomas
(melanomas) remain early diagnosis followed by excision with a wide margin. We re-
view the management of melanomas from the time of the decision to obtain a skin lesion
biopsy, with a focus on aspects that are sometimes neglected.

We discuss the optimum approach for the biopsy of a suspected melanoma and the
subsequent appropriate surgical margins for therapeutic excision.

Several drug interventions have been shown to improve survival in patients with
nodal and distant metastases. In the absence of any nodal or wider melanoma spread,
adjuvant drug therapy (ADT) is also now considered for high-risk melanoma patients. We
review ADT regimens found to improve melanoma survival in randomized controlled
trials (RCTs).

We also review the evolving role of sentinel lymph node biopsy (SLNB) in managing
melanomas, identify circumstances where it is appropriate and others where SLNB is
contraindicated. We summarize the long-term data from RCTs of SLNB.

2. Methods

We reviewed melanoma-management research published between 2018 and 2023 and
identified where such findings impact and update the management of confirmed melanoma.
Pubmed, Google Scholar, Ovid and Cochrane Library were used as search tools.

3. Results

We identified 81 publications since 2017 that have changed melanoma management:
11 in 2018, 12 in 2019, 10 in 2020, 12 in 2021, 17 in 2022 and 18 in 2023. Key melanoma
strategies that have not been recently impacted recently were reinforced.

Aspects of management that were the subject of updated publications since 2017
included ADT (33 publications), Mohs margin control surgery (10), SLNB (10), surgical mar-
gins (7), total body photography (5), mortality risk assessments of melanoma patients (5),
occupational therapy considerations after diagnosis (5), skin biopsy techniques (5), as well
as histology/pathology, ultrasound and supportive care updates.

4. Biopsy Technique

In nearly all cases, the appropriate diagnostic technique for a suspected melanoma is the
excision of the entire apparent lesion with a narrow margin, typically 1–3 mm (mm) [1–4]. The
accuracy of an initial diagnosis is significantly better with excisional biopsy (EB) than with
partial shave or punch biopsy [2,4,5]. Despite this, shave biopsy remains a common choice,
with increasing frequency in some regions [6,7]. An inaccurate assessment of melanoma
depth and Subtype may result from partial biopsies, which may increase mortality risk [1]. It
was once felt that punch and shave biopsies might increase the risk of melanoma spread [6],
but this concept has since been disproven [8].

Partial biopsies are not recommended and should be reserved for circumstances where
a complete EB is impracticable [9]. The most common scenario where a partial biopsy is
necessary is when the patient has a large lesion on the head, neck, hands, feet, anterior
legs or genitalia. Saucerization is an ideal alternative to EB in these circumstances, as
long as the specimen includes the entire lesion, including beneath the depth of the lesion
throughout. Unfortunately, clinicians who use this technique often do not include the
entire melanocytic lesion in their procedure [7,10]. Other options are a deep shave biopsy
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involving all the pigmented tissue for broad thin tumors [11] or a 6 mm or larger punch
biopsy into the adipose layer for thicker tumors [12]. Smaller punch biopsies are especially
at risk of incomplete diagnostic assessment and are not recommended [4].

(Figure 1. Large brown macule on right ear was confirmed as a melanoma in situ on a
thick shave biopsy).
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Figure 1. This large pigmented macule on the ear was initially managed with a thick shave biopsy of
the entire lesion to confirm diagnosis. The size and location were reasons why local excision was not
chosen to biopsy this melanoma.

5. Histology Report on Cutaneous Melanoma

An accurate and suitably detailed pathology report is crucial in planning the further
management of melanomas. There has been variability in the information relayed in pathol-
ogy reports; [13,14] hence, recommendations for standardized reports were introduced.
These include recommendations initially introduced by the Royal College of Pathologists
(RCPath) in 2002 [14,15], which are currently undergoing further revision and update. The
RCPath data set includes recommendations for handling skin specimens in the laboratory,
and core clinical and pathological data to be included in the report.

The histology request form:
Patient age at diagnosis (Age) and sex, the anatomic site of origin (Site) and type of

specimen should be provided. Clinical photographs and/or dermatoscopic images of the
lesion can be diagnostically helpful by improving clinicopathological correlation.

Macroscopic description information provided should include maximum dimensions
of the specimen, including the depth of the specimen, recorded in mms, as well as a
description, including dimensions, of any visible lesion.

The report:
The microscopic description parameters on the report of a melanoma should include,

in relative importance, the following:

a) Breslow thickness/depth (Breslow),

being the depth measured from the top of the epidermis granular layer to the deepest
malignant melanocyte;

If the lesion is ulcerated, then Breslow is measured from the base of the ulcer;
The extension of the in situ component along the adnexa and depth of microsatellites

are not included in the Breslow;
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b) The presence or absence of ulceration (Ulceration), including its diameter in mm;

If the ulcer is traumatic, for example from a previous biopsy, this should be stated on
the request form;

c) Subtype of melanoma (Subtype);
d) Margins measured in mm;
e) Growth phase of melanoma;
f) Presence of perineural invasion/neurotropism;
g) Presence of satellites/microsatellites/in-transit metastases;
h) Presence of lymphovascular invasion and extravascular migratory metastases;
i) Tumor-infiltrating lymphocytes,

stated as absent, non-brisk or brisk;

j) Presence or absence of regression;
k) Mitotic index, using the hot spot method;

Although this is no longer used in AJCC staging, its inclusion is recommended.
There are also guidelines for reporting lymph node specimens.
Pathological measurements, both macroscopic and microscopic, are less than clinical

measurements, predominantly due to tissue recoil and with a smaller contribution from
formalin fixation [16,17].

Pathologist reporting styles vary, including descriptive reports, synoptic reports or a
combination of both [13]. However, the recommended data should be included.

6. The BAUSSS Biomarker

Until recently, the following nine features from the pathology report and the patient
history, in alphabetical order, had been considered important in determining survival
prospects: (1) Age, (2) Breslow, (3) Clark level, (4) mitotic activity, (5) Sex, (6) Site, (7) Sub-
type, (8) tumor regression and (9) Ulceration.

The important study by El Sharouni et al. [18] provides substantial data on patient
demographics and pathology characteristics that contribute to survival risk.

These nine features can now be divided into four categories:
Group A. Breslow, Age and Ulceration are the three most important aspects that influ-

ence melanoma-specific survival. These are the only aspects with a c-score of over 0.59 [18]
Group B. Subtype, Sex and Site are also important in assessing survival risk but have

less impact. These are the only three aspects with a c-score between 0.54 and 0.59 [18]
Group C. Mitotic activity and regression have a minimal impact on outcomes when

analyzed on multivariate analysis [18]. The c-statistic of these two features is just over 0.5,
indicating their impact on survival prediction is close to random.

Group D. Clark levels describe the tissue layer to which the tumor has descended from
the epidermis towards or into the subcutaneous fat. The Clark level provides no statistical
difference to outcome on multivariate analysis. Indeed, Clark level is no longer considered
a feature of a melanoma worthy of comment in pathology reports [19].

Combining factors from group (A), Breslow, Age and Ulceration with (B) Subtype, Sex,
and Site provide the information needed to determine the BAUSSS biomarker method of
determining mortality risk [20,21].

The BAUSSS biomarker has emerged as a key staging process in determining melanoma
mortality risk [22].

The El Sharouni study identified that the c-score for SLNB is very similar to ulcera-
tion [18]. However, SLNB status requires further surgery beyond the information obtained
from the pathology report and patient history. The additional information provided by
SLNB+BAUSSS compared with BAUSSS alone is minimal, in the order of 3%, with confi-
dence limits often overlapping [22].
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7. Excision Margins

An invasive melanoma is defined as any melanoma growing into the dermis, having
broached the dermo–epidermal junction. Excision margins for wide local excision (WLE)
are usually determined using Breslow.

Typical current guidelines recommend the following clinically measured excision
margins for melanoma; 10 mm clearance if the Breslow is 1 mm or less, 10 mm to 20 mm
clearance if the Breslow is between 1 and 2 mm, and 20 mm if the Breslow is over 2 mm [23].
These radial excision margins are measured clinically with a ruler from the edge of the
melanoma [24]. The depth of the excision in usual clinical practice is excision down to
but not including the deep fascia. Radial margins greater than 20 mm do not improve
survival [25–27]. The margins are summarized in Table 1 [24].

Table 1. Recommended margins of excision for primary melanoma are based on Breslow thickness of
the tumor.

Breslow Thickness Radial Margin of Excision Depth of Excision

Melanoma in situ (MIS) Not applicable 5 to 10 mm * Subcutaneous tissue

Invasive melanoma

Under 1 mm 10 mm

To but not including deep fascia
1 to 2 mm 10 to 20 mm **

2 to 4 mm 20 mm #

Over 4 mm 20 mm ##

* Some guidelines suggest that MIS margin need only be 5 mm. However, inadequate clearance can be an issue
with routine 5 mm margins for MIS. ** Some guidelines suggest that a 10 mm margin is sufficient for all invasive
melanoma with Breslow thickness less than 2 mm. # Some guidelines support a 10 mm margin for all invasive
melanoma up to 4 mm thick. ## Some guidelines recommend 30 mm margins for thicker tumors [24].

7.1. Melanoma In Situ Margins

A melanoma in situ (MIS) is a melanoma confined to the epidermis, with no invasive
dermal involvement. Traditionally, MIS has been managed with a 5 mm excision margin,
but such a clearance can be insufficient if used routinely [28]. The suggestion for margins
greater than 5 mm follows concerning recurrence rates when only 5 mm margins are
employed [28,29]. Guidelines now generally recommend a margin of 5 to 10 mm with the
aim of achieving a complete histological clearance [23,30], while Mohs surgery may be
used to obtain clear margins and reduce recurrence for MIS [31–33]. A recent systematic
review concluded that outcomes with Mohs are comparable to WLE, but considered further
evidence was required to confirm a precise role [34]. Mohs has even been studied as an
option for invasive melanomas outside of face lesions [31].

7.2. Does the Location Change the Margin?

The anatomic location does not alter margin recommendations for melanoma. At
times, a particular location might lead to a consideration of Mohs surgery rather than
traditional WLE to minimize skin loss. Examples include the eyelid [35], ear [36], lips [37],
face [38], hands and feet [39]. In Australia, it has been concerning that many melanoma
patients’ tumors are not excised with the required margins of clearance. This mainly occurs
when the melanoma location is on the face and is treated with WLE [40,41]. Indeed, only
one third of patients in New South Wales and Victoria were treated with appropriate
margins based on national guidelines [40,41]. Patients with non-facial tumors were more
likely to be overtreated, receiving margins beyond that required for optimum outcomes [41].
There are locations where a 10 mm margin of normal skin may not be possible because of
anatomic considerations, such as the eyelid and nasal alar.

7.3. Do the Subtype and Site Change the Margin?

The Subtype of a melanoma alters prognosis but does not alter the margins of clearance.
Nodular melanoma has a worse prognosis compared with superficial spreading melanoma
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(SSM) [42,43]. Lentigo maligna (LM) melanomas have a more favorable prognosis than
SSM [18]. Acral melanomas, which occur on the palms and soles, have a worse prognosis
compared with SSM [18].

Nevertheless, the guidelines around the world for margins of clearance remain the
same for all melanomas regardless of Subtype and Site, given there is no evidence that
increasing excision margins would improve outcomes [23,44].

8. Biopsy and Definitive Excision in a Single Procedure?

In selected European centers, the clinical and dermatoscopic characteristics of the
lesion, including a broad estimate of the Breslow being below 1 mm, are used at times to
manage MIS and thin melanoma in a single procedure, with 5 mm (MIS) or 10 mm margins
(invasive). Further re-excision then occurs only in cases when the estimate was wrong,
with the Breslow being >1 mm.

This approach has the advantage of reducing costs by the performing of just one
excision and is especially favored when such an excision can be easily performed. There is
a lack of prospective data to validate that the required radial margin cannot be obtained in
one surgical procedure rather than two.

This approach has the disadvantage that if the clinical diagnosis is incorrect, the patient
will have received a sizable defect even though the pathology did not require such. For this
reason, the single excision approach is best considered when the clinician is very confident
about the clinical/dermoscopic diagnosis.

In the past, WLE was often coupled with SLNB. This was often the reason for encour-
aging the splitting of EB from the definitive surgery, allowing for both WLE and SLNB at the
same time. However, in the BAUSSS era, SLNB has a markedly limited role, with most pa-
tients having no indication for SLNB. Further, SLNB can be effectively undertaken at a later
stage than the definitive excision when considered valuable for a specific patient [45,46].

Can One Just Do the Excision Biopsy and Nothing Further?

It has recently been suggested that the days of WLE might be over. Trials to compare
the single surgical approach with traditional WLE to using EB alone are envisaged [47].
Such a suggestion hinges on the belief that there is no prospective evidence to support
WLE over EB alone.

However, a recent study comparing 126 patients who were managed with biopsy
alone compared to 1179 patients managed with WLE demonstrated a mortality hazard ratio
(HR) of overall survival of 4.80 (95% CI: 2.05–11.22, p < 0.001), and a melanoma-specific
survival HR of 2.84 (95% CI: 1.04–7.76, p = 0.042 [48]), a survival benefit in favor of WLE.

Whether in one procedure or two, achieving the appropriate margin around melanomas
as indicated by the Breslow and current guidelines is required. As such, to now consider
an RCT in which one arm has an EB alone would face significant ethical challenges. Some
patients in the EB arm of such a trial are likely to die unnecessarily.

9. When Is a Sentinel Lymph Node Biopsy (SLNB) Considered?

SLNB became popular in the 1990s. SLNB became a common part of melanoma
management because its proponents thought that SLNB, followed by completion lym-
phadenectomy (CL), if SLNB positive (SLNB+), might save lives. The theory was that by
identifying patients who had proven lymph node metastases, only those patients would
receive a regional dissection of their nodes.

The two most important long-term prospective RCTs of SLNB are the multicenter
selective lymphadenectomy trials, denoted MSLT1 [49,50] and MSLT2 [51]. The MSLT1
randomized patients with a melanoma over 1.2 mm in thickness to SLNB and subsequent
CL versus observation alone. MSLT1 demonstrated that SLNB and subsequent CL does
not improve overall survival or ten-year melanoma-specific survival [49]. The MSLT2
trial randomized patients who had a positive sentinel node into those having CL versus
observation. This showed that even in patients with positive sentinel lymph nodes, CL
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provides no survival benefit when compared to observation alone [51]. Current evidence
suggests that SLNB is no longer a routine requirement in the management of melanomas.

Some clinicians recommend SLNB to determine the likelihood of survival from
melanoma, as the prognoses of SLNB+ patients are worse than those of SLNB negative
(SLNB-) patients [18]. For this reason, it is recommended that SLNB be discussed with
melanoma patients [52]. The HR of mortality for SLNB+ versus SLNB- patients is in the
order of 2.4 [49] to 2.7 [18].

However, Breslow and Age are more powerful risk factors for mortality than SLNB+.
The landmark El Sharouni study [18] identified the area under the curve “C” statistic (c-stat)
for an array of possible mortality risk factors. The c-stat for Breslow is in the order of 0.68
to 0.70. Next, Age has a c-stat in the order of 0.64. Ulceration and SLNB+ are the next most
independently significant predictors of mortality, with both SLNB+ and ulceration having
c-scores in the order of 0.60 to 0.63.

As previously discussed, the next three most important independent risk factors are
Subtype, Sex and Site, all having c-stats in the order of 0.55 to 0.58.

While SLNB status provides prognostic information, it is markedly inferior to BAUSSS.
Even when SLNB status is added to BAUSSS, the difference is in the order of only 3%, with
confidence limits often overlapping [18,21].

The complication rate associated with SLNB is around 11% [53–55]. We have reported
our concerns that some melanoma patients are being offered SLNB when there is a proven
risk of harm but no apparent survival benefit [56]. Concerns regarding the requirement for
patients to undergo SLNB for inclusion in some trials of new drugs has been previously
described [30].

10. SLNB and Age

Our recent research has found that the benefit of SLNB is a particularly poor prognostic
indicator for patients under 40 and over 60 years of age [57].

10.1. Young Patients

The specificity of SLNB status is especially problematic in young patients. Consider
a 20-year-old female patient with a 0.4 mm Breslow, ulcerated TIb SSM on a lower limb
with no mitoses or lymphovascular invasion. Such a patient has a 15 year melanoma-
specific mortality prediction (MSMP) of 3%, yet the SLNB-positivity risk is about 12% [58].
Shannon et al. suggest SLNB should be considered because the SLNB risk of being positive
is high [59].

If 1000 such 20-year-old patients underwent SLNB, 120 would have a positive result.
It is likely these 120 patients would then be offered ADT. It is estimated that only 30 of
the 1000 patients would die from their melanoma [60]. The HR specific to this age group
demonstrates that there will be two melanoma-specific deaths in this clinical scenario in
SLNB- patients for every death in a SLNB+ patient [57]. A total of 1000 patients would
receive added surgery and 120 patients would be potentially treated with ADT to hopefully
prolong life for 10 patients. The projected adverse events from the surgery and particularly
from the ADT would render such a management plan ill-conceived.

10.2. Older Patients

For older patients, the problem is the reverse. The sensitivity of SLNB status is poor in
patients over 60 years of age. Consider an 80-year-old man with a non-ulcerated 1.8 mm
Breslow LM type, Tlla melanoma on the cheek. The SLNB+ prediction rate for such a
patient is 2%. Hence, SLNB is unlikely to be offered. Yet, this patient has a long-term MSMP
of 27%.

Of 1000 such 80-year-old patients, 270 would be expected to die of their melanoma. It
is estimated that only 8 of these 270 deaths (3%) would be SLNB+ patients. The decision to
undertake SLNB on such patients along with any decision to initiate ADT based on SLNB
results is ill-conceived. Rather, all 1000 patients need consideration for ADT.



J. Clin. Med. 2024, 13, 1607 8 of 25

10.3. Suggested Usage of SLNB in 40- to 60-Year-Old Patients

SLNB can be of benefit by providing important prognostic information in addition to
that provided by BAUSSS for patients between 40 and 60 years of age. For those patients
considered to be borderline for consideration for ADT, SLNB can refine such mortality risk
projections. However, even when this test is offered, it is important that those who are
found positive do not then undergo CL.

11. Investigations following Diagnosis
11.1. Ultrasounds of Nodal Basins

Voit et al. determined that a non-conventional set of ultrasound (US) criteria more
accurately assessed nodal basins in melanoma patients [61–63]. A technique called the
Berlin Method involves US with the Fine Needle Biopsy (BUSFNB) of nodal beds. The
approach developed and trialed in Berlin focuses on three key features: the loss of central
echoes, balloon shaping and peripheral perfusion (Figure 2). BUSFNB offers improved
sensitivity when compared to the traditional US methodology.
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Figure 2. Doppler ultrasound image of a lymph node demonstrating the three key features identified
by Dr. Voit in determining survival predictability: (1) loss of central echos, (2) peripheral perfusion
and (3) balloon shaping. (Image courtesy of the late Prof. Dr. Christiane Voit).

Oude Ophius et al. published long-term data evaluating BUSFNB as a predictor
of melanoma-specific survival (MSS) [62]. Their Kaplan Meier graph of MSS patients
for SLNB positivity versus negativity are similar to BUSFNB graph of positivity versus
negativity [53].

In skilled hands, BUSFNB can identify early melanoma involvement in lymph nodes
similarly to SLNB [64]. If US in the best hands could be just as reliable, (hence, just as
unreliable) as SLNB status, then its usage must be questioned, especially for patients
under 40 and over 60 years of age.

Thompson et al. recently reviewed the use of US in the MSLT2 trial [51,65]. They
concluded that preoperative US was not reliable in nodal staging for melanoma patients.
The MSLT2 trial used traditional ultrasound (TUS) criteria, assessing hilar vessels, length
to depth ratio, the loss of central echoes, and focal areas of low-level echoes surrounded by
increased vascularity. Importantly, the BUSFNB factors of balloon shaping and peripheral
perfusion were not considered in this study.

Thompson et al. [65] suggested that the BUSFNB method could not be validated
in their study group and that patients require SLNB to correctly determine nodal status.
However, because their study [51] used TUS and not BUSFNB, their conclusion [65] is
invalid. One cannot validate or otherwise an intervention when one does not test the
actual intervention.
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Ipenburg [66] assessed TUS in melanoma patients who were older or had other health
circumstances. In using lymphoscintigraphy and US without fine needle biopsy (FNB),
33% of nodal recurrences were detected before they became clinically apparent. This
methodology was considered reasonable for this patient group.

11.2. Other Investigations

In 2005, it was understood that no specific investigations, including blood and radi-
ologic tests, were helpful following the diagnosis of melanomas. However, at that time
there were no known pharmaceutical approaches shown to prolong survival in melanoma
patients. Imaging was often instigated by symptoms and/or signs that might indicate
metastatic disease. Now we have options for managing melanoma metastases. The early
detection of secondaries may or may not alter the efficacy of newer treatments. The role of
early imaging in all asymptomatic patients is of uncertain benefit [67]. However, routine
imaging is increasingly considered for high-mortality patients [68]. The BAUSSS biomarker
could find a role in determining which asymptomatic-melanoma patients are selected
for imaging.

12. Adjuvant Drug Therapy

There are now several main groups of drugs commonly in use that have been shown
to prolong survival for melanoma patients. These have been reviewed recently and in-
clude [69] the following:

1. Targeted therapy
B-Raf protein signal (BRAF) inhibitors (dabrafenib, vemurafenib and encorafinib),

usually prescribed with mitogen-activated protein kinase (MEK) inhibitors.
MEK inhibitors (trametinib, cobimetinib and binimetinib), usually with BRAF inhibitors.
2. Immune checkpoint inhibitors
Inhibitors of the programmed cell death-1 (PD-1) co-receptor (nivolumab, spartal-

izumab pembrolizumab and toripalimab) or inhibitors of their ligand PD-L1 (atezolizumab).
Inhibitors of the cytotoxic T-lymphocyte-associated protein 4 (CTLA4) receptors

(ipilimumab).
Inhibitors of the lymphocyte-activation gene 3 (LAG3) transmembrane protein (re-

latlimab) or the combination of anti-PD-1 with anti-LAG3 (opdualag).
3. Emerging drugs and combination therapies
The medications above which have been shown to provide benefits over years rather

than months in melanoma patients with nodal and distant metastatic disease can be
prescribed by clinicians familiar with their uses. In USA, Australia and elsewhere, this is
often undertaken by a medical oncologist. In parts of Europe, the dermato-oncologist role
includes prescribing these melanoma drugs.

12.1. When Are Drug Therapies Indicated?

There are three main categories when ADT is considered for patients with melanoma:
Nodal spread;
Distant metastases;
High-risk primary melanomas.

12.1.1. Nodal Disease

The AJCC Stage 3 disease refers to patients with nodal diseases. When nodes are
clinically involved, surgical resection continues to be the first-line therapy [70–72]. ADT
may be considered before and/or after surgical resection or when the lymph node disease
is not resectable.
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12.1.2. Metastatic Melanoma

The AJCC Stage 4 disease refers to patients with distant metastases. Surgery should
be offered to patients who have nodal or operable isolated and resectable distant metastatic
diseases [73,74]. There is increasing evidence that combining surgery with ADT for such
patients improves long-term outcomes [75]. ADT is frequently offered following surgery. If
distant metastases are non-resectable, ADT provides the prospect of prolonging survival.

Recent studies involved patients receiving pembrolizumab and surgery when the
distant disease was deemed operable [76]. Outcomes are best when patients received pem-
brolizumab both before and after surgery, than among those who received pembrolizumab
only after [77]. Even in this era of ADT, surgery for operable metastatic disease remains an
important component in overall management.

12.1.3. High-Risk Primary Cutaneous Melanoma

Recently, a landmark study by Long et al. [78] trialed pembrolizumab on high-risk
melanoma patients who had no identifiable metastatic disease and negative SLNB status.
This Keynote-716 study was a multicenter, double-blind, placebo-controlled, crossover or
rechallenge, randomized, phase-3 trial conducted at 160 academic medical centers and
hospitals across 16 countries. The inclusion criteria included patients with a Breslow
greater than 2 mm with ulceration and patients with a Breslow over 4 mm regardless of
the presence or absence of ulceration. That is, the study included AJCC T3b, T4a and
T4b patients. The results demonstrated improved distant-metastasis free survival versus
placebo and a continued reduction in the risk of recurrence. Pembrolizumab was FDA-
approved for T3b, T4a and T4b patients following this Keynote-716 study. Nivolumab
was also approved for the same indications with the same patient groupings following the
CHECKMATE76K trial.

Using the BAUSSS biomarker risk tool, T3b, T4a and T4b patients have a long-term
MSMR ranging from 6.5% to well over 10 times that rate (65%+). At the lowest risk of the
spectrum, a female 20-year-old with a newly diagnosed Breslow 4.1 mm non-ulcerated
SSM on the forearm has a long-term MSMR of around 6.5%

Age was not factored into the risk assessment, but patients aged 12 years and older
were eligible for enrolment. A deficiency of the study was that patients such as a 70-year-
old male with a 3.9 mm non-ulcerated melanoma (lentigo maligna type) on the forehead
would not have been eligible for this trial. Yet, such a patient has a 28% long-term MSMR.

In a future trial of this type, patients with perhaps a 10% or 15% or MSMR based on
BAUSSS could be considered appropriate to enroll. This would allow for a more accurate
assessment of true high-risk patients compared to the Long [78] methodology.

12.2. BRAF Inhibitors—Including Vemurafenib, Dabrafenib and Encorafenib

The group of drugs that first demonstrated a survival benefit for melanoma patients is
the BRAF inhibitors. BRAF is a human gene that encodes a protein called serine/threonine-
protein kinase B-Raf. BRAF is integral to the signaling pathway known as the RAS/MAPK
pathway, which controls several important cell functions [79,80]. Inhibiting the BRAF path-
way has been shown to prolong survival in melanoma patients with the V600E mutation.
Some other variations of the BRAF mutation also respond to BRAF inhibitors [81]. These
BRAF V-600 mutations occur in around half of melanoma patients [81].

An initial response rate of approximately 53% has been documented in metastatic
melanoma patients, but later the response is abrogated due to the development of resistance
mechanisms by the tumor. The association of immunotherapy with targeted therapy can
be used to overcome resistance but with no expressive results at a longer follow-up [82].
BRAF therapy is given orally, avoiding hospitalization.

Vemurafenib. Vemurafenib was the first BRAF inhibitor shown to benefit melanoma
patients [79]. Overall survival at 6 months was 84% with vemurafenib versus 64% with
dacarbazine, which acted as the control agent [79]. Just over half of melanoma patients
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with the BRAF mutation have a response to vemurafenib [81]. Melanoma patients with
brain metastases can benefit from vemurafenib therapy [83].

Dabrafenib. The second BRAF inhibitor studied extensively is dabrafenib. In a large
RCT of metastatic melanoma patients with the BRAF mutation, median progression-free
survival with dabrafenib was 5.1 months versus 2.7 months with dacarbazine [80]. This
drug also has an established role in patients with brain metastases [84].

Encorafenib. This BRAF inhibitor is combined with Binimetinib in the treatment of
metastatic melanomas with a BRAF mutation. Among 192 patients, who were treated with
this combination with a median follow-up of 16.6 months, the median progression-free
survival was 14.9 months [76,77].

The adverse events associated with BRAF inhibitors include fatigue, alopecia, pho-
tosensitivity, nausea and diarrhea. Arthralgia can be severe and lead patients to ceasing
therapy [79,81]. The adverse event profile is similar with dabrafenib und vemurafenib.
The most common grade 3–4 adverse events seen in more than 5% of patients in the en-
corafenib plus binimetinib group were increased γ-glutamyltransferase (9%), increased
creatine phosphokinase (7%) and hypertension (6%), while in encorafenib monotherapy,
they were group palmoplantar erythrodysaesthesia syndrome (14%), myalgia (10%) and
arthralgia (9%). Usage of a BRAF inhibitor without a MEK inhibitor results in around a
quarter of patients developing cutaneous squamous cell carcinomas (SCCs) [79,80,83,84]
(Table 2).

Table 2. BRAF inhibitors (Dabrafenib, Vemurafenib or Encorafenib) with or without MEK inhibitors
(Trametinib, Cobimetinib or Binimetinib). (Requires tumor to be BRAF V600 mutation-positive).

Drug Combination Indication in Trial MSS * Established Benefit Grade 3 + Adverse Events

Dabrafenib and
Trametinib

Unresectable stage
3 or 4 melanoma

72% 12-month survival [85]
44% 3-year survival [86]
28% 5-year survival [87]

41% [86,88]

Dabrafenib and
Trametinib

Involvement of lymph nodes
following complete resection

58% 3-year relapse-free survival [88]
86% 3-year overall survival [88] 41% [88]

Dabrafenib alone Unresectable stage
3 or 4 melanoma

32% 3-year survival [86]
5.1 month median progression-free
survival [80]

24% [84]

Vemurafenib alone Unresectable stage
3 or 4 melanoma

65% 12-month survival [85],
17-month median overall survival [89]
15.9-month median overall survival [81]
7.3-month median progression-free
survival [90]
17% 4-year survival [91]

61% [92]
28% [89]
59% [93]

Vemurafenib and
Cobimetinib

Unresectable or
metastatic melanoma

22.3-month median overall
survival [89]
9.9-month median progression-free
survival [93]

75% [92]
37% [89]
65% [93]

Encorafenib and
Binimetinib

Unresectable or
metastatic melanoma

14.9 months median progression-free
survival [90]

9% increased gammaGT, 6%
hypertension, 10% myalgia,
9% arthralgia [90,94]

* MSS = melanoma-specific survival.

12.3. MEK Inhibitors in Combination with BRAF Inhibitors

Combining MEK inhibitor and BRAF inhibitor treatments was a major step forward
because it produced a synergistic therapeutic effect whilst reducing the adverse event
profile of BRAF inhibitors alone [85,95]. The mitogen-activated protein kinase (MEK)
enzymes work in another step of the RAS/MAPK pathway [85]. MEK inhibitors are
delivered orally.
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Trametinib is commonly administered in conjunction with dabfrafenib. Patients
with metastatic melanomas felt better and lived longer on the combination approach [95].
Twelve-month survival was shown to be 72% with combination dabrafenib/trametinib
treatment versus vemurafenib alone (65%) [85]. Importantly, the development of new
cutaneous squamous carcinomas associated with BRAF inhibitors is almost eliminated
with the combined approach [85]. The incidence of alopecia is also lower on the combined
therapy, though gastrointestinal adverse events, pyrexia and peripheral oedema increase in
incidence [86].

Binimetinib is commonly administered in conjunction with encorafenib [96].
Cobimetinib is commonly administered in conjunction with vemurafenib [93,97].
It is now standard for melanoma patients to receive combination therapy rather than

BRAF therapy. Even patients previously treated with BRAF therapy may benefit when
re-challenged with combination therapy [98]. Combined therapy can be continued for
many years with patients continuing to receive benefits [86].

While early trials showed benefits in BRAF-positive melanoma patients with distant
metastases, recent trials have shown a role of MEK/BRAF therapy in patients that have
nodal diseases but no evidence of metastases elsewhere. These Stage 3 patients had a 3-year
survival rate of 86% compared to 77% managed with a placebo [88]. Patients in this trial
had their involved nodes completely resected prior to drug intervention.

12.4. PD-1 Drugs: Pembrolizumab, Nivolumab, Atezolizumab and Toripalimab

Perhaps the most encouraging new melanoma drugs are the programmed cell-death
(PD1) drugs. PD-1 is a checkpoint protein on T-cells that inhibits their activity when PD-1
attaches to PD-L1 proteins on some normal and cancer cells [99]. Cancer cells may have
large amounts of PD-L1 which inhibits a beneficial immune response. PD-1 drugs inhibit
this reaction and boost the immune response [100].

Pembrolizumab. Schachter et al. [101] completed an RCT comparing intravenous
(IV) pembrolizumab versus IV ipilimumab for melanoma patients with advanced dis-
ease. At two years, 55% of the pembrolizumab-treated patients were alive versus 43% for
ipilimumab-treated ones. Pembrolizumab has also been found to be effective in melanoma
patients with nodal involvement [102]. In total, 15% of patients on pembrolizumab devel-
oped grade 3 to 4 adverse events (Table 3). Hypothyroidism (14% of patients) and other
endocrine disorders are recognized possible adverse events. A seven-year follow up trial of
pembrolizumab versus ipilimumab has recently been published [103]. Seven-year overall
survival was 37.8% with pembrolizumab versus 25.3% with ipilimumab.

Table 3. PD1 monotherapy.

Drug Indication MSS */Recurrence Advantage Grade 3 + Adverse Events

Pembrolizumab Unresectable or
metastatic melanoma 55% 2-year survival [101] 32% [101]

Pembrolizumab
Lymph node involvement
following complete
node dissection

75% 12-month recurrence
free [102] 14.7% [102]

Nivolumab Unresectable or
metastatic melanoma

52% three-year survival [104]
6.9-month median
progression-free survival [105]

21% [104], 22% [105]

Nivolumab

Lymph node involvement or
metastatic disease following
complete resection of lymph node
involvement or complete
resection of metastatic disease

70% 12-month recurrence-free
survival [106] 14.4% [106], 10% discontinued [106]

* MSS = melanoma-specific survival.
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Nivolumab. Weber et al. compared nivolumab to ipilimumab [106] with stage III
and IV melanoma patients. Recurrence free survival at twelve months was 70.5% with
pembrolizumab versus 60.8% with ipilimumab. Grade 3 or greater adverse events are
similar with both PD1 drugs [104,106,107] (Table 3).

Toripalimab has a role similar to other PD-1 drugs managing melanomas. However,
it has a particular further role in managing mucosal melanomas, including lip and vulva
melanoma [108–112].

Atezolizumab is a PD-1 drug often combined with other agents. Recent trials have
been completed with Cobimetinib and vemurafenib. One trial was specific to intracra-
nial metastatic disease [113]. Another found that the addition of atezolizumab was not
beneficial [114].

irAE PD1 therapy has recently been shown to produce an array of chronic immune-
related adverse events (irAE) that persist even beyond 12 weeks of therapy cessation [115].
Chronic irAEs that were particularly likely to persist included: myocarditis, endocrinopathies,
arthritis, xerostomia, neurotoxicities and ocular events. In contrast, irAEs affecting visceral
organs (liver, colon, lungs and kidneys) had much lower rates of becoming chronic irAEs.

13. Ipilimumab

Ipilimumab is a monoclonal antibody that activates the immune system [99]. It is
delivered intravenously. Robert [99] evaluated patients with metastatic melanomas treated
with ipilimumab and dacarbazine versus dacarbazine alone. Although dacarbazine has
been used for 30 years, its efficacy in managing melanomas is poor [116]. However, it
was considered the best agent available for a comparison with newer pharmaceuticals. In
total, 20.8% of ipilimumab-plus-dacarbazine patients were alive at 3 years versus 12.2% for
dacarbazine alone. Ipilimumab was subsequently found to slow progression in patients
with brain metastases [100]. Complications from therapy are concerning, with over half of
patients suffering either grade 3 or 4 adverse events (Table 4). Immune-related colitis along
with liver impairment are among the concerning sequelae recognized. Other reported
complications are diarrhea, dehydration, fatigue, confusion and skin rashes [99,100].

Ipilimumab has been trialed for the indication of post-surgery ADT following nodal
resection [75]. Ipilimumab was demonstrated to have an advantage in overall survival as
well as distant metastasis-free survival.

In recent years, trials of ipilimumab in combination with other melanoma drugs,
especially with nivolumab, have been published. One trial found the combination did not
improve recurrence-free survival versus nivolumab alone in patients with nodal and/or
metastatic disease. Another long-term trial of the combination [117] showed durable,
improved clinical outcomes with the combination over either nivolumab or ipilimumab
alone. The adverse event profile with this combination remains concerning (Table 4). A total
of 59% of patients developed severe (grade 3) adverse events on combination therapy [104].
Three-year survival was statistically improved, being 58% in the combination therapy
group versus 52% on nivolumab alone. There is a particular role of combined therapy for
patients with brain metastases [107].

Other studies also suggest a role for patients receiving both pembrolizumab and
ipilimumab [76].

There are occasions when the possible improvement in survival from combined ther-
apy that includes ipilimumab may not be in the patient’s best interests considering the
adverse events profile. This is a matter always needing considerable discussion with in-
dividual patient preferences and needs taken into consideration. Shared decision making
is important.
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Table 4. Ipilimumab with or without Nivolumab.

Drug Indication Established MSS * or Recurrence Free
Advantage Grade 3 + Adverse Events

Ipilimumab alone Unresectable or
metastatic melanoma

61% recurrence free at 12 months [106],
34% survival at 3 years [104],
2.9-month median-free survival [105],
43% 2-year survival [101]
65% 5-year recurrence free
(Stage III disease) [118]

46% [106],
43% discontinued [106], 2
deaths [106],
28% [104,105],
54% [118]

Ipilimumab and
Nivolumab combination

Unresectable or
metastatic melanoma

58% survival at 3 years [104]
11.5 month median progression-free
survival [105]
75% recurrence-free survival at
12 months [119]

59% [104–107]
71% [119]

* MSS = melanoma-specific survival.

Newer Combination Therapies

Recently, an array of other combination drug therapies has emerged for managing
metastatic and or nodal involved melanoma. These include Lenvatinib [120], Talimo-
gene [121], Laherparepvec [121], spartalizumab [122,123] and Relatlimab [124–127], being
combined with one or more of the ADT agents outlined above. A review of these emerging
options is not a part of this summary. The drug management of advanced melanoma has
recently been reported elsewhere [128].

14. Total Body Photography (TBP)

TBP as part of the ongoing management of melanoma patients has been controversial.
Higher-risk patients stand to benefit from TBP, with second melanomas being found at
earlier Breslow as well as a greater percentage of MIS cases [129–131]. The role of TBP is
unclear in low-risk melanoma patients [129]. As many melanoma patients have multiple
other pigmented growths, including dysplastic/atypical nevi, it can be difficult to assess
whether a lesion is static or evolving. This has created an established role for TBP at follow-
up visits in such patients. A baseline set of images can be undertaken with underwear
in place unless there are preexisting naevi requiring documentation beneath underwear.
These images then assist the clinician in identifying new and changing lesions at follow-ups.
Early second melanomas can be detected with subtle changes in follow-ups when these
photographs are available for comparison [132].

15. Follow-Up Appointments

Most patients are discharged from follow-up typically five or ten years after diagnosis
and rarely even as shortly as one year after diagnosis if there is no evidence of recurrent
disease present [133]. Many current melanoma guidelines recommend ceasing the follow-
up of patients at 5 years for those with MIS and 10 years for invasive melanoma. Whilst it
might be reasonable to cease checking for lymph nodes or palpating the liver after these
time periods, patients should not be considered cured and immune from further melanomas
at 10 years.

Whilst follow-up appointments frequently involve a check of the original surgical
site and regional nodes for evidence of recurrence and metastasis, many do not include
a full-skin examination to check for a second melanoma. A full-skin examination is an
essential part of routine melanoma follow-up. These checks should occur ideally every
six months for five years and at least annually thereafter. It is vital that the members of
the treating team agree on who will undertake these tasks, so that there is no presumption
that the full check will be performed at the melanoma unit or in the dermatology office
or the general practice setting, when in fact no one may be checking the patient’s skin.
Patients who have many naevi, especially when dysplastic/atypical naevi are present,
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should be considered for ongoing skin checks and baseline TBP with clinicians highly
skilled in dermatoscopy.

A Californian study showed that 7.9% of melanoma-survivors developed a second
melanoma during follow-up [134]. A Dutch study showed a cumulative 5- to 10-year risk of
a second melanoma to be 4.6% [135]. This risk did not decline after 10 years. An Australian
study has shown that 11.3% of MIS patients developed a second primary cancer, including
the risk of further melanomas [136]. Another Australian study demonstrated that this risk
of a second melanoma does not diminish with time [137].

We have previously identified the extent to which the prognosis of melanomas is
worse as patients are older [57]. This raises the question of how to manage the skin of
melanoma patients after their 5 or 10 years of follow-up.

Fifteen years after their first primary melanoma, the patient is 15 years older. Their
prognosis of any second melanoma will be affected by this age difference. Yet their increased
risk of a second or third melanoma continues. For this reason, the concept of ceasing
ongoing skin checks at 5 or 10 years is concerning. Whilst other aspects of managing
melanoma could cease at 5 or 10 years, we believe that it is in the melanoma-patient’s
interests that regular skin checks continue. The level of evidence to confirm the ideal follow-
up period for melanomas is very poor, and so most published guidelines are eminence-
rather than evidence-based [138].

16. Sun Exposure Advice

As with the management of any patient suffering from sun exposure conditions,
melanoma management includes advice on life-long sun protection and UV minimization.
Cumulative sun exposure is a risk factor for further melanoma in patients with a history of
melanoma [135]. Advice will ideally include the discussion of wearing wide-brimmed or
specialized hats, the use of shade, long sleeved clothing and sunglasses. Perhaps the most
neglected aspect of reducing UV exposure is to modify the time -of day in which activities
are undertaken. A dramatic reduction in potential UV exposure, especially UVB exposure,
can be achieved simply by avoiding times when the sun is directly overhead in summer
months [139,140].

Patients often require education to understand that current glass technology, especially
automobile glass technology, can provide very effective UVB and UVA protection [141].
The Australian population-based Nambour study identified clear melanoma protective
benefits in the intervention group who applied sunscreen twice daily compared with the
discretionary usage of controls [142].

Sun protection and conscious behavior changes after the diagnosis of melanoma
remains critical [143]. Many of our melanoma patients are occupationally exposed to solar
UV as part of their work, leisure activities or general activities of daily living. For these
patients, occupational therapy (OT) has a role in workplace and home assessments to
coordinate safer environments, reducing our patient’s further UV risk [143–149]. Patients
can also benefit from OT through the activity analysis which is undertaken which explores
possible adaptations to improve health outcomes. Recent major reviews into more formal
systems of reducing ongoing workplace UV exposure have been undertaken [146]. While
a given workplace might think they are being effective in minimizing UV exposure to
employees, a formal OT worksite assessment can lead to improvements [139,146]. This
might include plans to reschedule some outdoor work activities to the early and late parts
of the days, and reschedule activities that can be done in the shade or indoors for between
11:00 a.m. and 3:00 p.m.

In the patient’s home, it may be the yard needing a review, such as where are items
are stored, whether outdoor kitchen and living areas are protected, and whether outdoor
seating arrangements are ideal. Intervention can include recommending a wearable UV-
exposure device [150–152].

Occupations involving arc welding are at special risk of UV exposure, including to
UVC [153]. Delivering education could assist patients and their loved ones to undertake
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advice and precautions when engaging in occupations where UV exposure is high. Targeted
advice can also be geared to recreational UV exposure, such as home gardening [154].
Patients may need to find modifications to continue to enjoy their recreations, but in a
safer manner.

17. Supplementary Vitamins

Vitamin D oral supplementation needs to be considered for melanoma patients, includ-
ing measuring blood levels after diagnosis and during follow-up. Apart from providing
an alternate source of Vitamin D that is not solar, improved melanoma outcomes may be
achievable with such a strategy [155–158].

The role of nicotinamide supplements is unclear. Nicotinamide has been shown to
reduce the development of new squamous cell carcinomas and basal cell carcinomas in skin
cancer patients [159–162]. Its role in kidney-transplant patients is important [163,164]. For
melanoma patients, a reduction in new melanoma lesions cannot be expected. However,
melanoma outcomes may be improved [165], although further evidence is required. A
shorter duration of irAEs associated with PD1 therapy might be achieved with nicotinamide
supplementation [166].

18. Psychosocial Support

There are many patients for whom the “M” word brings psychological and social diffi-
culties for themselves and their families [167]. Clinicians should consider the effects these
important issues have and offer information on psychosocial support services when needed.
Psychological support can be provided in the General Practice setting, and melanoma units
often have trained staff able to manage these aspects of patient care [167–170].

19. Moving forward—More Trials That Do Not Include SLNB Are Required

Many ADT trials once required SLNB+ to meet the eligibility for enrolment [88,102,106].
This can mean that applicability could be erroneously restricted to those having positive nodes
detected by SLNB. This could cement a clinical role for a procedure with no survival benefit
and will thus have far-reaching ethical and resource-allocation implications for future patients
who may be able to benefit from new interventions. Of particular concern, linking ADT to
SLNB will result in ongoing unnecessary drug treatments to young melanoma patients whilst
older patients are denied therapies that will prolong their survival.

Patients who decline to have SLNB must not be denied access to drugs that can treat
their disease, especially those with a clear high mortality risk on the BAUSSS biomarker.

BRAF/MEK combined therapies are available orally, allowing greater flexibility for
melanoma patients who may prefer this to having to attend a chemotherapy center for
treatment. PD1 therapy requires parenteral administration.

Long-term benefit. Adjuvant drug therapy may provide months or years of additional
survival for patients with melanomas. In every RCT of these drugs thus far, the Kaplan–
Meier graphic analysis shows a continuing reduction in survival over time. Even though
ADT has a proven value, the concept of such being a “cure” for melanoma is not consistent
with the data.

Adverse events. With all drugs studied, including combination therapies, the severe
adverse events demonstrated are concerning both in percentage and nature. Many patients
choose to withdraw from the therapies through an intolerance of adverse events. Some
patients will choose not to commence these therapies after balancing the potential for extra
survival against the risk of side effects.

20. Limitations

This review of recent developments in melanoma management is based on the selection
of publications since 2017 that the authors considered pertinent. Numerous other melanoma
research papers have been written.
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21. Conclusions

When a cutaneous melanoma is suspected, an excision biopsy should be undertaken
with a narrow margin in most circumstances. After diagnosis, a wide excision is required.
When clinical/dermatoscopic evidence suggests the melanoma is in situ or invasive but
likely <1 mm Breslow thickness, a single diagnostic procedure that also incorporates
definitive excision may be appropriate.

The BAUSSS biomarker incorporates the Breslow thickness, the Age of the patient,
Ulceration, the Subtype of the tumor, the Sex of patient and the Site of the primary tumor.
The BAUSSS provides a more accurate method of assessing high-risk melanoma patients
without subjecting patients to the added costs, hospitalization, anesthesia and adverse
events associated with SLNB. The BAUSSS is hence integral in the future selection of
patients at high mortality risk and hence decisions about adjunctive drug therapy.

Other than surgical and drug management, melanoma patients need regular skin
checks to detect possible further primary tumors, with this ideally being lifelong. Manage-
ment may also require a consideration of vitamin D supplementation. Actions to reduce
our patient’s ongoing UV risk can extend beyond the consulting office. Formal worksite
and home assessments can identify UV risks and solutions that may not have otherwise
been considered. Total body photography has a role in melanoma patients, especially those
with many naevi on their skin, especially when these include dysplastic naevi.

22. Dedication

The authors dedicate this project to the late Dr. Prof. Christiane Voit. Christiane
pioneered advancements in melanoma management including the development of an
ultrasound approach that improved the accuracy of the detection of nodal disease (Figure 3).
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