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Abstract: The past decade has seen numerous advancements in approaches to melanoma detection,
each with the common goal to stem the growing incidence of melanoma and its mortality rate. These
advancements, while well documented to increase early melanoma detection, have also garnered
considerable criticism of their efficacy for improving survival rates. In this review, we discuss the
current state of such early detection approaches that do not require direct dermatologist intervention.
Our findings suggest that a number of at-home and non-specialist methods exist with high accuracy
for detecting melanoma, albeit with a few notable concerns worth further investigation. Additionally,
research continues to find new approaches using artificial intelligence which have promise for
the future.
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1. Introduction

In the United States, melanoma incidence has increased by 320% since 1975 [1].
Melanoma incidence has also increased globally [2]; this contrasts with overall cancer
incidence, which has remained stable or partially declined [3]. As the fifth most common
type of cancer in the US, there has been considerable effort to improve melanoma diagnostic
capabilities, particularly at earlier stages. Direct access to dermatological screenings (as
opposed to screenings by other types of physicians) correlates with earlier detection of
melanoma and improved long-term survival [4]. In a large study on German patients diag-
nosed with melanoma, those who had participated in a dermatological screening program
had higher survival rates than those who did not [5]. However, large-scale retrospec-
tive analysis has shown that these efforts have not been effective in stemming melanoma
mortality rates [6].

While one approach for melanoma detection is via a dermatologist’s diagnosis, reliance
on specialists can make it more difficult for those most in need of treatment to obtain care
due to accessibility difficulties, thus leading to delays. Earlier identification of the disease
(regardless of stage) has been shown to correlate with notably higher rates of survival [7].
These concerns have prompted the creation of several alternative approaches for early
melanoma detection that do not require direct specialist involvement. Most efforts have
gone into advocating for self-body screenings; however, some research points to difficulties
in effectively teaching the criteria for identifying melanomas to patients [8,9]. These self-
screening campaigns are particularly important for catching early signs of the disease [10].
In addition to survival benefits, the detection of melanoma at the early stages of disease
progression is also associated with significant cost savings [11,12]. One study found that
it is 1000-2000% more expensive to treat T1a and T4b tumors, respectively, compared to
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early-stage disease [13]. Despite critiques that the incurred costs of screening additional
suspicious lesions will exceed any savings retained by not needing to treat later-stage
disease, evidence has shown that early detection methods such as screening programs and
dermatological screenings are cost-effective [14–16].

Intriguingly, campaigns to increase melanoma screenings by dermatologists found
that such campaigns mostly resulted in increased screening rates for young women [17,18].
While this population has been observed to be at risk in youth demographics [19,20], it
contrasts strongly with the elderly male population that is statistically the most at risk
for melanoma [21,22]. Such a contradiction is a reason why further discussion of these
melanoma detection methods is so important.

In this review, we discuss a variety of early detection methods for melanoma, including
and beyond self-screening (Table 1). Given its limited discussion in the literature, we chose
to analyze methods which are available for patients outside of dermatology clinics. Such
approaches include the use of dynamic new technologies and deep learning artificial
intelligence. Considering their importance in initial melanoma detection, we also discuss
the roles that primary care physicians (PCPs) and general practitioners can play in directing
melanoma cases.

Table 1. Melanoma detection summary.

Method Target Audience Pros Cons

Skin Self-Examinations
(ABCDE/Seven-Point
Glasgow/Ugly Duckling)

General public

- No cost
- Quick
- No specialized equipment or training
- Can be conducted regularly

- Inconsistent results
regarding efficacy

- General public not capable
of distinguishing nuances
in skin conditions

- May contribute to needless
referrals and
over-diagnosing

Dermatoscope Inspection Primary care physicians

- Effective tool with proven advantage
over naked-eye examination

- Minimal training required for it to be
effective in the hands of non-specialists

- Cost associated
with purchase

- Requires training to use

Smartphone Apps General public and
primary care physicians

- Easy to use
- Accessible to anyone with a smartphone

- Can be expensive
- Software not

regularly updated

Artificial Intelligence-Based
Image Analysis

General public and
primary care physicians

- Utilizes evolving and improving
technology to identify suspicious lesions

- Can be easily updated as new metrics
are discovered

- Requires minimal input from the user

- Black box nature of
AI software

- Racial bias of software
designed using
non-diversified images

Sequential Digital
Dermoscopy

General Public and
primary care physicians

- Simple way to track suspicious lesions
for individuals without
technical experience

- Allows for outreach to specialists if
needed in the future

Teledermatology General public

- “Store and forward” approach helps
individuals to receive quick
consultations from specialists

- All the benefits of receiving a
dermatologist’s analysis without
visiting the clinic

- Increased likelihood of earlier
cancer detection

- Requires input from
dermatologists; can
overwhelm specialists if
broadly applied

- Not covered by insurance
in many states
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2. Methods

Our goal for this review was to investigate which melanoma detection methods were
available that did not require direct consultation with a dermatologist. To do so, articles
were chosen for this literature review based on word relevancy to topics regarding at-home
testing and primary care melanoma detection methods. The articles with direct relevance
were used as a resource for finding other articles and expanding the discussion of certain
methods. Certain papers were screened out in favor of more updated articles that had been
published within the past 5–7 years. This focus on the literature was intended to make
sure the review included the most up-to-date information regarding efficacy analysis and
modern survey styles. Some articles included in this review were published prior to the
aforementioned cutoff due to their direct relevancy to the addressed topics, and no better
substitutes with more updated information were found.

3. Early Detection at Home

Developing new strategies that target unmet needs from previous campaigns is impor-
tant for improving prognoses and outcomes for melanoma patients. Men tend have worse
prognoses for melanoma [23], and are more likely to develop it during their lifetimes [22],
but often delay seeking help for symptoms [24]. This phenomenon creates a barrier to
early detection in healthcare settings, as those at the greatest risk are less likely to seek
help for early symptoms. Considering this barrier and the importance of early detection,
strategies to incorporate high-risk populations should ideally be accessible at home, before
prospective patients seek primary care help.

Because of the visible nature of many melanomas, self-screening is already a major
focus of several early-detection campaigns. Organizations such as the Melanoma Research
Alliance [25], the AIM foundation [26], the Melanoma Research Foundation [27], and the
American Melanoma Foundation [28] provide easily accessible resources that can guide the
general public regarding how to conduct their own skin checks.

3.1. Naked Eye SSEs

Skin self-examinations (SSEs) are a widely-supported strategy requiring minimal
equipment, and give the general public agency in their own cancer prevention. Studies
have shown that such examinations can be effective in detecting earlier-stage melanoma re-
occurrence [23]. These examinations track an individual’s moles using a simple, acronymic
mnemonic device known as the “ABCDE Method” [29]. Each letter in this acronym stands
for a key characteristic of a mole which may be noticeably altered with the presence of a
cancerous lesion (Table 2).

Table 2. The ABCDE Method.

Letter Characteristic

A Asymmetry—benign moles typically have symmetric or uniform shapes, while
cancerous moles are often asymmetric or irregular.

B Border—benign moles have round and distinct borders, whereas cancerous
moles often have asymmetric or jagged borders.

C Color—benign moles tend to be a single color, while cancerous moles are often
composed of multiple shades or colors at different parts of the mole.

D Diameter—cancerous moles are typically over six millimeters in diameter. This
is approximately the diameter of a common pencil.

E Evolving—Unlike benign moles, cancerous moles often change in size, shape,
and color over time.

The ABCDE method was initially developed at New York University in 1985 as an
education tool aimed at helping physicians and the general public to differentiate between
common moles and cancers [30]. Despite studies showing laypersons’ inability to produce
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accurate or consistent evaluations of skin lesions using the ABC criteria [31], this method
can still be a useful tool for physicians [32,33].

A major strength of this SSE method is its ability to be performed anywhere an individ-
ual has adequate time and privacy. Additionally, there are data supporting this method’s
efficacy in increasing melanoma detection when performed multiple times annually at
home [34]. Another strength of the ABCDE method is the ease of modifying it to add
additional letters that incorporate future elements worthy of consideration—a strategy
that is already being implemented [35]. Individuals are also far more likely to recognize
abnormalities in their own skin than a clinician is, as the clinician may only observe the
patient once or twice in a year.

While the ABCDE method clearly defines important characteristics to observe during
an SSE, there is no standardization for how examinations are conducted. As a result,
there can be significant disparities in each examiner’s comprehensiveness. Less than eight
percent of individuals performing SSEs check every body part detailed in the protocols,
with the average self-examiner only checking two-thirds of their body [36]. It has also been
observed that self-detected melanomas are more likely to be thicker and higher-risk cancers
with poor prognoses [37]. Such data would suggest that self-screenings do not always
increase survival outlook, as most individuals cannot positively identify the melanoma
until it has already grown to a dangerous state. This somewhat contradicts the study
mentioned previously [32], which showed that patients with a history of melanoma detected
reoccurrences at earlier stages of disease. A possible explanation for this phenomenon is
that patients with no prior experience with melanoma do not have the same sensitivity or
ability to detect early-stage disease compared to patients with a history of melanoma.

Despite evidence of inconsistencies in laypersons’ ability to consistently use the ABC
criteria to identify melanoma [31], this simple framework is a useful starting point for
public outreach programs, but needs refinement to allow the average person to reliably
identify suspicious lesions. Similar to the ABCDE method is the seven-point Glasgow
checklist (7PCL), which has been recommended for use by The National Institute for Health
and Care Excellence [38] and utilized by many physicians, particularly in the UK [39]. The
7CPL identifies seven key criteria for differentiating benign and cancerous moles, and
suggests a referral to a specialist if a score of ≥3 is achieved [40] (Table 3).

Table 3. The seven-point Glasgow checklist.

Characteristic Weighted Score
Value

Change in the size of a lesion 2 points

Irregularity in the shape of a lesion 2 points

Irregularity in the color of a lesion 2 points

Inflammation in or around the lesion 1 point

Alteration in sensation of the lesion 1 point

The lesion is large in size, or has a diameter larger than seven millimeters 1 point

Oozing or crusting on or around the lesion 1 point

As another SSE tool able to be used by the general public, the weighted 7PCL has
shown to be more sensitive than the ABCDE method when employed by physicians [41].
The 7PCL has also been the focus of several awareness and self-screening campaigns in the
past, most notable in the United Kingdom [42,43]. Despite the developmental intentions
and their use in these campaigns, there is a need for studies measuring the efficacy of this
method as a self-screening tool.
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3.2. The Ugly Duckling Method

Another method available for individuals to use is to look for “ugly duckling signs”—
moles which appear different from other moles on the same individual [44]. Generally
benign nevi in an individual’s skin share common visual characteristics [45], and comparing
all of a patient’s nevi has the potential to reduce the number of biopsies by a factor of seven
as opposed to analyzing each nevi on an individual basis [46]. This is possibly the simplest
diagnostic tool that can be given to individuals performing SSEs, and can be quickly com-
municated to patients through primary care physicians or awareness campaigns. However,
this simplicity does not convey any additional characteristics of which to be conscious, and
leaves additional room for certain populations to downplay cancer symptoms in order to
delay seeking a professional opinion. Instead of replacing other methods, there is value in
using ugly duckling signs to compliment other diagnostic tools. For example, the ABCDE
method can be modified into the ABCDEF method, which includes an additional letter to
represent “funny looking moles” [47].

Despite widespread encouragement of using naked-eye SSE to catch skin cancers in
earlier stages, there is still a need for evidence to support its viability reducing patient
mortality [48]. Additionally, intentional SSE protocols given to patients are not necessarily
more effective than casual skin checks [23]. While SSEs can be useful for the rudimentary
identification of a suspicious lesion, any attempt to distinguish between classes of diseases
such as seborrheic keratoses and melanoma are beyond the ability of the average individ-
ual [33]. However, educational intervention-based approaches can be important tools to
improve efficacy in these procedures [49]. SSEs, when used by non-dermatologists, may be
equally sensitive in detecting in situ lesions vs. more developed forms [50], meaning that
SSE strategies may need to adjust observation parameters to avoid missing skin cancer cases
in their early stages. The downstream effect of increased identification of all suspicious
lesions, both cancerous and benign, could overwhelm dermatology clinics with referrals.

Overall, naked-eye SSEs, as a tool to improve prognoses, have not produced reliable
results. An element to consider is the role of skin awareness associated with an initial
melanoma diagnosis, familial history of skin cancer, and individual interest in SSE proce-
dures [51]. Skin awareness due to SSE is independently associated with improved outcome
for patients [23], and, thus, should be a focus when standardizing SSE procedures and
education in the future.

Although some believe that self-examinations are correlated more with over diagnos-
ing than improved outcomes [52], others attest that overdiagnosis should not be the primary
measure of early-detection efforts [53]. Additionally, in women at risk for melanoma, those
who undergo online skin check training and have access to a dermatologist through a
telehealth platform make fewer appointments for benign moles compared to those without
these resources, suggesting that overdiagnosis may be attenuated by SSE education [54].

Variable at-home SSE performance and quality complicate our understanding of
whether SSE is a useful tool for early detection. Among both melanoma survivors and those
at risk for melanoma, only one-third to two-thirds of patients perform regular SSEs [36,55].
Further analysis of SSE among patients recovering from past melanoma shows a steady
decline in the rate of SSE over time, despite the elevated risk among patients with a history
of melanoma [51]. Similarly, an online survey of 88 members of the general population
in Australia reported that two-thirds of the study’s participants regularly checked their
skin [56]. Further confounding the evaluation of SSE as an early detection method is the
difficulty of quantifying the quality of skin checks. Among those who do perform SSE, the
measured comprehensiveness of the exam depends on the metrics used, such as number of
body parts checked [33], or whether patients performed the SSE naked, with a mirror, with
help from another person, and if palms/soles and new/existing nevi were examined [38].

Recent research efforts have shown that educational aids improve SSE in terms of
both performance and quality. An SSE intervention strategy which included web-based
education and a set of instructions/guide for SSE led to more thorough skin checks in
at-risk participants [57]. Additionally, it has been shown that educational programs on
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skin self-examinations in schools may help to establish the use of sunscreen and continued
self-examination behaviors which are helpful for early melanoma detection [58]. In a
similar vein, game-based training on the ABCD (E excluded for training on static images)
or UDS (ugly duckling sign) methods of SSE increased accurate melanoma identification in
a study of the general population in the U.S. [59], suggesting that educational efforts based
on established SSE aids may improve the detection of suspicious melanocytic lesions.

4. Primary Care Physician and General Practitioner Methods

While at-home testing is useful for the early detection of melanoma, it would be a
mistake to leave out the role of primary care physicians (PCPs) and general practitioners
in the discussion of early melanoma detection. Even when a patient may self-identify a
suspicious mole, they will generally seek care first from their PCP, who may then refer to
a specialist. Among all cancer types, melanoma has the shortest interval between initial
clinical observation and referral [60], suggesting that most PCPs play an active role in
recognizing signs of the disease. In doing so, these non-specialist physicians are charged
with the challenging task of serving as a gatekeeper for further treatment without the full
training necessary for melanoma identification. Hence, it is important to analyze the tools
that are available to PCPs for identifying suspicious lesions, as well as the historical success
rate of their referrals.

4.1. Dermatoscopes

While suspicious lesions can oftentimes be identified without the aid of any tools,
one of the most effective ways to visually confirm the suspicious features associated with
melanoma is by using a dermatoscope. The dermatoscope, invented in 1989 [59], operates
as a specialized magnification device that allows physicians to observe skin areas with high
detail, and can now be attached to cameras to take high-resolution photos [61]. The use of
this device has shown to be extremely effective in the identification of melanoma amongst
both dermatology specialists and general practitioners [62]. In a 2018 meta-analysis of a
population of 42,000+ patients with lesions, the use of a dermatoscope increased physicians’
sensitivity to melanoma from 76% to 92% [63]. Similar findings were also observed in
a cross-disciplinary analysis of both specialists and non-specialists [64]. These studies
demonstrate the importance of integrating dermatoscope training into PCP education,
and that efforts to promote dermatoscope use in their clinics may drastically improve the
broader population’s ability to identify melanoma earlier. While some may contest that
the additional cost associated with training and implementing dermatoscope use in PCP
clinics may exceed any savings associated with earlier detection, a 2014 study observed
cost savings in patient treatment which were in excess of any costs involved with PCPs
using dermatoscopes [65]. While the technical knowledge may be challenging, research
suggests that most PCPs would only need a single day of hands-on training to become
proficient users of a dermatoscope [66].

4.2. Electronic Tools

Although the use of the dermatoscope has been shown to be quite useful in the
hands of those without specialized dermatology training, there is still the consideration
that these non-specialists may not have the expertise needed to optimally identify and
detect suspicious lesions. To ameliorate their lack of expertise, various software tools have
been developed to help PCPs to manage their patients’ skin health. Sequential digital
dermoscopy imaging (SDDI) involves the collection and comparison of images of skin
obtained via dermatoscope over an extended period of time to aid in the observation
changes to the lesion’s physical traits. Initial analysis has shown that the employment
of SDDI leads to cost savings in treatment which are far beyond the cost of using SDDI
tools [67]. Additionally, incorporating SDDI alongside dermatoscope use resulted in
>97% correct management of malignant pigmented lesions and melanoma by general
practitioners in a 2009 British study [68].



Life 2023, 13, 974 7 of 14

SDDI is not the only available electronic tool that is designed to improve melanoma
detection. A variety of image analysis software has been developed which provide more
in-depth analyses of mole images. Spectrophotometric intracutaneous analysis (SIAscopy)
is a non-invasive image analysis approach intended to diagnose pigmented skin lesions [69].
This tool has been designed not only for the use of dermatologists, but for non-specialized
physicians as well. The use of SIAscopy has been shown to have an 85.7% sensitivity and
65.4% specificity to melanoma when used in a primary care setting [70].

An alternative approach to increasing a PCP’s ability to positively identify a suspicious
lesion is via teledermatology. Teledermatology provides a streamlined approach through
which general practitioners can seek expert opinions on their patients’ skin. By doing so,
primary care physicians become able to speed up the rate at which patients can be consulted
and adequate care can be directed. The use of teledermatology by PCPs in a retrospective
study showed that over 50% of cases were able to be handled without the need of a
dermatologist, which led to a staggering 78% reduction in the waiting time for in-person
appointments [71]. Such an increase in specialist availability pays massive dividends, even
beyond the observed patient cohort. An alternative type of teledermatology, known as
“store-and-forward” teledermatology, has become increasingly popular in the past few
decades. Rather than immediately sending dermatoscope images to a specialist, the store-
and-forward method involves storing a series of images together in a database, such that
a collective time-lapse of the skin region can be analyzed by a specialist [72]. This type
of approach has been shown to be effective, and has led to an increased probability of
successful cancer detection with fewer in-person visits [73,74]. While store-and-forward
teledermatology has gained more traction, there is still room to improve its efficiency,
as well as the public’s confidence in it. A longitudinal survey of clinics in Spain found
that while teledermoscopy and teledermatology were continually becoming more popular,
concerns over poor image quality, fear of error, and difficulty coordinating with PCPs were
points of concern among both patients and their health providers [75]. Store-and-forward
teledermatology is also not as commonly covered by insurance in the US, and is currently
only available to those with Medicare in 27 states [76].

5. Debate over Efficacy of the New Method and Overdiagnosis

There is some contention as to whether many of these new approaches and initiatives
actually improve melanoma detection and long-term survival. Some would argue that
efforts to increase the detection of melanoma have not led to any survival outcomes or
noticeable increases in melanoma. Incidence rates of less severe melanoma cases have
increased (thinner melanomas and melanoma in situ) [77,78], despite melanoma-associated
mortality remaining high [79,80]. Concerns have been raised regarding the efficacy of
certain image analysis tools, such as the ones mentioned previously. MoleMate, a program
built upon SIAscopy technology, has been observed to lead to a noticeably higher level of
referrals, despite consistent disagreement between the program’s diagnosis and the results
of expert assessment [81].

Despite these criticisms, there is a fair amount of evidence to show that non-specialists
are more than capable of handling cases of suspicious lesions and making the correct
referrals. An analysis which considered the differences in rural and urban melanoma cases
found that rural areas with fewer specialists available had more lesions biopsied with no
elevated harm or survival risk to their patients [82] compared to rural clinics at which
specialists conducted biopsies less frequently. This suggests that some of the perceived
risks that many may attribute to non-specialized physicians are without solid standing,
and that increased involvement of PCPs in melanoma detection will result in an overall
benefit to the patient population. Additional investigations of the variation in melanoma
detection in dermatology versus non-specialist clinics have also supported the efficacy
of general practitioners identifying melanoma. An interesting metric to consider in this
comparison is the number needed to biopsy (NNB), which is defined as the number of
biopsied lesions (as chosen by the directing physician) per positive melanoma diagnosis
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(validated by pathology). This ratio provides a measurement of the efficiency of identifying
suspicious lesions. A 2020 study on melanoma referrals and detection in a variety of
different specialties showed no statistically significant differences in the NNB achieved by
dermatologists and non-dermatology specialists [83].

6. Future of Early Melanoma Screening

While we have discussed, at great length, the existing routes for melanoma detection,
it is also important to consider where the field is heading and the emergent approaches. A
common approach emerging in the literature is the use of artificial intelligence and deep
learning models to diagnose melanoma using only the input of a dermatoscope image.
Plenty of evidence has been presented that demonstrates that these programs are efficient in
accurately diagnosing melanoma at similar levels to dermatologists [84–88]. Such imaging
is collected by a primary care physician or other provider, then uploaded to software
which analyzes a variety of features against a database of images of healthy and diseased
skin [89]. A computer-aided diagnosis (CAD) application, developed for smartphone use,
was validated in PCP clinics, demonstrating >80% accuracy and close to 90% sensitivity [90].
Another study examining 20 PCPs and 20 nurse practitioners found that AI assistance was
significantly associated with higher diagnosis agreement with a dermatologist panel [91].
Dildar et al. provided a thorough discussion of the technical side of AI-based skin cancer
detection and how the software is designed [92].

Such technologies are still very much in their infancy, and there is much room for
improvement. There are several weaknesses associated with the existing AI technologies.
One of these is the black-box nature of this type of software. Without an understanding
of how the images are being analyzed and which features take the most precedence in
the diagnosis, one could imagine a scenario in which a provider is debating between two
diagnoses as a result of one key defining feature of a lesion, and turns to AI in hopes of
clarification. However, the software may produce a completely different diagnosis without
a justification as to why. Such an output would only confuse the provider further, and would
not help to direct the patient towards treatment any sooner. AI provides an opportunity for
non-specialists to gain dermatology-level insight into challenging diagnoses. Unfortunately,
this requires the AI software to provide explanations regarding how it works, which most
types do not. There is also the consideration of the ever-evolving metrics for melanoma
detection. Similarly to other cancers, melanoma research continues to prompt changes in
the protocols we use for diagnosis. This suggests that any programs designed to diagnose
melanoma must be consistently updated to accommodate the existing research. Given this
logic, most would be surprised to find that many of the most popular melanoma diagnostic
apps have not been updated in several years [93].

Such apps also have cost barriers in place. Some smartphone apps designed for
patient use have a monthly subscription fee and require the purchase of a dermatoscope
attachment, which ranges from USD 99–299 [94]. Such large upfront costs restrict the
availability of these technologies from those in lower socioeconomic groups who may not
have access to a smartphone, let alone a USD 100+ app. Additionally, those most likely
to pay for such tools are far more likely to be those with a history of disease/high risk of
reoccurrence as opposed to the general public, further limiting their widespread utility.
The War on Melanoma program at Oregon Health and Science University does address this
issue with its Sklip® at-home dermoscopy program, which loans dermatoscope attachments
to patients [95]. In addition, such efforts could be incorporated into community outreach
efforts to increase access.

The origin of the images used for developing this technology is also a point of concern.
A comprehensive analysis of several deep learning algorithms showed that all of the images
used to create said algorithms were obtained from only three of the fifty states [96]. Those
three states (California, Massachusetts, and New York) are composed of largely white
population at the higher end of the socioeconomic ladder. The fact that such a skewed
subgroup was used for the creation of these deep learning technologies likely indicates
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some ingrained biases that would limit their applicability to non-white populations. Such
an issue is part of a larger conversation regarding bias in AI that points to pivotal weakness
in its widespread efficacy in at-risk populations [97].

7. Conclusions

The past few decades have seen significant advancements in efforts and technologies to
enable earlier detection of melanoma and to increase survival outcomes. These efforts have
largely been focused towards campaigns for at-home detection via patient self-screenings,
increased training and resources for melanoma detection by non-specialists, and new
technological methods for melanoma diagnosis. These new approaches to melanoma
detection all serve the collective goal of reducing the need for dermatology-driven diagnosis,
thereby opening up clinical resources for those most in need of treatment. While the
field has made significant progress in this pursuit, the outlined methods for melanoma
detection have accuracy concerns stemming from lack of expertise and internal biases. Such
drawbacks have fostered criticism, including the notion that efforts to increase melanoma
detection have only led to overdiagnosis [98] and increased costs, without the desired
survival outcomes [99–102].

Such critiques fail to recognize that we do not yet understand how to stratify these
melanoma cases, as more research into the underlying biology is necessary. Until then,
abandoning the pursuit of additional melanoma screening will not reduce the overall
morbidity of the disease, but may lead to later diagnoses. The research outlined above
clearly demonstrates that these additional methods for melanoma detection are effective
in identifying melanoma earlier, albeit in cases of lower-risk disease. This suggests that
mobilization of the non-specialist population is possible, but requires tweaking to actually
increase the survival outcomes in the melanoma population. Equal access across the
socioeconomic spectrum must also be considered, as many of the previously outlined
methods involve costly methods. Those without the resources to regularly meet with a
physician of any kind or to use a smartphone would find many of the options discussed
in this review out of their reach. Rural medicine and low-cost approaches must be a
consideration in the next phase of melanoma detection design.

Additional studies are required to determine whether these early detection campaigns
confer any survival benefits to these patients relative to those who would otherwise wait
until more severe clinical symptoms arose. Such findings would be extremely helpful in
settling the overdiagnosis debate currently raging in the field of dermatology. The field
should also be investing their efforts towards better training and educational resources for
the general public, as well as PCPs, to more effectively identify melanoma. Such training
must also be more efficiently targeted, such that it reaches the most at-risk populations
with reduced access to dermatologists. The ability of PCPs to step into more independent
melanoma-diagnosing roles has the potential to dramatically increase early detection of
melanoma and help to alleviate the workloads of many overscheduled dermatologists.

In addition to in-person melanoma detection methods, AI also presents an intriguing
opportunity for melanoma detection without reliance on specialists. The high efficacy
rates are promising, although they come with the major caveat that is the mysterious
nature of the origin and function of the software. Greater transparency in these deep-
learning technologies is required for them to become more socially acceptable and more
useful for non-specialist use. Efforts must also be made to address the imbued racial
and socioeconomic biases in the software such that they can serve to improve, rather than
reinforce, the healthcare disparities already present in the diagnosis of melanoma [103–105].
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