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Simple Summary: This study acknowledges the challenges in melanoma diagnosis and the need
for new technology that aids clinical decision making. Biomarkers that can accurately report on the
underlying biology during melanoma progression are needed to enable an accurate diagnosis and
prognostic risk stratification to provide new opportunities for personalized medicine.

Abstract: Background: Early diagnosis is the key to improving outcomes for patients with melanoma,
and this requires a standardized histological assessment approach. The objective of this survey was
to understand the challenges faced by clinicians when assessing melanoma cases, and to provide
a perspective for future studies. Methods: Between April 2022 and February 2023, national and
international dermatologists, pathologists, general practitioners, and laboratory managers were
invited to participate in a six-question online survey. The data from the survey were assessed using
descriptive statistics and qualitative responses. Results: A total of 54 responses were received,
with a 51.4% (n = 28) full completion rate. Of the respondents, 96.4% reported ambiguity in their
monthly melanoma diagnosis, and 82.1% routinely requested immunohistochemistry (IHC) testing to
confirm diagnosis. SOX10 was the most frequently requested marker, and most respondents preferred
multiple markers over a single marker. Diagnostic and prognostic tests, as well as therapeutic options
and patient management, were all identified as important areas for future research. Conclusions:
The respondents indicated that the use of multiple IHC markers is essential to facilitate diagnostic
accuracy in melanoma assessment. Survey responses indicate there is an urgent need to develop new
biomarkers for clinical decision making at multiple critical intervention points.

Keywords: melanoma; survey; biomarker; clinical practice; diagnosis; prognosis; therapeutic options;
patient management

1. Introduction

Cutaneous melanoma arises from the malignant transformation of melanocytes and is
the most aggressive form of skin cancer, with a high propensity for metastasis [1]. Globally,
there were approximately 325,000 cases of melanoma and more than 57,000 melanoma-
related deaths in 2020 [2]. The incidence of melanoma is steadily increasing, with the
highest rates observed in Australia, New Zealand, Europe, and North America [3]. With
the number of newly diagnosed melanoma cases projected to increase by more than 50%
by 2040, melanoma presents a significant burden for health care systems [3].
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The early accurate diagnosis of melanoma is crucial to improve clinical outcomes,
ensuring that patients receive appropriate treatment before the cancer progresses. De-
spite efforts to improve diagnostic approaches, the misdiagnosis and improper staging of
melanoma remain well-recognized issues in dermatopathology [4]. In Australia, general
practitioners commonly provide a clinical diagnosis that relies on the visual inspection of
pigmented lesions following the ABCDE (asymmetry, border irregularity, color variation,
large diameter, and evolution) rule [5,6]. However, it should be acknowledged that these
features may not be consistent for all melanoma cases [7,8]. Due to the lack of melanin
pigment and the notorious challenge in recognizing vascular patterns, amelanotic or hy-
popigmented melanomas are prone to misdiagnosis or delayed diagnosis at an advanced
stage [9–11]. Some melanomas can appear as small lesions (less than 6 mm in diameter),
despite being invasive [12]. Moreover, the ubiquity of potential melanoma precursor nevi
may place additional limits on the effectiveness of the visual approach for melanoma
detection [13]. Thorough histology assessment is required to confirm melanoma diagnosis,
but significant diagnostic hurdles persist [7,14].

While routine Hematoxylin and Eosin (H&E) staining is standard for melanoma
diagnosis, there is intra- and interobserver subjectivity for the interpretation of histological
features in melanoma and ambiguous lesions [7,15,16]. Indeed, the histological criteria
favoring a melanoma diagnosis are not pathognomonic for melanoma and may occasionally
be observed in a wide range of other benign skin pathologies (e.g., dysplastic nevi, blue
nevi, Spitz nevi, Reed nevi, and lentiginous junctional nevi) [7]. Furthermore, there are
borderline lesions with equivocal malignant potential, making a definitive melanoma
diagnosis challenging [7]. Ancillary techniques, such as fluorescence in situ hybridization
(FISH), comparative genomic hybridization (CGH), next-generation sequencing (NGS), and
immunohistochemistry (IHC) with the commercially available markers (e.g., S100, human
melanoma black (HMB)-45, Melan-A, microphthalmia transcription factor (MITF), and SRY-
related HMG-box gene 10 (SOX10)), can be used to assist the histopathological diagnosis,
but at present, there is no consensus on a standardized protocol for widespread clinical
adoption [7]. It is important to understand the reasons for the lack of standardization
and the unmet need in melanoma clinical practice, to devise a better approach for the
development of future ancillary tests.

This single-point cohort study had a combination of qualitative and quantitative
questions (i) highlighting the current difficulties faced by clinical teams in melanoma
assessment, (ii) investigating the utility of available ancillary tools to enhance diagnostic
precision, and (iii) identifying areas of interest from a clinical perspective for the focus of
future research.

2. Materials and Methods

From April 2022 to February 2023, professionals who work in the fields of melanoma
diagnosis and oncology-based medicine were invited to participate in a 10-min online
survey using the Qualtrics XM platform (Qualtrics, Provo, UT, USA). Eligible participants
included clinical pathologists, general practitioners, dermatologists, and laboratory staff.
Various organizations in Australia, Ireland, and the USA were approached for access
approval and assistance in distributing the survey to eligible participants, including the
University of South Australia, SA Pathology, Peter MacCallum Cancer Centre, Dermpath
Diagnostics, Trinity College Dublin, St. James Hospital Dublin, the Coombe Women
and Infants University Hospital Dublin, Alfred Health, and the Melanoma Institute of
Australia. The participants were invited by their organizations through membership emails,
e-newsletters, or using personal Twitter/Instagram accounts. A recruitment flyer was also
disseminated to local dermatology clinics in Adelaide, South Australia, to enhance the
participation rate. This research project was approved by the Human Research Ethics
Committee of the University of South Australia (Ethics ID 204510) as required by the
Australian government, specified in the National Statement on Ethical Conduct in Human
Research (2007–updated in 2018).
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This single-point cohort study was designed with a combination of qualitative and
quantitative questions (n = 6). The respondents were first asked to indicate the location
of their workplaces. In the next question, the respondents were asked how many cases
of melanoma they diagnosed in a typical month and what percentage of these melanoma
diagnoses were initially ambiguous. The respondents were then asked to select which cell
markers they use to confirm melanoma diagnosis, if any. The respondents subsequently
used a tick-box format to indicate their opinions on which aspects they think should be
addressed in future melanoma research and optionally share their experiences or comments
about melanoma research.

The responses from Qualtrics XM were transferred and analyzed using independent
Student’s t-tests (for continuous variables) and chi-square tests (for categorical variables),
using GraphPad Prism version 9.4.1 (GraphPad Software Inc., La Jolla, CA, USA) and
IBM SPSS statistics version 28.0.1.1 (14) (IBM Corp., New York, NY, USA). This study was
powered for a minimum completion rate of 30%, as indicated within the institutional ethics
approval. Due to the nature of the participant recruitment, the response rate could not be
determined. In this paper, percentages of frequency counts are reported for respondent
demographics and survey responses. Qualitative responses to the open-text questions were
evaluated using a thematic content analysis method.

3. Results

There were 28 respondents who completed the survey, including general practition-
ers, as well as laboratory and specialist dermatology staff. A 51.8% completion rate of
all mandatory questions from the 54 initial respondents was recorded. The majority of
the respondents were from Australia (78.6%), 10.7% were from Ireland, and 3.6% of the
respondents were each recorded from India, the Philippines, and the USA. No correlation
was determined between the answers provided by the respondents and their geographical
location. Many indicated they diagnose less than ten cases of melanoma in a typical month
(64.3%), while 21.4% indicated between 11 and 19 cases per month (Figure 1). Only 10.7%
of the respondents indicated they diagnose more than 20, and 3.6% of the respondents
indicated they do not diagnose any melanoma cases in a typical month (Figure 1).
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3.1. Melanoma Diagnosis

Most respondents (85.7%) indicated that less than 25% of melanoma cases diagnosed
were initially ambiguous (Figure 2). Among the respondents, 7.1% reported to have 26–50%
ambiguous cases among their monthly melanoma diagnoses, whereas only one respondent
indicated that this number was more than 50% (Figure 2). One respondent indicated that
none of the monthly melanoma diagnoses were initially ambiguous (Figure 2).
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Figure 2. Ambiguity of suspicious melanoma lesions.

3.2. Ancillary Testing to Confirm Melanoma Diagnosis

The current use of IHC markers for ancillary testing to aid melanoma diagnosis was
investigated using a multiple-choice question (these data are detailed in Table 1). The
majority of the respondents (82.1%) used IHC to confirm a melanoma diagnosis, while
10.7% never requested an ancillary test, and 7.2% did not wish to say. The use of multiple
markers was indicated in 69.6% of the responses, while 30.4% preferred a single marker.

Table 1. Cell markers requested to confirm melanoma diagnosis.

Cell Markers Used to Confirm a Melanoma Diagnosis Frequency (%)

SOX10 18 (64.3%)
S100 15 (53.6%)
HMB45 15 (53.6%)
Melan-A 9 (32.1%)
Never request ancillary diagnostic test 3 (10.7%)
Do not wish to say 1 (3.6%)

Other Markers Used to Assist Diagnosis Frequency (%)

“PRAME” 5 (17.9%)
“p16” 2 (7.1%)
“ki67” 2 (7.1%)
“MITF” 1 (3.6%)
“Molecular Panel” 1 (3.6%)

PRAME, preferentially expressed antigen in melanoma; MITF, microphthalmia-associated transcription factor.



Cancers 2023, 15, 4631 5 of 9

SOX10 was the most requested marker (64.3%). S100 and HMB45 were equally re-
quested (53.6%), followed by Melan-A (32.1%). The respondents also utilized a series of
other cell markers, including PRAME, p16, Ki67, MITF, and a molecular panel (Table 1).
Of those who requested multiple markers, 18.8% requested two markers, while 37.5%
requested three or four markers. Most commonly, S100, HMB45, Melan-A, and SOX10
were selected together, followed by S100, and HMB45 with either SOX10 or Melan-A. Some
respondents also selected a combination of S100, SOX10, and Melan-A, as well as S100
together with HMB45.

3.3. Future Considerations for Melanoma Research

Prognostic tests were perceived as the most important future direction (92.9%), fol-
lowed by new diagnostic and therapeutic options (89.3%, Figure 3). Only 10.7% of the
respondents did not perceive diagnostic tests, therapeutic options, and patient manage-
ment as important future directions for research, while one participant did not consider
prognosis a necessary focus for future studies (Figure 3). Furthermore, 3.6% and 7.1% of the
respondents preferred not to indicate their thoughts on prognostic testing and patient man-
agement, respectively (Figure 3). Other suggestions for future melanoma research included
predictive markers and tests, marginal and sentinel lymph node analyses, neoadjuvant
therapy, next-generation sequencing, and disease pathogenesis.
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More than one-third of the respondents (39.3%) provided optional feedback “. . .to
share any additional experience in melanoma assessment or comments about melanoma re-
search”. Interestingly, IHC marker-related responses comprised over 50% of the qualitative
feedback (n = 6). More specifically, one respondent highlighted that single-marker use was
deemed to be insufficient for melanoma diagnosis, necessitating a panel of IHC markers for
better reliability. The need for new markers was also highlighted (n = 3). One respondent,
who preferred the utility of three markers (S100, HMB45, and Melan-A), noted that “BRAF”
and “PRAME” are also helpful. Another respondent, who preferred SOX10 as an ancillary
test, stated that they use it for assessing intraepidermal melanocytic proliferations, or for
determining the lineage of poorly differentiated tumors. Other feedback included one
respondent who expressed concern over the lack of funding towards molecular testing
for the diagnosis of ambiguous lesions. A variety of other important clinicopathological
considerations when assessing melanoma were also raised, such as age, location of lesion,
family/personal medical history, and the interaction between melanoma cells, antigen
presenting cells, and innate immune surveillance.
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4. Discussion

This study highlighted the current approaches and challenges faced by clinicians,
where melanoma assessment and diagnosis are often subjective. Visual detection is the
primary tool for the clinical diagnosis of melanoma; however, it relies on melanin distri-
bution and vasculature patterns, which can be obscured [7,17,18]. The lack of melanin
granules in amelanotic or hypopigmented melanoma may affect early detection using the
color criterion within the ABCDE guidelines, and therefore may contribute to high rates of
clinical misdiagnosis [9,11,19,20]. In a retrospective study at a general dermatology-based
outpatient practice, up to a third of diagnosed melanomas were found to have a preoper-
ative measured diameter of 6 mm or less, whereas tumor invasion was evident in more
than two-thirds of these small-diameter cases [12]. Furthermore, the hidden location of the
lesions and underestimation of early changes in appearance can also result in missed or
delayed clinical melanoma diagnosis [21].

The histological assessment of H&E slides remains the gold standard to confirm
melanoma diagnosis; however, the extensive morphological heterogeneity of melanoma
with indistinct pathognomonic features sometimes results in a controversial interpretation
of melanoma and other lesions, especially borderline lesions [7,22]. In a study involving
a broad panel of American practicing pathologists, the diagnosis of samples spanning
moderately dysplastic nevi to early-stage invasive melanoma was neither reproducible
nor accurate [15]. Similarly, discordance in the routine histopathologic interpretation of
melanoma and melanocytic pathologies has been reported in other retrospective stud-
ies [23,24], raising concerns regarding histological criteria that have long been accepted
as the cornerstone for diagnosing melanocytic neoplasms. These challenges in melanoma
assessment were reiterated in qualitative feedback, highlighting IHC markers as an adjunct
to refining the histopathological diagnosis.

Although several ancillary techniques to enhance the accuracy of melanoma diagnosis
exist, the practical considerations of cost, tissue requirement, and ease of use can affect
their incorporation into clinical practice [25]. Current molecular tests (e.g., FISH, CGH,
and NGS) require significant tumor tissue, rely on laboratory expertise [25], and are “not
funded”, as pointed out by a respondent, ultimately hindering their wide adoption in
clinical practice. In contrast, IHC is considered the most easily adopted test, as it overcomes
the aforementioned restrictions and limitations [25]. While the rate of IHC utilization has
significantly increased in recent years [26–28], properly validated and standardized markers
for adoption in clinical melanoma practice remain an issue. In this study, more than 80% of
the respondents currently requested IHC tests to confirm a melanoma diagnosis. The most
frequent markers selected by the respondents included S100, SOX10, HMB45, and Melan-A,
which is consistent with previous observations of markers currently used in melanoma
diagnosis [27,29]. These markers are functional proteins for melanogenesis or melanocyte
differentiation and exhibit a wide range of reported sensitivities and specificities, especially
across the different subtypes of melanoma [7,30]. While these markers can be particularly
useful to determine the melanocytic origin of a poorly differentiated lesion, they are
not very informative on either the biological potential or the primary pathogenesis of
melanoma [7,29,30]. The utility of PRAME in melanoma diagnosis was also recognized by
some respondents (17.9%). Recent retrospective studies reported the clinical potential of this
emerging melanoma marker in distinguishing benign from malignant melanocytic lesions,
while also acknowledging its limitations in assessing certain melanoma subtypes [31–33].
Only a few respondents used proliferative and cellular markers (e.g., Ki67 and p16) to
refine melanoma diagnosis. Although these markers can serve as indicators for tumor cell
proliferation and growth, they are not specific for melanocytes and may provide prognostic
rather than diagnostic value [7].

Interestingly, more than half of the respondents in this survey preferred multiple
markers over a single marker. Indeed, one respondent stated that “no single immunohisto-
chemical marker is able to distinguish benign from melanocytic malignancies. A panel of
IHC markers is more useful”. This can be attributed to the fact that individual markers with
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less-than-optimal sensitivity and specificity have limited clinical utility and demonstrate
a poor ability to differentiate melanoma from other melanocytic lesions [7,30]. As such,
panels of markers have been suggested to achieve a higher level of reliability in melanoma
diagnosis [34,35]. In this survey, the participants selected variable combinations of markers,
confirming no standardized adoption across different clinical practices. Further investiga-
tion into the utility of multiple markers in melanoma diagnosis should be evaluated in a
suitable clinical setting to determine if such advances could also overcome the diagnostic
ambiguity reported here. Consequently, unless new reliable markers are developed, with
superior specificity and sensitivity, it will not be feasible to establish a “one-size-fits-all”
panel of markers to accurately diagnose such a highly heterogenous cancer as melanoma.

The current challenges in melanoma practice emphasize the necessity for new biomark-
ers to improve clinical decision making [25,36], and this was reiterated by the respondents’
feedback in this survey. Apart from the aforementioned diagnostic tests, most respondents
in this survey also emphasized the significance of prognosis, therapeutic options, and
patient management as important aspects for future melanoma studies. Furthermore, the
discovery of new biomarkers that can report on the primary disease pathogenesis could
enhance our understanding of melanoma biology to overcome these issues, guiding a pre-
cision medicine approach for patients [37,38]. Thus, newly identified biomarkers should be
evaluated in the context of their biological relevance to the primary pathogenesis, while also
considering the heterogeneity of the disease (accounting for tumor variation and clonal evo-
lution) [7,25,39,40], before their potential clinical utility can be truly determined, as different
subtypes of melanoma can exhibit distinct genotypes and immunophenotypes [30,41]. As
suggested by a respondent in this study, “the interaction between melanoma cells, antigen
presenting cells and innate immune surveillance is an important topic”. This holds great
promise for understanding the mechanisms involved in tumor pathogenesis [42], and this
may provide novel targets for biomarker development.

5. Conclusions

In conclusion, this cohort study acknowledges the challenges in melanoma diagnosis
and the importance of IHC as an ancillary tool. The results highlight the shortcomings of
currently available IHC markers and an urgent need to develop new reliable biomarkers to
address clinical decision making. Biomarkers that can report on the malignant propensity
of intermediate melanocytic lesions or inform on melanoma primary pathogenesis will not
only enable an accurate diagnosis, but will also improve prognostic risk stratification to
provide new opportunities for personalized medicine.

Author Contributions: Conceptualization: G.T.L., C.M., T.B., S.P., A.M.H., D.A.B. and J.M.L.; method-
ology: G.T.L., C.M., T.B., S.P., A.M.H., B.S.-Y.U., M.C.C., D.A.B. and J.M.L.; software: G.T.L., C.M.,
T.B., S.P., A.M.H., B.S.-Y.U., I.R.D.J., D.A.B. and J.M.L.; validation: all authors; formal analysis: G.T.L.,
C.M., T.B., A.M.H., B.S.-Y.U., D.A.B. and J.M.L.; investigation: all authors; resources: G.T.L., C.M.,
T.B., S.P., A.M.H., M.C.C., S.K., J.J.O., D.A.B. and J.M.L.; data curation: G.T.L., C.M., T.B., A.M.H.,
B.S.-Y.U., L.K., D.A.B. and J.M.L.; writing—original draft preparation: G.T.L., C.M., T.B., A.M.H.,
B.S.-Y.U., R.D.B., S.M.H., D.A.B. and J.M.L.; writing—review and editing: all authors; visualization:
G.T.L., C.M., T.B., A.M.H., B.S.-Y.U. and J.T.; supervision: C.M., A.S., J.J.O., D.A.B. and J.M.L.; project
administration: C.M., A.S., L.K., D.A.B. and J.M.L.; funding acquisition: L.K., D.A.B. and J.M.L. All
authors have read and agreed to the published version of the manuscript.

Funding: G.T.L., D.A.B., J.M.L., C.M., A.S., J.T., J.J.O. and L.K. received funding from the University
of South Australia and the Rattigan Family Trust for melanoma projects; S.P., A.S., C.M., B.S.-Y.U.,
L.K., S.M.H., R.D.B., J.T., I.R.D.J., D.A.B. and J.M.L. receive funding from Envision Sciences outside of
the focus of this article; S.K. and J.J.O. receive cancer-related funding that is outside the scope of this
article. A.M.H. is supported by an Emerging Leader Investigator Grant from the National Health and
Medical Research Council, Australia (APP2008119).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Human Research Ethics Committee of the University of South



Cancers 2023, 15, 4631 8 of 9

Australia (Ethics ID 204510) as required by the Australian government, specified in the National
Statement on Ethical Conduct in Human Research (2007–updated in 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Data are available for bona fide researchers who request them from
the authors.

Acknowledgments: We would like to acknowledge the University of South Australia, SA Pathology,
Peter MacCallum Cancer Centre, Dermpath Diagnostics, Trinity College Dublin, St. James Hospi-
tal Dublin, the Coombe Women and Infants University Hospital Dublin, Alfred Health, and the
Melanoma Institute of Australia for their administrative assistance in distributing the survey.

Conflicts of Interest: D.A.B. and J.J.O. are founding shareholders and benefit from Envision Sciences
Pty Ltd.’s research funding. Envision Sciences Pty Ltd. has engaged the University of South Australia
on arm’s-length terms to conduct research, including subject matter in this manuscript.

References
1. Nguyen, T.H. Mechanisms of metastasis. Clin. Dermatol. 2004, 22, 209–216. [CrossRef] [PubMed]
2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
3. Arnold, M.; Singh, D.; Laversanne, M.; Vignat, J.; Vaccarella, S.; Meheus, F.; Cust, A.E.; de Vries, E.; Whiteman, D.C.; Bray, F.

Global Burden of Cutaneous Melanoma in 2020 and Projections to 2040. JAMA Dermatol. 2022, 158, 495–503. [CrossRef] [PubMed]
4. Waqar, S.; George, S.; Jean-Baptiste, W.; Ali, A.Y.; Inyang, B.; Koshy, F.S.; George, K.; Poudel, P.; Chalasani, R.; Goonathilake, M.R.; et al.

Recognizing Histopathological Simulators of Melanoma to Avoid Misdiagnosis. Cureus 2022, 14, e26127. [CrossRef] [PubMed]
5. Youl, P.H.; Baade, P.D.; Janda, M.; Del Mar, C.B.; Whiteman, D.C.; Aitken, J.F. Diagnosing skin cancer in primary care: How

do mainstream general practitioners compare with primary care skin cancer clinic doctors? Med. J. Aust. 2007, 187, 215–220.
[CrossRef] [PubMed]

6. Jensen, J.D.; Elewski, B.E. The ABCDEF Rule: Combining the “ABCDE Rule” and the "Ugly Duckling Sign" in an Effort to
Improve Patient Self-Screening Examinations. J. Clin. Aesthetic Dermatol. 2015, 8, 15.

7. Lam, G.T.; Prabhakaran, S.; Sorvina, A.; Martini, C.; Ung, B.S.-Y.; Karageorgos, L.; Hickey, S.M.; Lazniewska, J.; Johnson, I.R.D.;
Williams, D.B.; et al. Pitfalls in Cutaneous Melanoma Diagnosis and the Need for New Reliable Markers. Mol. Diagn. Ther. 2022,
27, 49–60. [CrossRef]

8. Tsao, H.; Olazagasti, J.M.; Cordoro, K.M.; Brewer, J.D.; Taylor, S.C.; Bordeaux, J.S.; Chren, M.-M.; Sober, A.J.; Tegeler, C.;
Bhushan, R.; et al. Early detection of melanoma: Reviewing the ABCDEs. J. Am. Acad. Dermatol. 2015, 72, 717–723. [CrossRef]

9. Menzies, S.W.; Kreusch, J.; Byth, K.; Pizzichetta, M.A.; Marghoob, A.; Braun, R.; Malvehy, J.; Puig, S.; Argenziano, G.;
Zalaudek, I.; et al. Dermoscopic evaluation of amelanotic and hypomelanotic melanoma. Arch. Dermatol. 2008, 144, 1120–1127.
[CrossRef]

10. Moreau, J.F.; Weissfeld, J.L.; Ferris, L.K. Characteristics and survival of patients with invasive amelanotic melanoma in the USA.
Melanoma Res. 2013, 23, 408–413. [CrossRef]

11. Thomas, N.E.; Kricker, A.; Waxweiler, W.T.; Dillon, P.M.; Busam, K.J.; From, L.; Groben, P.A.; Armstrong, B.K.; Anton-Culver, H.;
Gruber, S.B.; et al. Comparison of clinicopathologic features and survival of histopathologically amelanotic and pigmented
melanomas: A population-based study. JAMA Dermatol. 2014, 150, 1306–1314. [CrossRef] [PubMed]

12. Maley, A.; Rhodes, A.R. Cutaneous melanoma: Preoperative tumor diameter in a general dermatology outpatient setting.
Dermatol. Surg. 2014, 40, 446–454. [CrossRef]

13. Markovic, S.N.; Erickson, L.A.; Rao, R.D.; McWilliams, R.R.; Kottschade, L.A.; Creagan, E.T.; Weenig, R.G.; Hand, J.L.;
Pittelkow, M.R.; Pockaj, B.A.; et al. Malignant melanoma in the 21st century, part 1: Epidemiology, risk factors, screening,
prevention, and diagnosis. Mayo Clin. Proc. 2007, 82, 364–380. [CrossRef] [PubMed]

14. Cancer Council Australia; Australian Cancer Network; Ministry of Health New Zealand. In Clinical Practice Guidelines for the
Management of Melanoma in Australia and New Zealand; Cancer Council: Wellington, New Zealand, 2008.

15. Elmore, J.G.; Barnhill, R.L.; Elder, D.E.; Longton, G.M.; Pepe, M.S.; Reisch, L.M.; Carney, P.A.; Titus, L.J.; Nelson, H.D.;
Onega, T.; et al. Pathologists’ diagnosis of invasive melanoma and melanocytic proliferations: Observer accuracy and repro-
ducibility study. BMJ 2017, 357, j2813. [CrossRef] [PubMed]

16. Ensslin, C.J.; Hibler, B.P.; Lee, E.H.; Nehal, K.S.; Busam, K.J.; Rossi, A.M. Atypical Melanocytic Proliferations: A Review of the
Literature. Dermatol. Surg. 2018, 44, 159–174. [CrossRef]

17. Lin, M.J.; Mar, V.; McLean, C.; Wolfe, R.; Kelly, J.W. Diagnostic accuracy of malignant melanoma according to subtype. Australas.
J. Dermatol. 2014, 55, 35–42. [CrossRef]

18. Mar, V.J.; Chamberlain, A.J.; Kelly, J.W.; Murray, W.K.; Thompson, J.F. Clinical practice guidelines for the diagnosis and
management of melanoma: Melanomas that lack classical clinical features. Med. J. Aust. 2017, 207, 348–350. [CrossRef]

19. McClain, S.E.; Mayo, K.B.; Shada, A.L.; Smolkin, M.E.; Patterson, J.W.; Slingluff, C.L. Amelanotic melanomas presenting as red
skin lesions: A diagnostic challenge with potentially lethal consequences. Int. J. Dermatol. 2012, 51, 420–426. [CrossRef]

https://doi.org/10.1016/j.clindermatol.2003.12.007
https://www.ncbi.nlm.nih.gov/pubmed/15262306
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jamadermatol.2022.0160
https://www.ncbi.nlm.nih.gov/pubmed/35353115
https://doi.org/10.7759/cureus.26127
https://www.ncbi.nlm.nih.gov/pubmed/35875272
https://doi.org/10.5694/j.1326-5377.2007.tb01202.x
https://www.ncbi.nlm.nih.gov/pubmed/17708723
https://doi.org/10.1007/s40291-022-00628-9
https://doi.org/10.1016/j.jaad.2015.01.025
https://doi.org/10.1001/archderm.144.9.1120
https://doi.org/10.1097/CMR.0b013e32836410fe
https://doi.org/10.1001/jamadermatol.2014.1348
https://www.ncbi.nlm.nih.gov/pubmed/25162299
https://doi.org/10.1111/dsu.12454
https://doi.org/10.1016/S0025-6196(11)61033-1
https://www.ncbi.nlm.nih.gov/pubmed/17352373
https://doi.org/10.1136/bmj.j2813
https://www.ncbi.nlm.nih.gov/pubmed/28659278
https://doi.org/10.1097/DSS.0000000000001367
https://doi.org/10.1111/ajd.12121
https://doi.org/10.5694/mja17.00123
https://doi.org/10.1111/j.1365-4632.2011.05066.x


Cancers 2023, 15, 4631 9 of 9

20. Rigel, D.S.; Friedman, R.J.; Kopf, A.W.; Polsky, D. ABCDE--an evolving concept in the early detection of melanoma. Arch.
Dermatol. 2005, 141, 1032–1034. [CrossRef]

21. Gajda, M.; Kaminska-Winciorek, G. Do not let to be late: Overview of reasons for melanoma delayed diagnosis. Asian Pac. J.
Cancer Prev. 2014, 15, 3873–3877. [CrossRef]

22. Jackett, L.A.; Scolyer, R.A. A Review of Key Biological and Molecular Events Underpinning Transformation of Melanocytes to
Primary and Metastatic Melanoma. Cancers 2019, 11, 2041. [CrossRef] [PubMed]

23. Shoo, B.A.; Sagebiel, R.W.; Kashani-Sabet, M. Discordance in the histopathologic diagnosis of melanoma at a melanoma referral
center. J. Am. Acad. Dermatol. 2010, 62, 751–756. [CrossRef]

24. Ronen, S.; Al-Rohil, R.N.; Keiser, E.; Jour, G.; Nagarajan, P.; Tetzlaff, M.T.; Curry, J.L.; Ivan, D.; Middleton, L.P.;
Torres-Cabala, C.A.; et al. Discordance in Diagnosis of Melanocytic Lesions and Its Impact on Clinical Management. Arch. Pathol.
Lab. Med. 2021, 145, 1505–1515. [CrossRef] [PubMed]

25. Deacon, D.C.; Smith, E.A.; Judson-Torres, R.L. Molecular Biomarkers for Melanoma Screening, Diagnosis and Prognosis: Current
State and Future Prospects. Front. Med. 2021, 8, 642380. [CrossRef] [PubMed]

26. Chen, T.C.; Hitchcock, M.G. Rate of Immunohistochemistry Utilization in the Diagnosis of Cutaneous Melanocytic Lesions. Am. J.
Dermatopathol. 2021, 43, e146–e148. [CrossRef] [PubMed]

27. Kim, R.H.; Meehan, S.A. Immunostain use in the diagnosis of melanomas referred to a tertiary medical center: A 15-year
retrospective review (2001–2015). J. Cutan. Pathol. 2017, 44, 221–227. [CrossRef] [PubMed]

28. Pop, A.M.; Monea, M.; Olah, P.; Moraru, R.; Cotoi, O.S. The Importance of Immunohistochemistry in the Evaluation of Tumor
Depth of Primary Cutaneous Melanoma. Diagnostics 2023, 13, 1020. [CrossRef]

29. Dinehart, M.S.; Dinehart, S.M.; Sukpraprut-Braaten, S.; High, W.A. Immunohistochemistry utilization in the diagnosis of
melanoma. J. Cutan. Pathol. 2020, 47, 446–450. [CrossRef]

30. Ohsie, S.J.; Sarantopoulos, G.P.; Cochran, A.J.; Binder, S.W. Immunohistochemical characteristics of melanoma. J. Cutan. Pathol.
2008, 35, 433–444. [CrossRef] [PubMed]

31. O’Connor, M.K.; Dai, H.; Fraga, G.R. PRAME immunohistochemistry for melanoma diagnosis: A STARD-compliant diagnostic
accuracy study. J. Cutan. Pathol. 2022, 49, 780–786. [CrossRef] [PubMed]

32. Lezcano, C.; Jungbluth, A.A.; Busam, K.J. PRAME Immunohistochemistry as an Ancillary Test for the Assessment of Melanocytic
Lesions. Surg. Pathol. Clin. 2021, 14, 165–175. [CrossRef] [PubMed]

33. Rawson, R.V.; Shteinman, E.R.; Ansar, S.; Vergara, I.A.; Thompson, J.F.; Long, G.V.; Scolyer, R.A.; Wilmott, J.S. Diagnostic utility of
PRAME, p53 and 5-hmC immunostaining for distinguishing melanomas from naevi, neurofibromas, scars and other histological
mimics. Pathology 2022, 54, 863–873. [CrossRef] [PubMed]

34. Nielsen, P.S.; Riber-Hansen, R.; Steiniche, T. Immunohistochemical double stains against Ki67/MART1 and HMB45/MITF:
Promising diagnostic tools in melanocytic lesions. Am. J. Dermatopathol. 2011, 33, 361–370. [CrossRef] [PubMed]

35. Uguen, A.; Talagas, M.; Costa, S.; Duigou, S.; Bouvier, S.; De Braekeleer, M.; Marcorelles, P. A p16-Ki-67-HMB45 immuno-
histochemistry scoring system as an ancillary diagnostic tool in the diagnosis of melanoma. Diagn. Pathol. 2015, 10, 195.
[CrossRef]

36. Naik, P.P. Role of Biomarkers in the Integrated Management of Melanoma. Dis. Markers 2021, 2021, 6238317. [CrossRef] [PubMed]
37. Martini, C.; Logan, J.M.; Sorvina, A.; Gordon, C.; Beck, A.R.; Ung, B.S.-Y.; Caruso, M.C.; Moore, C.; Hocking, A.; Johnson, I.R.; et al.

Aberrant protein expression of Appl1, Sortilin and Syndecan-1 during the biological progression of prostate cancer. Pathology
2023, 55, 40–51. [CrossRef]

38. Logan, J.M.; Hopkins, A.M.; Martini, C.; Sorvina, A.; Tewari, P.; Prabhakaran, S.; Huzzell, C.; Johnson, I.R.D.; Hickey, S.M.;
Ung, B.S.-Y.; et al. Prediction of Prostate Cancer Biochemical and Clinical Recurrence Is Improved by IHC-Assisted Grading
Using Appl1, Sortilin and Syndecan-1. Cancers 2023, 15, 3215. [CrossRef]

39. Gupta, S.; Venkatesh, A.; Ray, S.; Srivastava, S. Challenges and prospects for biomarker research: A current perspective from the
developing world. Biochim. Biophys. Acta 2014, 1844, 899–908. [CrossRef]

40. Wallstrom, G.; Anderson, K.S.; La Baer, J. Biomarker discovery for heterogeneous diseases. Cancer Epidemiol. Biomark. Prev. 2013,
22, 747–755. [CrossRef]

41. Rabbie, R.; Ferguson, P.; Molina-Aguilar, C.; Adams, D.J.; Robles-Espinoza, C.D. Melanoma subtypes: Genomic profiles,
prognostic molecular markers and therapeutic possibilities. J. Pathol. 2019, 247, 539–551. [CrossRef]

42. Passarelli, A.; Mannavola, F.; Stucci, L.S.; Tucci, M.; Silvestris, F. Immune system and melanoma biology: A balance between
immunosurveillance and immune escape. Oncotarget 2017, 8, 106132–106142. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/archderm.141.8.1032
https://doi.org/10.7314/APJCP.2014.15.9.3873
https://doi.org/10.3390/cancers11122041
https://www.ncbi.nlm.nih.gov/pubmed/31861163
https://doi.org/10.1016/j.jaad.2009.09.043
https://doi.org/10.5858/arpa.2020-0620-OA
https://www.ncbi.nlm.nih.gov/pubmed/33577643
https://doi.org/10.3389/fmed.2021.642380
https://www.ncbi.nlm.nih.gov/pubmed/33937286
https://doi.org/10.1097/DAD.0000000000001946
https://www.ncbi.nlm.nih.gov/pubmed/33795556
https://doi.org/10.1111/cup.12867
https://www.ncbi.nlm.nih.gov/pubmed/27873341
https://doi.org/10.3390/diagnostics13061020
https://doi.org/10.1111/cup.13648
https://doi.org/10.1111/j.1600-0560.2007.00891.x
https://www.ncbi.nlm.nih.gov/pubmed/18399807
https://doi.org/10.1111/cup.14267
https://www.ncbi.nlm.nih.gov/pubmed/35672262
https://doi.org/10.1016/j.path.2021.01.001
https://www.ncbi.nlm.nih.gov/pubmed/34023098
https://doi.org/10.1016/j.pathol.2022.05.012
https://www.ncbi.nlm.nih.gov/pubmed/35987723
https://doi.org/10.1097/DAD.0b013e3182120173
https://www.ncbi.nlm.nih.gov/pubmed/21610457
https://doi.org/10.1186/s13000-015-0431-9
https://doi.org/10.1155/2021/6238317
https://www.ncbi.nlm.nih.gov/pubmed/35003391
https://doi.org/10.1016/j.pathol.2022.08.001
https://doi.org/10.3390/cancers15123215
https://doi.org/10.1016/j.bbapap.2013.12.020
https://doi.org/10.1158/1055-9965.EPI-12-1236
https://doi.org/10.1002/path.5213
https://doi.org/10.18632/oncotarget.22190
https://www.ncbi.nlm.nih.gov/pubmed/29285320

	Introduction 
	Materials and Methods 
	Results 
	Melanoma Diagnosis 
	Ancillary Testing to Confirm Melanoma Diagnosis 
	Future Considerations for Melanoma Research 

	Discussion 
	Conclusions 
	References

